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(57) Abstract: An object of the present invention is to provide a CRC circuit with more simple structure and low power consump-
tion. The CRC circuit includes a first shift register to a p-th shift register, a first EXOR to a (p-1)th EXOR, and a switching circuit.
A data signal, a select signal, and an output of a last stage of the p-th shift register are inputted to the switching circuit, and the
switching circuit switches a first signal or a second signal in response to the select signal to be outputted.
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DESCRIPTION

CYCLIC REDUNDANCY CHECK CIRCUIT AND SEMICONDUCTOR DEVICE |
'HAVING THE CYCLIC REDUNDANCY CHECK CIRCUIT |

' TECHNICAL FIELD
[0001] . o
‘The present - 1nvent10n relates to a cyclic redundancy check - cireuit, and a -

sem1conductor device. havmg the cycl1c redundancy check circuit. The present 1nvention |

, further relates to an electronlc apparatus havrng the sem1conductor dev1ce and a wrreless

communrcatlon system usmg the semrconductor dev1ce

BACKGROUND ART

[0002]

"There is a semiconductor device for transmitting/receiving a data signal by wireless

.v-'communlcauon such as a wireless tag (also called an IC tag, an IC chip, an RF (Radio

_Frequency) tag, an RFID (Radio Frequency Identrfrcatron) tag, an electromc tag, or a

transponder) In a device - for transm1tt1ng/rece1v1ng a data_signal, cycllc redundancy :

checklng (CRC) is performed for checklng whether the data srgnal is transmrtted accurately.
In the cyclic redundancy checkrng, a polynomral (called a code polyn0m1al) in which each bit
of a. I'CCC]VCd data signal is set as. a coeffrcrent is divided by a.predetermined generator -

polynomral and a coefficient of a remamder polynomral (herernafter called a CRC code) is

-calculated. The CRC code is compared to a predetermmed signal so that it is determined
,whether the recerved data S1gnal is correct.

[0003]

As for a circuit for performing cyclic redundancy checking (a cyclic redundancy
check circuit), a structure having a plurality of delay elements and a plurality of exclusive OR
circuits is proposed (Reference 1: Japanese Patent Application Laid-Open No. Hei
10-107650).

[0004]
~ The structure of the cyclic redundancy check circuit is described with reference to

FIG. 12. In FIG. 12, a cyclic redundancy check circuit includes delay elements SO to S15
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and excluswe OR c1rcu1ts EXOR O to EXOR 2 whrch calculate an exclusrve OR of two

inputted 51gnals

[0003]

| The delay elements SO to S4 'sequentially 'output' a signal which is 'shifted' in
synchronlzatlon with a clock s1gnal 181." That i is, the delay elements ‘SO to S4 form a flI'St"
shrft register (denoted by SR 1 1n FIG 12). The delay elements S5 to s11 sequentlally'
output a 51gnal which-is shrfted in synchromzatlon with the clock srgnal 181, That 1s the'.

delay elements S5 to S11 form a second shlft register (denoted by SR 2 in FIG. 12) The

',delay elements S12. to - SlS also sequentlally output a S1gnal which is shrfted in

synchron1zat10n with the clock 51gnal 181. That 1s, the -delay elements 812 to S15 form a
third shift reglster (denoted by SR 3-in FIG. 12). An output of the exclusrve OR c1rcu1tA

EXOR O is 1nputted to the delay element SO of the f1rst shift reglster SR 1. An output of S4
‘of the frrst shift register and the output of the excluswe OR circuit EXOR.0 are inputted to the
‘exclusive OR circuit EXOR 1. An output of the excluswe OR circuit EXOR 1is mputted to

S5 of the secon‘d shi.ft register -An output of S11-of the second Shlft regrster and the output

“of the excluswe OR c1rcu1t EXOR 0 are inputted to the excluswe OR circuit EXOR 2. An

output of the exclus1ve OR c1rcu1t EXOR 2 is. mputted to- Sl2 of the third shift reglster A
data signal 182 and.an output of S15 of the th1rd shift reglster are inputted to the exclusive OR:

circuit EXOR 0.
[0006]

The cyclic redundancy check circuit havmg the aforementioned structure calculates a

- 16- b1t CRC code correspondmg to the 1nputted data s1gnal 182 and outputs the CRC code

from out_1 to out 16 in parallel.

DISCLOSURE OF INVENTION'

- [0007)

In the case of receiving a data signal, a CRC code corresponding to the data signal is
calculated, the CRC code is outputted in parallel, and the CRC code is compared to a
predetermined signal so that it may be determined whether the received data signal is correct.
On the other hand, in the case of transmitting a data signal, it is required that a CRC code
corresponding to the data signal be calculated and the CRC code be added to the data signal in

serial.
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[0008]

' _ However, in a conventronal cychc redundancy-check crrcurt a CRC code can be
outputted only in parallel not in serial. " " This is because; smce a signal is changed when a-
signal is transmrtted from a sh1ft reg1ster to a next shrft register through an exclusive OR
CerUIt not all of signals stored in respectrve delay elements of all shrft regrsters can be shrfted

and outputted
[0009]

In the conventional cycl1c redundancy check c1rcu1t in order to output the CRC code

stored in each delay element of the Shlft reg1ster in serlal a circuit wh1ch once holds’ the CRC

_codes outputted in parallel and sequentlally outputs the CRC codes 1s requ1red For exarnple

in. addmon toa shift reglster for calculatmg the CRC code, another shrft regxster or the lrke is

required. Therefore, a structurevof the cyclic redundancy check circuit is comphcated, wh1ch
results-in a larger circuit. Further, in accordance with the larger circuit,':pow'er consumption =

" is increased. -

[0010] -

In view of the aforementioned conditions, an ob'j‘eCt'of the present invention is to

. provrde a cychc redundancy check circuit in whrch a CRC code correspondrng toa data signal

B can be calculated, . the CRC code can be outputted in parallel and_the CRC code can be

compared to a predetermmed s1gnal in the case of receiving the data srgnal and a CRC code

correspondrng to a data s1gnal can be calculated ‘and the CRC code can be. sequentrally ,

‘outputted in serial in the case of trlan“smrttrng the data s1gnal, with more simple structure_ and
“low power consumption. - |

[oo11]

~ In order to solve the ‘aforementioned problems, the present invention has the
following structure.
[0012]

A cyclic redundancy check circuit includes a first shift register to a p-th (p is a
natural number greater than 1) shift register, a first exclusive OR circuit to a (p-1)th exclusive
OR circuit, and a switching circuit.

[0013]
Each of the first to p-th shift registers has one stage or a plurality of stages connected

in cascade, and outputs an inputtéd signal having been delayed in synchronization with a
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- clock 'signal from each stage. . That is, each :shift‘ register of the first to p-th shift registers has

one stage ora plurahty of stages connected in-cascade. - An 1nputted signal is delayed and

then outputted from the one stage or each stage of the plurahty of stages. The output of

51gnal from the one stage or the pluralrty of stages is performed in synchronization wrth a
clock signal. . The first to (p- 1)th exclusrve OR crrcurts calculate an’ exclusive OR: of two'
lnputted signals A data 51gnal a select signal, and an output of a last stage of the p -th shlft"
reg1ster are mputted to the swﬂchrng circuit, and one of a’ flrst signal or a second srgnal is

swrtched in response to the select s1gnal to be outputted An output of the swrtchmg c1rcu1t

'is mputted toa frrst stage of the f1rst shift regrster Anoutput of a last stage of an 1-th (r-is a

_natural number smaller than p) Shlft regrster and the output of the switching c1rcu1t are

1nputted to an ‘r-th exclusrve OR ClI'CUlt An output of the r-th exclusive OR c1rc_u1t is

1nputted to a first stage of a (r+1)th sh1ft register.

{0014]

The f1rst 51gnal is an exclusrve OR of the data 51gnal and an’ output of the last: stage of
the p-th shrft reg1ster ‘The second signal is “0”. . Here, “0” shows that a d1g1tal 51gnal is a

. ,.'logical value of “0”. --Note that the second s1gnal may be a srgnal for equal1zmg an output of
_ _the 1-th exclusrve OR c1rcu1t w1th the output of the last stage of the r-th shift reg1ster when the
- second srgnal 1s mputted to the r-th exclusrve OR c1rcu1t

[0015]

‘In addition, the. cychc redundancy check circuit may include a determmatlon circuit

: and a first memory 01rcu1t The f1rst to p-th shift reglsters have a structure mcludmg s(sisa
i natural number ‘equal to or greater than p) second ‘memory c1rcu1ts for storing a 1 blt signal.
Signals stored in the s second memory crrcu1ts are inputted to the detenmnatlon crrcu1t as an

s-bit output in parallel The determmatlon c1rcu1t outputs a different srgnal in response to

whether the s-bit output matches a predetermlned srgnal stored in the first memory circuit.
[0016]

The cyclic redundancy check circuit having the aforementioned structure includes the
switching circuit, so that, without adding a new shift register or the like, the cyclic
redundancy check circuit can switch between the case where a CRC code corresponding to a
data signal is calculated and the CRC code is outputted in parallel, and the case where a CRC
code corresponding to a data signal is calculated and the CRC code is outputted sequentially

in serial. Accordingly, a cyclic redundancy check circuit with more simple structure and low
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power consumption can be provided.-

[0017]

ldownsmed and power consumptlon thereof can be decreased.
apparatus using the semrconductor devrce can be downsrzed and power consumptron thereof
can be decreased.
ch1p, since the chrp can be downsrzed and power consumptron thereof can be decreased the

krnd of- objects to which the ch1p is provrded can be increased and the applrcatron scope ofa. .

[0018]

FIG. 1 isa diagram shorNing a structure of Embodi'ment Mode 1.

Therefore a semrconductor devrce using the cyclic redundancy check c1rcu1t can be

h wrreless communlcatron system usrng the chip can be extended

BRIEF DESCRIPTION OF DRAWINGS.

FIG. 2-is‘a ~diagram showing a structure of Enibodiment Mo’de 1..

'j’_FIG 3 is a dragram showmg a structure of Embodrment Mode 1

FIGS. 4A to 4D are diagrams showing a structure of Embodlment Mode 2.

;FIGS 5A and 5B are dlagrams showrng a structure of Embodlment Mode 1.

FIG. 6 is a,dragram showing a structure of Embodrment Mode 3.

" FIG.7isa diagram_shoWing a structure ofEmbodinrent Mode 3.

FIGS. 8A and 8B are diagrams showing a structure'of En'rbodiment Mode 4.

FIGS. 9A and 9B are dlagrams showing a structure of Embodiment Mode 4.
FIGS. 10A and 10B are diagrams showmg a structure of Embodlment Mode 4.
FIGS. 11A to 11D-are dlagrams showmg a structure of Embodlment Mode 2.

'FIG 12isa dlagram showmg a conventlonal structure.

'FIGS. 13A and 13B are dlagrams showing a structure of Embodiment Mode 5.

FIGS. 14A to 14D are diagrams showing Embodiment 1.
FIGS. 15A to 15D are diagrams showing Embodiment 1.
FIGS. 16A and 16B are diagrams showing Embodiment 1.
FIGS. 17A to 17C are diagrams showing Embodiment 2.
FIGS. 18A to 18C are diagrams showing Embodiment 6.
FIGS. 19A to 19E are diagrams showing Embodiment 6.
FIG. 20 is a diagram showing Embodiment 3.

Further an’ electronic

In partrcular in the case where the semlconductor devrce is a wireless
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'FIGS. 21A to 21E are diagrams showing Embodiment 3.
FIGS. 22A and 22B are diagrams showing Embodiment 4.
FIGS. 23A and 23B are. dragrams showmg Embodlment 4.
FIGS. 24A and 24B are dragrams showing Embodiment 4.
FIGS. 25A and 25_B’ are dlagrams showing Embodiment 5. |
,FI.GS.- 26A to 26C are dia'gr'ams showing Emhodiment 5.

. BEST MODE FOR CARRYING OUT THE INVENTION
Embodrment Mode

[0019)

Embodiment' modes | of' the present invention will be described in detail IWith

reference to the drawrngs However the present 1nventron is not hmrted to. the followmg

:descrrptron and 1t is to be’ easrly understood by. those skrlled in the art that modes and detarls

" can’be changed varrously w1thout departing from the purpose and the scope of the present :

1nvent10n Therefore the present mventron is _not mterpreted as belng lrmrted to ‘the

..?followmg descrrptlon of embodlment modes - In the structure of the, present 1nvent10n

- _descrrbed herernafter reference numerals-and symbols rndrcatmg the same thmgs are. used i in .

common in the drfferent drawrngs In addrtron in the present invention, “be connected” is ;

| synonymous with “be _electrrcally connected”, SO that-anot.her. element or the hke may be

interposed.

’(Embodrment Mode 1)

[0020]

In Embodrment Mode 1, a structure of a cychc redundancy check c1rcu1t of the

'present 1nvent10n and an operatlon thereof are descrrbed with reference to FIGS 1to3.

[0021]

FIG. 1 shows a structure of a cyclic redundancy check circuit. The cyclic
redundancy check circuit includes a first shift register (denoted by SR 1 in FIG. 1) to a p-th (r
is a natural number greater than 1) shift register (denoted by SR p in FIG. 1),. a first exclusive
OR circuit (denoted by EXOR 1 in FIG. 1) to a (p-1)th exclusive OR circuit (denoted by
EXOR (p-1) in FIG. 1), and a switching circuit 101.

[0022]
Each of the first shift register SR 1 to the p-th shift register SR p has one stage or a
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pluralrty of stages connected in cascade and outputs an inputted srgnal having been delayed

m synchronlzatron with a CIOCk 51gnal from each stage. That is, each shrft register of the first

shift reglster SR 1 to p-th shift regrster SR p has one stage or a pluralrty of stages connected in -

cascade An mputted srgnal is delayed and then outputted from the one stage or each stage '
of the pluralrty of stages. The output of 51gnal from the one stage or the plurality of stages is"
performed in synchronrzatron with'a clock signal. |
[0023]

Here a structural example of each of the first shrft register SR 1 to the. p- th shift .

“regrster SR P is descrlbed with reference to FIGS 5A and 5B. . FIG. SA isa diagram’ showmg

a structure of an arbrtrary shrft regrster (denoted by SR in FIG. 5A) from among the frrst shrft'

- reg1ster SR 1 to the p- _th shift regrster SR p-  The shrft register SR includes a first stage toa
. U- th (uis a natural number) stage and an input srgnal 153 and’ a clock srgnal 152 are 1nputted '
to. the shrft regrster SR. - The input srgnal 153 is 1nputted to the frrst stage, and an output of a

' 'precedmg stage is inputted to a subsequent stage Each stage 1s connected such that an

output ‘of a precedmg ‘stage is 1nputted to a subsequent stage, Wthh is called cascade

' _.,»-connect1on Each of ‘the first stage to the u-th. stage can be formed using a delay element -

- mcludmg a 1 b1t memory circuit. . A D-type ﬂrp ﬂop crrcurt or the like can be used-as the

delay element. -
[0024] _
" Note. that although FIG S5A- shows the shift- regrster SR mcludrng the plurality of i

'stages, a shift reglster 1nclud1ng only one stage may be used. * That is, a shift regrster in -
‘which at least one shrft reglster among the frrst shift regrster SR 1 to the p-th shift reg1ster SR
- p may be a shrft regrster 1nclud1ng only one stage

‘[0025]

FIG 5B illustrates a timing chart showing a dr1v1ng method of the shift regrster
having the structure shown in FIG. SA. As FIG 5B, the input signal 153 is delayed in
synchronization with the clock signal 152 and the shift register SR outputs the delayed input
signal sequentially from each stage of the first stage to the u-th stage. In FlGS. 5A and 5B,
outputs from respective stages are denoted by out_1 to out_u. The out_1 to the out_u are an
output 151 of the shift register SR. In the circuit shown in FIGS. 5A and 5B, in an arbitrary
stage, an example in which a signal outputted to the subsequent stage and a signal to be an

output of the shift register SR are equal to each other is shown; however, the present invention
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is not limited to this. ~ In an arbitrary stage, a signal to be the output of the shift register SR

may be a signal inverted with respect to a signal to be outputted to the subsequent stage.

(0026] -

FIG. 1 is referred to again. The first exclusit/e OR circuit EXOR 1 to the (p-1)th.. '
exclusrve OR circuit EXOR (p-1) calculate an exclusrve OR of two inputted srgnals A dat'ax .
srgnal 131, a select signal. 132 and an output 103 of the last stage of the p-th shift register SR'i
P are 1nputted to the swrtchmg crrcurt 101, and -one of a f1rst srgnal or a second: srgnal is

swrtched in response to the select 51gnal 132 to be outputted as an output 102 The output

. 102 of the swrtchmg crrcurt 101 i 1nputted to a first stage of the- flrst shrft register SR 1 "~ An
_ output of a last stage of an r-th (r is a natural number. smaller than p) Shlft register SR r and

the output 102 of the sw1tch1ng c1rcu1t 101 are 1nputted to an r—th exclusrve OR circuit EXOR

- An output of the r- th exclusrve OR circuit EXOR T, is 1nputted to a first stage of a (r+1)th_

'shrft register SR (r+1)
' [0027]

The first srgnal is an exclusive OR of the data signal 131 and the output 103 of the

- .-.flast stage of the p-th- shrft regrster SR p. The second srgnal is “0”. Here “0” shows that a
digital srgnal is.a logrcal value of “0”. Note that the second s1gnal may be a signal for
"equallzrng the output of the r-th exclus1ve OR cncurt EXOR I w1th the output of the last stage

‘,of the r-th shift regrster SR r when the second s1gnal is mputted to the r-th exclusrve OR

c1rcu1t EXOR r

7[0028]

' Whlle the first srgnal is outputted from the output 102 of the switching crrcurt 101,

. the cyclic. redundancy check circuit outputs an s-bit CRC code in parallel (an s- -bit output 104
“in FIG 1) On the other hand while the second srgnal is outputted from the- output 102 of
. the sw1tchrng circuit 101, the first shrft regrster SR 1 to the p-th shift reglster SR p are

operated as one shift register on the whole, and the cyclic redundancy check circuit outputs
the s-bit CRC code as the output 103 in serial. |
[0029] ‘

A specific structural example of the switching circuit 101 is shown in FIG. 2. The
switching circuit 101 includes an exclusive OR circuit EXOR 111 and a selector 112. The
output 103 and the data signal 131 are inputted to the exclusive OR circuit EXOR 111, and an
exclusive OR of the output 103 and the data signal 131 is calculated and inputted to the
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selector l'12. The selector__ 112 switches :between an output of the exclusi\(e OR circuit
EXOR »11-1 and the data signal 131‘in,respo'nse to the select slgnal 132 to be outputted-as the:
output 102. o . o | '

[0030]
‘ The data signal 131 and the select signal 132 are described with reference to FIG 3.
Note that FIGS 1 and 2 are also referred to in the descrlptlon In addition, the 'selector 12

_ outputs a srgnal inputted to IN1 from Y when the select 51gnal 132 1nputted to'Sisa loglcal

value of. “1” and the selector 112 outputs a signal 1nputted to IN2 from Y when the select -

'51gnal 132 s “07.
, [0031]

The data signal 131 is formed of a received data 51gnal a transmitted data signal, and

“O” s1gna1 when there is nelther a received data s1gnal nor a transmitted data signal.

As shown in FIG. 3, after the rece1ved data 51gnal in serral is 1nputted as the data

s1gnal 131, the cycllc redundancy check circuit (the CRC crrcu1t) calculates a CRC code

' ~'correspond1ng to the received data signal (dur1ng a perlod denoted by TC1i in  FIG, 3). . ‘When

the calculatlon of. the CRC code i is terminated, a calculatron result that is, an obtained CRC -

code is outputted in parallel (durlng a period denoted by TOl in FIG 3). By usmg the CRC s

codevoutputted in parallel, an error of the recelved data signal is checked. In TC1 and TO1,
 the select signal 132 is “17,
[0033]

Next, after thel transmitted data. signal in serial is inputted as the data signal, the

. cyclic redundancy check circuit (the CRC ClI'Clllt) calculates a CRC code correspondlng tothe
_transmitted data s1gnal (dunng a perrod denoted by TC2 i in FIG 3) When the- calculat1on of

‘the CRC code is terminated, a calculatron result, that is, an obtained CRC code is outputted in

serial (during a period denoted by TO2 in FIG. 3). The CRC code outputted in serial is
added to the transmitted data signal. In TO2, the select signal 132 is “0”. '
[0034]

Note that in FIG. 3, the select signal 132 is “1” in all periods other than TOZ2;
however, the present invention is not limited to this. As long as the select signal 132 is “1”
in TC1 and TO1, and is “0” in TO2, the select signal 132 may be either “1” or “0” in the other

period.
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10 -

[0035]

Accordrngly, the cyclrc redundancy check c1rcu1t (the CRC circuit) can switch

between the case where the CRC code correspondmg to' the received data signal is calculated -

and the CRC code is outputted in parallel and the case where the CRC code corresponding to, '
the transmitted data signal is calculated and the’ CRC_ code is sequentially outputted in serial. -
[0036]

~In addition, as shown’in'FIG 1, the cyclic redundancy check' circuit can have a

_ ‘structure 1ncludmg a determrnatron c1rcu1t 105 The first shift reglster SR 1 to the p- th shift
: 'regrster SR p have a structure mcludmg s (sis a natural number equal to-or greater than p)

_ memory crrcurts stonng a 1 bit srgnal Here, with reference to FIG SA, the total number of

stages’ mcluded in the first shrft reglster SR 1 to the p- th shift regrster SR p corresponds to s.

. As shown 1n FIG. 1, srgnals stored in ‘the s memory c1rcu1ts are 1nputted to the determmatlon.
'.c1rcu1t 105 as- the s-bit output 104 in parallel The s-bit output 104 is a. CRC code _

orrespondlng to the recerved data srgnal The determrnatlon circuit 105 outputs a drfferent

srgnal as an output 106, in response to whether the s-bit output matches a predetermmed s- b1t

: srgnal 144. The predetermmed s-bit srgnal 144 is stored in a memory circuit other than the s

memory c1rcu1ts For example the predetermmed s-b1t signal’ 144 is stored in a mask ROM '

or the like. .

[0037]. .
20 .

' Accordlngly, the'cyclic 'redUndancy check circuit (the CRC circuit) can’calculate the

CRC code corresponding to the recerved data srgnal output the CRC code in parallel and o
‘ determme whether the CRC code matches the predetermined srgnal
-'(Embodlment Mode 2)

[oo3s]

'In this embodiment mode, a structure of the-determinati()n circuit 105 of FIG. 1 is
described specifically with reference to FIGS. 4A to 4D and 11A to 11D. Note that the same
portions as those in FIGS. 1 and 2 are denoted by the same reference numerals and description
thereof is omitted. |
[0039]

Each of FIGS. 4A to 4D and 11A to 11D is a structural example of the determination
circuit 105. '
[0040]
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~ InFIG. 4A, the determmatron circuit 105 1ncludes s matching circuits (EXNORS) 147 -

and an_ AND c1rcu1t 148. The S matchrng circuits - (EXNORs) 147 determine whether the

s- b1t output 104 and the predetermlned s-bit 31gnal 144 match per bit. That is, one matchmg

circuit (EXNOR) 147 corresponds toav-th(visa natural number in the range of 1 to s) bit.

A v-th bit signal of the s-bit output (104 and a.v-th bit 51gnal of the predetermined s-bit signal

144 are inputted to the ma'tching.'circuit (EXNOR). 147. In the case where the two inputted-
51gnals match, “1” is outputted, and in the case where the two 1nputted srgnals do not match,

“O” is outputted Outputs of the s matchrng circuits (EXN ORs) - 147 are 1nputted to the AND

’ _'c1rcu1t 148. - In the case where all the outputs of the s matchmg c1rcu1ts (EXNORs) 147 are
“17, the AND c1rcu1t 148 outputs “1” and in the other cases, the AND c1rcu1t 148 outputs “Q”,
N That s, the AND' circuit 148 outputs “1” in the case where the 's-bit output 104 and the

predetermmed s-bit s1gna1 144 match and the. AND c1rcu1t outputs “0” in the cases other than

- that. -An output of the AND C1rcu1t 1481 is the output 106 of the detennmatlon circuit 105
- [0041]
" 15

The'de'tennination circuit 105 shown in FIG. 4B is different in that the out‘putof‘ the

‘AND c1rcu1t 148 i is outputted through an output. control C1rcu1t 145 than the structure shown

.m FIG 4A Srnce the other portions are the same as those in- FIG. 4A descnptlon thereof is

'omltted. The-output of the AND crrcurt. 148 and an output contlrol.srpgnal 146 are rnputted fo :

Athe output control circuit 145. The output control'circuit 145 controls whether the output of

the AND circuit 148 1s outputted as the output 106, dependmg on the’ output control srgnal

: 146 Thus except when a dec1s1on result of the recelved data signal i is outputted the output o
' 106 can be kept not to be outputted Therefore such risk can be prevented that the output
- 106 becomes “0” durrng calculation of the CRC code or the hke and a 01rcu1t controlled using
, the decrslon result malfunctlons

[0042]

The determination circuit 105 shown in FIG. 4C is different from the structure shown
in FIG. 4A in the following points: the outputs of the s matching circuits (EXNORs) 147 are
not inputted to the AND circuit 148 but inputted to a first NAND 149a and a second NAND
149b, and outputs of the first NAND 149a and the second NAND 149b are inputted to a NOR
150; and an output of the NOR 150 is the output 106. Since the other portions are the same
as those in FIG. 4A, description thereof is omitted. The first NAND 149a determines -

whether all of a first bit to a q-th (q is a natural number which is 1 or more and less than s) bit
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signals match in the s-bit output' 104A and the predetermined s-bit signal 144, When they
match, “0” is outputted and in the other cases, “1” is outputted The second NAND 149b

determines whether all of a (q+1)th bit to the s bit s1gnals match in the s- brt output 104 and - '

the predetermlned s-bit signal 144. When they match, “O” is outputted and in the other,
cases “1” 1s outputted. Thus, the NOR 150 outputs “1” when the s-bit output 104 and the
predetermmed s-bit signal 144 match and the NOR 150 outputs “0” in the other cases
[0043] .

| In the structure, shown in FIG. 4C, the AND 148 in FIG. 4A is -formed using a -

‘plurality of elements of the first NAND 149a, the second NAND 149b and the NOR 150.

, Accordmgly, in the structure shown in FIG. 4C the number of mput termrnals of each element

can be reduced Thus, layout can be facilitated when the determrnation c1rcu1t 105 is

actually manufactured.

[0044]

A structure shown in 'FIG.,'4D is-different from the structure. shown in FIG. 4C in that

the output-of the NOR 150 is outputted through the output control circuit 145. Since the

- other 'portions are the same as those in FIG..4C, description' thereof is omitted. The Output of

.i the NOR 150 and the output control 51gnal 146 are 1nputted to the output control circuit 145.

The output control c1rcu1t 145 controls whether the output of the NOR 150 is outputted as the ;

| output 106, depending on the ‘output control signal 146. Thus, the output 106 -can be kept

not to be outputted e)rcept when a"decision result of the received data signal'is outputted.

‘Therefore, such risk can be prevented that the output 106 becomes “0” during the calculation =
-of the CRC code or the like, and a circhit controlled using the decrsion result malfunctions.

. [0045]

In FIGS. 11A and 11B, the determination circuit 105 includes the AND circuit 148.
The circuit shown in FIG, ’.11A COrresponds to the case wheré the. s matching circuits
(EXNORs) 147 are eliminated in the circuit shown in FIG. 4A.

[0046]

In general, the received data signal is considered as data including its CRC code, and
it is known that when the CRC code is calculated, an obtained CRC code is a predetermined
signal regardless of the received signal. For example, FIG. 11A is an example of the case
where all bits of the predetermined s-bit signal 144 are “0”. At this time, in the case where

the received data signal has no error, all bits of a calculated CRC code are “0”. Accordingly,
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in the case where the recerved data 51gnal has no error all of signals- inverted w1th respect to

respectrve bit 51gnals of the calculated CRC code. are to be “17. Therefore the srgnals

1nverted with respect to the respectlve brt srgnals of the calculated CRC code are mputted to '

the AND 148 as the s-bit output 104, so that it is possible to determine whether each bit of the. |

-calculated CRC ‘code and each bit of the predetermmed s-bit srgnal 144 match. In the case"
-where each bit of the calculated CRC code and each bit of the predeterrnrned s-b1t srgnal 144

m,atch, 17 is outputted, and in the case where each bit _of the calculated CRC code and each ‘

bit of the pre_deterrnined s-bit signal 144 do not match, “0” is o'utp_utted.

[0047)

In addrtron FIG. 11B is.an example of the case where the predetermlned s-bit srgnal

144 is'a 12-bit srgnal of “111100000111” (descrrbed in order from a twelfth bit to a frrst b1t)

_ At this t1me in the case where the received data srgnal has no error, the calculated CRC code :
:1s “111100000111” (descrrbed in order from a twelfth bit to a f1rst b1t) Accordlngly, in the'

' 'case where the recelved data s1gnal has no error, all signals- 1nverted w1th respect to only a

fourth bit to an elghth b1t srgnals of the calculated CRC code (in FIG 11B an 1nvcrted srgnal

s ‘denoted by QB and a signal which is. not. 1nverted is denoted by Q) are to be “1”.

Accordrngly, by 1nputt1ng the srgnals 1nverted wrth respect to only the fourth bit -to the

erghth bit signals of the calculated CRC code to the AND 148 as the s-bit output 104, it 1sl -
,possmle to deterrmne whether each brt of the calculated CRC code and each bit of the |

predeterrmned s- -bit 51gnal 144 match In the case where each bit of the calculatedeRC code

“and each bit of the predetermrned s-bit srgnal 144 match, “17 is ‘outputted, and in the case .

where each b1t of the calculated CRC code and each bit of the predetermrned s-bit srgnal 144

- do not match, “0” is outputted
[0048]

FIG. 11C is an exarnple of the case where all bits of the predetermined s-bit signal

144 are “0” like in FIG. 11A. A difference from FIG. 11A is in that the AND 148 is formed

using a plurality of elements of the first NAND 149a, the second NAND 149b, and the NOR
150 similarly to FIG. 4C. |
[0049]

FIG. 11D is an example of the case where the predetermined s-bit signal 144 is a
12-bit signal of (111100000111) like in FIG. 11B. A difference from FIG. 11B is in that the
AND 148 is formed using a plurality of elements of the first NAND 149a, the second NAND
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'149b; and the NOR 150 similarly to FIG. 4C.

[0050]
- Note that in FIGS 11A to 11D 51mrlarly to FIGS. 4B and 4D, the output of the AND

148 may be prov1ded with the output control circuit 145.

[0051]

This'ernbodiment mode can be implemented freely combining with Embodiment-
Mode 1,
(Embodrment Mode 3)

[0052)

In thlS embodlment mode; a structure correspondmg to a standard of CRC16- CCITT

(also called CRC ITU-T) is descrrbed In the standard of CRC16 CCITT a generator-
. ‘polynomlal is denoted by X16+X12+X5 +1, and a CRC code has 16 b1ts that i is, s is 16. in the
-aforementloned embodlment modes.
| [0053] |
- 15

A structural example of a cyclic redundancy check circuit correspondlng to the

- standard of CRC16 CCITT is descnbed w1th reference to FIGS 6 and 7.
. [0054]

As shown in FIG. 6 the cyclic redundancy check c1rcu1t includes the first shrft’ _

'reglster SR 1, the second shift reglster SR 2 the third shlft regrster SR 3, the f1rst exclusive -

OR circuit EXOR 1, the second excluswe OR 01rcu1t EXOR 2, and the sw1tch1ng crrcult 101

' [0055]

The first shift register SR 1 hias five stages conn'ected'in' cascade, and outputs an

- inputted s1gnal having been delayed in synchromzat1on with the clock srgnal 152 from each
_stage. That is, an 1nputted srgnal is delayed and then outputted from each of the five stages
_connected in cascade. The output of s1gnals from the five stages is- performed in

_ synchronization with a clock signal 152. The second shrft register SR 2 has seven stages

connected in cascade, and outputs an inputted signal having been delayed in synchronization
with the clock signal 152 from each stage. That is, an inputted signal is delayed and then
outputted from each of the seven stages connected in cascade. The output of signals from
the seven stages is performed in synchronization with a clock signal 152. The third shift
register SR 3 has four stages connected in cascade, and outputs an inputted signal having been

delayed in synchronization with the clock signal 152 from each stage. That is, an inputted
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signal is delayed and then outputt'ed"from each of the four stages connected.in cascade. The

output of signals from the four stages‘is.perf()rmed in synchronization with a clock signal 152.

Each of the first exclusive OR cifcuit EXOR- 1 and the second exclusive OR circuit EXOR 2

calculates an exclus1ve OR of two 1nputted signals (correspondlng to a s1gnal 1nputted to A
and a signal inputted to B in FIG. 6). The data signal 131 the select signal 132, and the
output 103 of a fourth stage of the third shift regxster SR 3 are inputted to the switching circuit-
101, and one of the first 51gnal or the second signal is sw1tched in response to the select 31gnal_'

132 to be outputted The output 102 of the switching: c1rcu1t 101 is 1nputted to the f1rst stage

_‘of the first shift reglster SR 1. An output of a fifth stage ‘of the f1rst shlft register SR 1 and

the output 102 of the: sw1tch1ng c1rcu1t 101 are 1nputted to the f1rst exclusxve OR C1rcu1t

EXOR 1. An output (correspondlng to a 51gnal outputted from Y in FIG. 6) of the flrst

'excluswe OR circuit EXOR 1 is 1nputted to a first stage of the 'second shift reglster SR 2..
‘An output of a seventh stage of the second shift register SR 2 and the output 102 of the
' 'swuchlng circuit 101 are mputted to the second excluswe OR Cll'Clllt EXOR 2. An output '

(correspondmg to.a s1gnal outputted from Y in FIG. 6) of .the second excluswe OR c1rcu1t

-"EXOR 2 is inputted to a first stage of the third shift reglster SR 3
[0056]

The first si.g'nal is an eXclusive OR of thedata signal 131 'and theoutput of the fourth -

, _stage of the third sh1ft register SR 3, and the second signal. 1s “0”. Note that the second

s1gnal is not. llmlted as- long as the output of the flrst exclus1ve OR c1rcu1t EXOR 1is- -

equahzed with the output of the f1fth stage of the first shlft register SR 1 when the. second

signal is 1nputted to the f1rst excluswe OR circuit EXOR 1 and the output: of the second

exclusive OR circuit EXOR 2 is equalized w1th the output of the seventh stage of the second

_shift register SR __2.when the second s1gnal.1s inputted to the second exclusive OR circuit

EXOR 2.

- [0057]

FIG.6 shows a structural example in which a set-type D-type flip-flop circuit
(denoted by DFS in FIG. 6) is used for each of plural stages included in the first shift register
SR 1 to the third shift register SR 3. One set-type D-type flip-flop circuit DFS is a memory
circuit for storing a 1-bit signal and corresponds to one stage. Outputs of 16 set-type D-type
flip-flop circuits DFSs are a 16-bit CRC code. A shift register reset signal 154 is inputted to
set terminals (each denoted by XS in FIG. 6) of the 16 set-type D-type flip-flop circuits DFSs.
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W1th the shift regrster reset srgnal 154 before. startrng calculatlon of the CRC code,
1nformat10n stored in the 16 set- -type D -type flip-flop circuits DFSs can be initialized.
[0058]

| o Since a structure of the switching circuit 101 and an operation thereof are the same as
those of described in Embodrment Mode 1 with- reference to FIGS. 2 and 3, descr1pt1on."
thereof is omrtted here.
[0059]
_. | “Thus, in response to the standard of CRC16-CCITT, the cyclic redundancy check :
crrcurt (the CRC circuit) can sw1tch between the case where the CRC code correspondrng to
the recelved data signal is calculated and. the CRC code is outputted in parallel and the case
where the CRC -code correspondlng to the transmrtted data srgnal is calculated and the CRC

code is sequentlally outputted in serial.

[0060]-

In addition, the cyclic redundancy check circuit may have a deterrnrnatron crrcurt as
shown in FIG 7 Slgnals stored i in the first shift regrster SR 1to the thrrd shift regrster SR 3
in FIG 6 are inputted-to the determrnatron crrcurt as the 16 bit output 104 in parallel The S
determrnauon_ circuit outputs a different .s1gnal,1n response to wheéther. the 16 bit output 104

matches the predetermined 16-bit signal 144.

[0061]

Here, the receive data signal 1s consrdered as data 1nclud1ng 1ts CRC code and it is

: known that when the CRC code is calculated an obtamed CRC code is a predetenmned signal - -

regardless of the I'CCClVCd data 51gnal It is known that in the case .of the standard of

- CRC16-CCITT, a predetermmed 51gnal 1s “FOBS8” in hexadec1mal notat10n that is, “1111
,0000 1011 1000” (descrrbed in order from a srxteenth bit to a first blt) in blnary notation.

Then, srmrlarly to the structure of the determination CerUIt shown in FIG. 11D, signals
inverted with respect to only signals of the first bit to the third bit, a seventh bit, and a ninth
bit to a twelfth bit of the calculated CRC code are inputted to the first NAND 149a and the
second NAND 149b as the s-bit output 104. Therefore, as shown in FIG. 6; in the first shift
register SR 1 to the third shift register SR 3, an inverted output (QB) of the DFS is an output
in stages corresponding to the signals of the first bit to the third bit, the seventh bit, and the
ninth bit to the twelfth bit of the calculated CRC code, while a non-inverted output (Q) of the
DFS is an output in the other stages. Thus, in the case where each bit of the calculated CRC



10

" 15

20

25

30

WO 2007/034935 PCT/JP2006/318899
17

code and each bit of the predetermmed s-bit s1gnal 144 match “17 is outputted and ini the

“case where each b1t of the calculated CRC code and each-bit of the predetenmned s-bit signal

144 _donot match, “0” _1s outputted,. ‘Therefore,_i an error of the recelved data signal can be

determined._
[0062]
. Note that in the deter'rninatio‘n circuit "shoyyn in FIG. 7, the output of the NOR 150 is

'inputted to the output control ‘cir'cuit 145" The output of the output. control circuit 145 is the |

output 106 of the determrnatlon crrcu1t A structure of the output, control circuit 145 is -

'basrcally 51m11ar to the structures descrlbed in Embodrment Mode 2. w1th reference to FIGS |
4B ‘and 4D The output control circuit 145 in FIG 7:is. formed of a reset- type D type
~ flip- ﬂop circuit (denoted by DFR in FIG. 7). * An output reset srgnal 171 is 1nputted to a reset

terminal (denoted by XR in FIG 7) of the reset- -type D- type flip-flop circuit DFR

:Dependrng on the output reset srgnal 171, before the determ1nat10n crrcurt outputs a result, the
' output of the deterrmnatron _crrcurt_can be initialized.
[0063]" |

| Although an example -of the case correspondmg to the standard of CRC16-CCITT is -

N descrlbed in this embodrment mode, the. present 1nvent10n 1s not hmrted to this. - The. present

rnventron can be applred to a cychc redundancy check c1rcu1t corresponding to an arbrtrary ;

_standard._ ,

[0064]

ThlS embodiment mode can be 1rnplemented freely combrnrng with Embodiment . .
-Mode 1 and Embodrment Mode 2.
. (Embodiment Mode 4)

- [0065]

'In this embodiment mode, more specific structures of the selector 112 included in the

_ switching circuit 101 in FIG. 2, the set-type D-type flip-flop circuit DFS in FIG. 6, and the

reset-type D-type flip-flop circuit DFR in FIG. 7 are described.
[0066] '

FIGS. 8A and 8B show a structure of the selector 112. FIG. 8A shows a block
diagram of the selector 112 and FIG. 8B shows a circuit diagram corresponding to FIG. 8A.
The selector 112 includes two inverter circuits, six P-channel transistors, and six N-channel

transistors.
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[0067]
FIGS‘ 9A and 9B show a stnictuie of the set-type D-type flip-flop circuit DFS - FIG.

9A shows a block diagram of the set- type D-type flip- ﬂop c1rcu1t DFS and FIG. 9B. shows a
circuit dlagram correspondlng to FIG. 9A. The set- -type D-type flip- ﬂop circuit DFS_ '
includes three inverter circuits and Six: NAND circuits.
[0068]

- FIGS 10A and 10B show a structure of the reset type D- -type ﬂ1p flop c1rcu1t DFR .
FIG: 10A shows a block dlagram of the reset-type D- -type flip-flop 01rcu1t DFR, and FIG 10B ..

'shows a cncuit diagram correspondlng to FIG. 10A. The reset- type D- -type flip- ﬂop 01rcu1t
. DFR 1ncludes two inverter c1rcu1ts and Six NAND Cll‘CUl'[S "

" [0069]

This embodiment mode ‘can be implemented‘_fieely combining with Embodiine'nt

Modes 1'to 3.

' (Embodiment Mode 5)

[0070]"

In th1s embodlment mode, the case where. the cychc redundancy check - cncmts

.jdescrlbed 1n the aforementioned Embodiment Modes 1 to 4 are used for a semlconductor' :

dev1ce (heremafter also called a wireless tag) capable of commumcating data by w1reless :
commumcation and a wireless communication system usmg the semlconductor device is

described.

'[0071]

' FIG' 13A shows a s'tructureof a wireless communication system including a wireless

- tag 200 and a reader/writer 201 for commumcatlng data w1th the wireless tag 200 by w1reless l
,communlcation The w1reless tag 200 1ncludes an antenna 202, and a cncuit portlon 203

‘which transmits and receives 51gnals to/from the antenna 202, The reader/writer 201

includes an antenna 206 and a circuit portion 207 which transmits and receives signals
to/from the antenna 206. The wireless tag 200 and the reader/writer 201 communicate data
by transmitting and receiving a modulated carrier wave 190 (also called a wireless signal),
using the antenna 202 and the antenna 206. The circuit portion 203 includes an analog
portion 204 and a digital portion 205. The analog portion 204 transmits and receives signals
to/from the antenna 202. The digital portion 205 transmits and receives signals to/from the

analog portion 204.
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[0072]
FIG. 13B shows a structure of the analog portron 204 and the d1g1tal port1on 205

The analog portron 204 1ncludes a resonant capacrtor 501 a pass band fllter 502, a power

supply c1rcu1t 503, a demodulatron crrcurt 506, and a modulat1on circuit 507 The resonant' :
capacrtor 501 is- provrded SO. that the antenna 202 can easily receive a signal with a.
predetermmed frequency. The digital port1on 205 1ncludes a code ‘extraction circuit 301 a
code determination circuit 302 a cyclic redundancy check crrcult 303 a memory c1rcu1t 305,

'and a control circuit 304. -

~[0073]

The casé where the wrreless tag 200 receives data is described. Amodulated carrier
wave 1nputted from the antenna 202 from whrch norse is rernoved by the pass -band filter 502

1s 1nputted to the power supply circuit 503 and the demodulatron circuit 506 The power .

-' supply c1rcu1t 503 has a rectifier circuit and a storage capacrtor ~ The modulated carrier wave:
rnputted via the pass-band frlter 502 is rectlfred by the rectifier c1rcu1t and smoothed by the
'storage capacrtor In thlS manner, the power supply c1rcu1t 503 generates a DC voltage A
'DC Voltage 191 generated in the power supply ‘circuit 503 is supplred as a power supply ;
,voltage to each -circuit 1n the circuit portion 203 1ncluded in the w1reless tag 200 The
jmodulated carrier wave 1nputted via the pass band frlter 502 1s demodulated- by the.

,,-demodulauon cncult 506, and the demodulated srgnal 1S 1nputted to the digital. port1on 205. | _

An inputted. 51gnal from the analog portron 204;. that 1s a srgnal ‘which is made by‘ 3

- demodulating a modulated camer wave by the demodulatron circuit 506 is 1nputted to the . -
~ code extraction circuit 301, and a’code of the. s1gnal is. extracted ~An output of the code
- ‘extraction circuit 301 is 1nputted to the code determination crrcurt 302 and the extracted code
s analyzed The analyzed code is inputted to the cycl1c redundancy check circuit 303, and

~ an arithmetic processmg for 1dent1fy1ng a transmrssron error 1S performed Then the cychc

redundancy check circuit 303 outputs to the control crrcu1t 304 a decision result 192 of
whether the received data signal has an error.
[0074]

Next, the case where the wireless tag 200 transmits data is described. The memory
circuit 305 outputs a stored unique identifier 193 (UID) to the control circuit 304, in response
to a signal inputted from the code determination circuit 302. The cyclic redundancy check

circuit 303 calculates the CRC code corresponding to the transmitted data signal and outputs
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the 'CRC'code to the contr'o_l'civ_rcuit 304. The control circuit 304 adds the CRC code to the

transmitted data signal. The control circuit 304 encodes data in which the CRC code is

added to the .transmitted.da:ta,Signal., " In ‘addition, the control circuit 304 conve,rts'the L

encoded inforrnation into a ‘signal for modulating the carrier wave in response to a
predetermined modulation r.nethod., .The output of the control circuit 304 is inputted’ to the
nrodulation circuit 507 of the analog portion 204. ~ The modulation circuit . 507 -
load-modulates the carrier wave in Aresp‘onse to the inputte.d signal and outputs the carrier

wave to the antenna 202.

" [0075]

The frequency of a carr1er wave, the subcamer frequency, the data transmlssron rate

the encoding: method or the hke can be arbitrary dec1ded ~For example as for the frequency

ofa camer wave any of the followrng can be employed a subm1lllmeter wave of 300 GHz or

- more and 3 THz or less a m1111meter wave. of 30 GHz or more and less than 300 GHz a

mrcrowave of 3 GHz or more and less than 30 GHz an ultrashort wave of 300 MHz or more

‘and less. than 3 GHz a very short frequency of 30 MHZ or more and less ‘than 300 MHZ a

. short wave of 3 MHz or more and less than 30 MHz a med1um wave of 300 KHz or more and

less than 3 MHz a long wave of 30 KHz or more and less than 300 KHz; and a very long'

wave of 3 KHz or more and less than 30 KHz.

{0076]

This embodiment mode can be implemented freely com.b'inlinngith Embodiment

Modes 1 to 4.

~ [Embodiment 1]
. {0077)

In this embodiment, a specific structure of.a semiconductor device of the present
invention is described with reference to FIGS. 14A to 16B.
[0078] _

FIGS. 14A to 14D show a structural example of the antenna 202 in the
semiconductor device of the present invention. The antenna 202 is provided in two ways,
one of which (hereinafter called a first antenna installation system) is shown in FIGS. 14A
and 14C and the other (hereinafter called a second antenna installation system) is shown in
FIGS. 14B and 14D. FIG. 14C is a cross-sectional view along a line A-A’ of FIG. 14A, while
FIG. 14D is a cross-sectional view along a line B-B’ of FIG. 14B.
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‘[0079]

- According to the first antenna installation system, the antenna'202 is provided over a
substrate 600 over which a‘plura‘li't'y ‘_o‘f elements (hereinaftercalledlan element group ;.601) are
provided (see FIGS. 14A and l4C). A circuit (a circuit portion 203) other than the antennal
in the semiconductor device of the i)resent invention is'forrned of the clement group 601.
The element group 601 includes a ‘plurality of thin film tranSistors  Inthe shoWn structure a
conductlve f11m functioning as the antenna 202 is provrded in the same layer (over the same

1nsulat1ng surface) as.a wire whrch is connected to a source or drain of the thin film transrstor

'mcluded in the clement group 601 However the conductrve film functlomng as the antenna

: 202 may be provided in the same layer as a gate electrode 664 of the thm film trans1stor

included in the element group 601 or may be prov1ded over. an msulatrng film whrch is

provrded so as to cover the element group 601,

[0080].

Accordmg to the- second antenna mstallatron system, a ‘terminal port1on 602 is
provided over ‘the substrate 600 over which the element group 601 is prov1ded Then the
termmal portron 602 is connected to the antenna 202 wh1ch is formed over a substrate 610
which is drfferent from the substrate 600 (see FIGS. -'14B>,and 14D). 'In the shown structure,

a part of a wire connected to"a sourceor drainlo'f' the thin Afilm transistor included in the -

_element group 601 may be used as the termmal port1on 602. Then, the substrate 600 ‘is

attached to the substrate 610 over whrch the antenna 202 is provrded SO that the antenna 202

is connected to the terminal portron 602. A conductwe particle 603 and'a resin 604 are

provrded between the substrate 600 and the substrate 610 The antenna 202 is electrically

. connected to the terminal portron 602 with the conductlve part1cle 603

[0081]

The structure and manufacturing method of the element group 601 is described.
When a plurality of element groups 601 are formed over a large substrate and cut off to be
completed, an inexpensive element group can be provided. As the substrate 600, for
example, a glass substrate made of barium borosilicate glass, alumino borosilicate glass, or
the like, a quartz substrate, a ceramic substrate, or the like can be used. Alternatively, a
semiconductor substrate of which the surface is provided with an insulating film may be used.
A substrate made of a flexible synthetic resin such as plastic may also be used. - The surface

of the substrate may be planarized by polishing using a CMP (Chemical Mechanical
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Polrshmg) method or the l1ke A substrate which is thmned by. pohshrng a glass substrate a
quartz ‘'substrate, or a semlconductor substrate may be used as well.
[0082] |

As a base layer 661 formed over the substrate 600' an insulating film made of silicon
0x1de srllcon nitride, srhcon n1tr1de ox1de (SrO Ny or SrN «Oy; note that x > y) or the l1ke can’
be used The base layer 661 can prevent an alkah metal such as Na or an alkaline earth’
metal contarned in the substraté 600 ‘from. being- diffused i in a semlconductor layer 662 and

adversely affectmg the character1st1cs of the thin film transistor. Although the base layer 661 -

‘shown in FIGS. 14C and 14D has a smgle layer structure it may have a two or more layer

‘structure Note that if the drffusron of impurities is not a serlous problem such as in a quartz

substrate, the base layer 661 1s not necessanly provrded
[6083]
Note that the surface of the substrate 600. ‘may. be directly processed by high densrty

plasma " The hrgh densrty plasma is generated usmg a high frequency wave, for example

245 GHz. H1gh density plasma w1th an electron dens1ty -of 101 ! to 10%/cm?, an electron

temperature of 2eV or lower ‘and an ion energy of 5 eV or lower is used Slnce such high

’densrty plasma featurmg a low electron- temperature has low krnetrc energy of active specres
a film with less plasma damage and defects can ‘be formed compared to that formed by a:

.conventlonal plasma treatment. Plasma can be generated usrng a plasma processing

apparatus utlllzrng hlgh frequency excrtatron whrch employs a radral slot antenna. The

distance between the antenna whrch generates a high frequency wave and the substrate 6_00 is .

20°to 80 mm- (preferably, 20 to 60 mm)

- [0084]

The surface of the substrate 600 can be n1tr1ded by performrng the high density

-plasma treatment in a nitrogen atmosphere for example an atmosphere contalnlng nitrogen

. (N) and a rare gas (containing at least one of He, Ne, Ar, Kr, and Xe), an atmosphere

containing nitrogen, hydrogen (H), and a rare gas, or an atmosphere containing ammonium
(NH3) and a rare gas. When the substrate 600 is made of glass, quartz, a silicon wafer, or the
like, a nitride layer formed over the surface of the substrate 600, which contains silicon nitride
as a main component, can be used as a blocking layer against impurities diffused from the
substrate 600 side. A silicon oxide film or a silicon oxynitride film may be formed over the

nitride layer by a plasma CVD method to be used as the base layer 661.
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-[0085]

When similar high density plasma treatment is applied to the surface of the base layer

661 made of silicon oxide, sﬂlcon oxynrtrlde or the lrke the. surface and a région with a depth

of 1to 10 nm from the surface can be mtrrded This extremely th1n srlrcon nitride layer is
favorable since it functions as a blockmg layer and.has less stress on the semiconductor layer' '

662' formed thereover,

[0086]

As the semiconductor layer 662, an island- shaped crystallrne semrconductor frlm or

an- island- shaped amorphous semrconductor film can be used. - Alternatrvely, an organrc

semrconductor frlm may be used A crystallrne semrconductor fllm can be obtarned by

‘crystalhzmg an amorphous sem1conductor film. A laser crystallrzatron method; a thermal

crystalhzat1on method usmg RTA (Rapld Thermal Anneal) or an anneahng fumace a thermalr

‘crystalllzauon method using a metal element which promotes crystallrzatron or the 11ke can

'be used as the crystalhzatron method The semrconductor layer 662 1ncludes a.channel

formlng regron 662a and a parr of 1mpur1ty reglons 662b to wh1ch an 1mpur1ty element

. Armpartmg conductrvrty is added. Shown here is.a structure where low concentratron
a ‘1mpur1ty reglons 662c to: Wthh the impurity element is added at a lower concentratron than to
“the’ 1mpur1ty regrons 662b are- prov1ded between the channel fonnlng region 662a and the pa1r:

of 1mpur1ty reg1ons 662b; however the present mventron is. not limited to thls The low

concentratlon 1mpur1ty regions 662c are not necessarily provr_ded.

[0087)

Note- that a wire which is formed at ‘the same time as the semiconductor layer 662 is

- preferably led so- that corners are rounded when- seen from a d1rect1on perpendrcular to the top

.surface of the substrate 600. FIGS. 16A and 16B are schematlc views each showrng the

method to lead the wire. In FIGS. 16A and 16B, a drrectron 3005 perpendrcular to. the top
surface of the substrate 600 is shown. A wire 3011 denotes the wire which is formed at the
same time as the semiconductor layer. FIG. 16A shows a conventional method to lead a wire.
FIG. 16B shows a method of the present invention to lead a wire. Comers 1202a are
rounded as compared to conventional corners 1201a. The rounded comers can prevent dust
or the like from remaining at the corners of the wire. As a result, defects of a semiconductor
device caused by dust can be reduced and the yield can be improved.

[0088]
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An 1mpur1ty element whrch imparts conductivity may be added to the -channel
forming region 662a of the thin film transistor. In this manner; a threshold voltage of the
thiri film trans_istor can be controlled.

[0089]

A first insulating layer 663 can have a single layer or a staek'of a plurality of films
made of silicon oxide, silicon_.nitrid'e, silicon nitride oxide ('S'iO,;N‘y.‘ or SiN,O,; note that x'> ¥),
or"the like. In this case, the surface of the first insulating laye'r 663 ‘may be processed by
hlgh densrty plasma -in an’ oxygen atmosphere or a nitrogen: atmosphere thereby bemg.

oxidized or n1tr1ded to be den31fred The high densrty plasma is generated usmg a high

_frequency ‘wave, for example 2, 45 GHz, .as descrlbed above Note that h1gh densrty plasma

w1th an electron dens1ty of 10" to 1013/cm an electron temperature of 2 eV or lower, and an

ion energy of 5 ev or lower 1s used Plasma can be generated usmg a plasma processmg

apparatus utilizing h1gh frequency excitation, whlch employs a radial slot antenna In the

apparatus for generating hrgh densuy plasma, the ‘distance between the antenna which

generates a hrgh frequency wave and the substrate 600 is 20 to 80. mm (preferably, 20 to 60

[0090]

Before forming the first insulatlng layer 663, the high.density plasma treatment may-

:be -applied to the surface of the semrconductor layer 662 SO’ that the surface of the .

semlconductor layer. i is ox1dlzed or. mtrlded - At this time, by performmg the treatment in an
oxygen atmosphere ora n1trogen atmosphere w1th the substrate 600 at a temperature of 300 to -
450 °C a favorable 1nterface w1th the first msulatmg layer 663 ‘which is formed over the

semiconductor layer 662 can be obtained.

- {0091].

As the nitrogen atmosphere, an atmosphere containing nitrogen (N) and a rare gas
(containing at least one of He, Ne, Ar, Kr, and Xe), an atmosphere containing nitrogen,
hydrogen (H), and a rare gas, or an atmosphere containing ammonium (NH;) and a rare gas
can be used. As the oxygen atmosphere, an atmosphere containing oxyglen (O) and a rare
gas, an atmosphere containing oxygen, hydrogen (H), and a rare gas, or an atmosphere
containing dinitrogen monoxide (N,O) and a rare gas can be used.

[0092] '

The gate electrode 664 can be formed using one element selected from Ta, W, Ti, Mo,
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Al; Cu,' Cr, or Nd, or an alloy or a compound containing a plurality of the al)\oveQdescribed

elements. Furthermore the gate electrode-664 may have a single layer structure or a

stacked layer structure made of the above-described elements or an alloy or a compound -

thereof. In FIGS. 14C and 14D the gate electrode 664 has a two- layer structure. - Note that

: the gate electrode 664 and a wire whrch is formed at the same time as'the gate electrode'664‘ '

-are preferably led so that comers thereof are rounded ‘'when seen from the *direction

perpendrcular to the top surface of the substrate 600 The ‘gate. electrode 664 and the wire

can be led in the same manner as that shown in FIG. 16B The gate electrode 664 and a wire -

_3012 which i is formed at the same tlme as the gate electrode 664 are shown in the drawmgs

When comers 1202b are rounded as compared to corners 1201b dust or the hke can be
prevented from remammg at the corners of the wrre. As a result defects of a semlconductor
deyice caused by dust can be reduced and the yield can be 1mproved. _
[0093]

| A thin frlm transistor is formed of the sem1conductor layer 662, the gate electrode
664, and the f1rst 1nsulat1ng layer 663 functronrng as a gate msulatmg film between the'

semlconductor layer 662 and the gate electrode 664 In this embodrment the thin film

.trans1stor has a top gate- structure however, it may be a bottom gate transistor having a gate
'electrode under the semiconductor layer ora dual gate transrstor havmg gate electrodes over;

and under the semiconductor layer.

[0094]
A second insulating layer 667 is desuably an insulating film such as a SlllCOD nitride.

f11m which has barrier propertres to block i 1on impurities. - The second 1nsulat1ng layer 667 is

Amade of silicon n1tr1de or silicon oxymtrlde ~ The second 1nsulat1ng layer 667 functions as a

, protectlve film to prevent contammatlon of the semiconductor layer 662 After depositing

the second insulating layer 667 hydrogen gas may be 1ntroduced and the aforementioned high

~ density plasma treatment may be applied, thereby hydrogenating the second insulating layer

667. Alternatively, the second insulating layer 667 may be nitrided and hydrogenated by
introducing ammonium (NHj3) gas.  Otherwise, oxidization-nitridation treatment and
hydrogenation treatment may be performed by introducing oxygen, dinitrogen monoxide
(N,0) gas, and the like together with hydrogen gas. By performing nitridation treatment,
oxidization treatment, or oxidization-nitridation treatment in this manner, the surface of the

second insulating layer 667 can be densified. As a result, the function of the second
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1nsulat1ng layer 667 as a protectrve film can be enhanced Hydrogen 1ntroduced into the

second 1nsulat1ng layer 667 i is dlscharged when thermal treatment is apphed at a temperature

of 400 to 450 °C, thereby hydrogenatmg the semrconductor _layer 662. Note -that th‘e.

hydrogenation treatment may be perform'ed in combination with hydrbgenation‘treatment. |

'usmg the first insulating layer 663.

[0095]

A th1rd msulatmg layer 665 can have a s1ngle layer structure or a stacked layer

structure of an 1norganrc 1nsulatmg film- or an. organrc 1nsulat1ng film. As the. morgamc :
'msulatmg f11m a silicon oxide film formed by aCVD method a S1l1con oxrde film formed by

an. SOG (Spm On Glass) method or the like can be used. As the orgamc 1nsulat1ng frlm a‘

film made of polyrmlde polyamlde BCB (benzocyclobutene) acryhc a posmve

photosensmve Organic resin, a negatrve photosensrtlve organic resm or the like can be used

0096

The thrrd 1nsulat1ng layer 665 may be’ made of a material’ havmg a skeleton structure

: formed of a. bond of silicon’ (Sl) and oxygen (0). An orgamc group contammg at least

“hydrogen (such as an alkyl group and aromatlc hydrocarbon) is.used as a substituent. of this

materral Alternatrvely, a fluoro group may be used as the: substltuent Further altematrvely,
a fluoro group ‘and an organic group contalmng at least hydrogen may be used as the
substrtuent
[0097]

A wire 666 can be formed using one element selected from Al, Ni, W, Mo, Tj, Pt, Cu,

" Ta, Au, or Mn, or an alloy contammg a plurahty -of the above dCSCI'led elements. The wire
- 666 can have a smgle layer structure or a stacked-layer structure of the element or the alloy.
.In FIGS. 14C and. 14D, a single layer structure is shown as an example. Note that the wire

-666 is preferably led so that corners thereof are. rounde_d when seen from the direction

perpendicular to the top surface of the substrate 600. The wire can be led in the same
manner as that shown in FIG. 16B. The wire 666 is denoted by the wire 3013 in the
drawings. When corners 1202c are rounded as compared to corners 1201c, dust or the like
can be prevented from remaining at the comers of the wire. As a result, defects of a
semiconductor device caused by dust can be reduced and the yield can be improved. The
wire 3013 is connected to the wire 3011 by contact holes 3014. In the structures shown in

FIGS. 14A and 14C, the wire 666 functions as a wire connected to the source or drain of the
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thin frlm transistor and as the antenna 202 In the structures shown in FIGS. 14B and 14D,

the wire 666 functrons as. the wire connected to the source or drain of the thin film transistor

and as a terminal portion 602.

[0098]
The antenna 202 can also be formed by a. droplet discharge method using a'’

conductlve paste. contammg nano pamcles such as Au Ag, and Cu. The droplet drscharge‘

rmethod isa collectlve term for a method for formmg a pattern by drschargmg droplets such

as an ink ]et method and a d1spenser method whrch has advantages in that the utrlrzatron

. 'effrcrency ofa materral 1s 1mproved and the like.

[0099]

In the structures shown in FIGS. 14A and 1’4C a fourth insulating layer 668 is

Aforrned over the wire 666 The fourth 1nsulat1ng layer 668 can have a srngle layer structure
or a stacked layer structure of an 1norgamc 1nsu1at1ng frlm 6r an orgamc 1nsulat1ng film. The
‘fourth insulating layer 668 functions as a protectrve layer of the antenna 202.

{0100}

Although the element group 601. may use the. one formed over the substrate 600 (see

FIG. 15A) as it is, the element group 601 over the substrate 600 may be peeled off (see FIG@

-15B) and the element -group - 601 may. be attached to a ﬂexrble substrate 701 (see FIG. 15C).

The' flexible substrate 701 has ﬂex1b111ty, and - for example, a plastic substrate such as ‘

p'olyc.arbonate,' pollyarylate, andpolyethe_rsul‘fone, a ceramic 's_ubs'tra'te,' or the like can b'e'use:d.

~[0101]

As a method for peeling ‘the'element group 601 from the substrate 600 any of the

following can be used: (A) a method in whrch apeeling layer is prov1ded in advance between

.the substrate 600 and the. element group 601 and the peellng layer is removed by an etchant

B) a method in which the peelrng layer is part1ally removed by an etchant and then the
substrate 600 and the element group 601 are peeled physically; and (C) a method in which the
substrate 600 with high heat resistance over which the element group 601 is formed is
eliminated mechanically or removed by etching with a solution or gas so that the element
group 601 is peeled. Note that “to be peeled by a physical means” denotes that to be peeled
by applying stress from outside, for example, to be peeled by applying stress from a wind
pressure of gas sprayed from a nozzle, an ultrasonic wave, or the like.

[0102]
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Asa specrfrc method of the aforementloned (A) or (B) a method in whrch -a metal

oxide film is provrded between the substrate 600 with high heat re51stance and the element

group 601, and the metal ox1de frlm is weakened by crystalhzatron to peel the element group‘

601 can be used As another example of more specific method of the aforement1oned (A)or

(B) a method in which an amorphous s1l1con film contammg hydrogen is provrded between

the substrate 600 with high heat resrstance and the element group 601, and the amorphous‘

sxlrcon film is removed by irradiation wrth a laser beam or etching so that the element group

601 is peeled can be used

0103

In addrtlon to attach the peeled element group 601 to the ﬂexrble substrate 701 a

- commercial adhes1ve may be used and for example an adhesrve such as an epoxy resm-based

adhesive or a resin additive may _be-u_sed.

_{0104]

By attaching the element. group 601 to the flex1ble substrate 701 over which the

antenni is formed. and electrrcally connectmg the element group 601 and the antenna a th1n

fand hght semrconductor dev1ce whrch is not easﬂy broken even when fallen to the ground, is
'obtamed (see FIG. 15C) When an 1nexpensrve ﬂexrble substrate 701 is.used, an 1nexpensrve.
‘semlconductor device .can be provrded Furthermore the ﬂex1ble substrate 701" having

A,ﬂexrbrlrty can be attached to a curved surface or an 1rregular-,shaped substance, which realizes

various kinds of usage : For'ei(ample the wireless tag 200 as one mOde'of a semiconductor

: dev1ce of the present 1nventron can be attached to a curved surface such as a med1c1ne bottle
. (see FIG 15D) Furthermore when the substrate 600 is reused, a-semiconductor device can
" be manufactured at low cost.

[0105]

"The element group 601 can be sealed by covering with a film. The surface of the
film may be coated with silicon dioxide (silica) powder. The coating allows the element
group 601 to be kept waterproof in an environment of high temperature and high humidity.
In other words, the element group 601 can have moisture resistance. Moreover, the surface
of the film may have antistatic properties. The surface of the film may also be coated with a
material containing carbon as its main component (such as diamond-like carbon). The
strength can be enhanced by coating, and degradation or destruction of a semiconductor

device can be suppressed. Alternatively, the film may be formed of a base material (for
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example, resin) mixed with silicon: dioxide, a conductive material, or a material containing

carbon as’its main 'comp'onent;, In addition, a surface active agent may be provided on the

surface of the film, or direCtly 'ad:d'ed into’ the film, ‘sou-'t-hat the film can have antistatic .

properties.
[0106]

| This embodiment can be implemented freely combining with the above-described:
embodiment modes'.
[Embodiment 2]
o107

In this embodiment' an example in which a semiconduc':tor de’vice of the present’

invention has a ﬂex1ble structure is descrlbed w1th reference to FIGS. 17A to 17C. In FIG'

174, a semrconductor dev1ce of the present invention 1nc1udes a flexrble protective layer 901

‘a ﬂex1ble protectlve layer 903 1nclud1ng an antenna 902 (correspondrng to the antenna 202) '

and an element group 904 formed by a peelmg process ‘or thrnmng of a substrate "The

-element group 904 can have a s1m11ar structure to the element group 601 described in the
'Embodlment 1. The antenna 902 formed over the protectlve layer 903 is- electncally
'connected to the element group 904. 'In FIG. 17A the antenna 902 is formed only over the‘
:protectrve layer- 903 however the present 1nvent10n is not hm1ted to, this structure and the :

,antenna 902 may be formed over the protectlve layer 901 as well. Note that a barr1er film

made of a silicon nrtrrde frlm or the 11ke may be fonned between the element group 904 and
each of the protective: layer 901 and the protectrve layer 903. Asa result contamination of
the element -group 904 can be prevented which leads to a sem1conductor device with

improved rellab1l1ty.

[0108]

The antenna 902 can be formed of Ag, Cu, or a metal plated with Ag or Cu. The
element group 904 and the antenna 902 can be connected to each other using an anisotropic
conductive film and applying ultraviolet treatment or ultrasonic wave treatment. Note that
the element group 904 and the antenna 902 may be attached to each other using a conductive
paste or the like.

[0109]
By sandwiching the element group 904 between the protective layer 901 and the

protective layer 903, a semiconductor device is completed (see arrows in FIG. 17A).
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[0110]

FIG 17B shows a cross sectronal structure of the thus formed semiconductor.device.

A thrckness 3003 of the element group 904 which 1s sandw1ched is 5 pm or less, and

preferably 0.1to 3 pum. Furthermore when the protectlve layer 901 and the _protective layer,
903 which overlap each other have a th1ckness of d, each of the protectrve layer 901 and the’
protectrve layer 903 preferably has a thrckness of (d/2) + 30 pm, and more preferably (d/2) +
10 pum. -In addrtlon each of the protectrve layer 901 and the protectrve layer 903 desirably

has a thickness of 10 to 2QO um.. The element group 904 has an area of 10 mm square ‘(100
m_mz) or smaller, and desirably 03 to 4 mm square (0.09 to 16 mmz);

- [0111]

Each of the protectiy'e layer 901 and the protective layer 903 is made of an organic

resin materral and thus has hrgh resistance: against bendmg The element group 904 which

is, formed by a peelmg process or thinning of a substrate also has higher resistarice agamst

bendrng compared to a single - crystal semrconductor Srnce the element group 904, the
protectrve layer 901, and the protectwe layer 903 can be trghtly attached to each other wrthout

any space a completed semrconductor dev1ce itself also has hrgh resrstance agarnst bending.

,The element group 904 surrounded by the protectrve layer 901 and the protectrve layer 903
'may be prov1ded overa surface of or 1n51de of another ob]ect or embedded in paper.

{0112]

‘The case where a semiconductor device including theelernent .group 904 is attached
to a substrate havrng a curved surface is described with reference to FIG. 17C FIG 17C-

shows one transistor 981 selected from the element group 904 In the trans1stor 981, a

- current flows from one 905 of a source and a drain to the other 906 of the source and the drain

" in response to a potential of a gate electrode 907.. The transistor 981 is provrded so that a

direction 3004 of the current ﬂow in the transrstor 981 (carrier movement drrectlon) and the
direction of the arc of a substrate 980 cross at right angles. With such an arrangement, the
transistor 981 is less affected by stress even when the substrate 980 is bent to be an arc, and
thus variations in characteristics of the transistor 981 included in the element group 904 can
be suppressed.
[0113]

This embodiment can be implemented freely combining with the aforementioned

embodiment modes and Embodiment 1.
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[Embodiment 3]
[0114]

This embodiment showsv a structural example of a vtransis_tor used in a circuit which
constitute's'a semi'condu-ctor device of the present inventiOn “The transistor may be a MOS
tran81stor formed over a single crystallrne substrate, or a thin fllm transistor (TFT) as well.
FIG 20 shows a Cross- sectronal structure of such transrstors constrtutmg a circuit. * FIG.-20 -
shows an N-channel tranS1stor 2001, an N-channel transistor 2002, a capacitor 2004, a resrstor

2005 and a P channel transrstor 2003 . Each of the transistors includes a semrconductor

_layer 4405, a gate rnsulatmg layer 4408 and a gate electrode 4409. The gate electrode 4409

has a stacked -layer structure of a first conductlve layer 4403 and a second conduct1ve layer

‘ 4402 FIG. 21Ais a top view correspondrng to the N- channel transistor 2001 shown in FlG
20. FIG 21B isa top v1ew correspondmg to the N- channel tran51stor 2002 shown in FIG 20
FIG. 21C isa top view correspondmg to the capacrtor 2004 shown in FIG 20. FIG. 21D is a |
‘top view correspondlng to the res1stor 2005 shown in FIG. 20. " FIG. 21E is a top view .

correspondmg to the P- channel tran51stor 2003 shown in FIG. 20. FIGS 21A to 21E can also
be referred to along with FIG. 20.
[0115]

I FIG. 20, the N-channel transistor 2001 has lightly doped drain(LDD) regions on

Aboth sides of a channel forming reglon 1n the semrconductor layer 4405. The LDD regions A

are impurity nglOl'lS 4407 to which an 1mpur1ty 1mpart1ng N- type conduct1v1ty is doped ata
lower concentratron than to a source reglon and a drain region (impurity regrons 4406) which
are in. contact ‘with w1res 4404 In the case of formmg the N- channel tran51stor 2001, the
impurity regions: 4406 and the 1mpur1ty reglons 4407 are added wrth an 1mpur1ty 1mpart1ng'
N-type conductrvrty, such as phosphorus ‘The LDD regions are formed to suppress hot

electron degradanon and short channel effects.

- [0116]

As shown in FIG. 21A, in the gate electrode 4409 of the N-channel transistor 2001,
the first conductive layer 4403 is provided on both sides of the second _conductive layer 4402.
In this case, the thickness of the first conductive layer 4403 is smaller than that of the second
conductive layer 4402. The first conductive layer 4403 is formed to have such a thickness
that ion species accelerated with an electric field of 10 to 100 kV can pass through. bThe

impurity regions 4407 are formed to overlap the first conductive layer 4403 of the gate



10

15

.20

25

30

WO 2007/034935 PCT/JP2006/318899

32

electr()de 4409. In other words; the VLDVD regions overlapping the gate electrode 4409 are

p'rovided ~ The impurity regions 4407 are formed in a self-alignment manner by adding an

_impurity of one conductrvrty type to the semrconductor layer 4405 through the first

conductrve layer 4403 using the second conductive layer 4402 as a mask. That is, the LDD '

regions overlappmg the gate electrode are formed ina self—alrgnment manner.

[0117]

- A transistor having LDD regions on both sides of the channel forming region- in the
semrconductor layer is applred to a transrstor constrtutmg a transmrssron gate (also called an

analog sw1tch) ora transrstor used in a rectifier crrcurt in the power supply circuit 503 shown

'm FIG 13B Such a transrstor preferably 1ncludes LDD regrons on both sides of a channel

formmg reglon in the semrconductor layer, srnce posrtrve and negative voltages are applred to
source and drain’ electrode_s._
[0118]

In FIG. 20, the N-channel transistor 2002 has an impurity regron 4407 formed on one
side- of the channel formmg regron in the semrconductor layer 4405. To the 1mpur1ty regron |

4407 an 1mpur1ty element imparting conductlvrty is. doped at'a lower concentration than to

'the 1mpur1ty regrons 4406 ~ As shown in FIG 21B -in the gate electrode 4409- of the
-N-channel transrstor 2002, the first conductrve layer 4403 is provided on one side of the:

:.seco_nd conductive layer 4402._ In thls case also, the LDD region can be formed in. a

selanl’ignment jmannervby adding_ an 'imp'urity of one"conductivity type through the first
conductive layer 4403 using the second conductive layer 4402 as a mask.
[0119]

A transrstor having an LDD regron on one side of a channel- formmg region in a

.'semiconductor layer may be applred to a transistor in which only one of a posrtrve Voltage ora

- negative voltage is applied between source and drain electrodes Spec1frcally, the transistor

having an LDD region on one side of a channel forming region in the semiconductor layer
may be applied to a transistor constituting a logic gate such as an inverter circuit, a NAND
circuit, a NOR circuit, and a latch circuit, or a transistor constituting an analog circuit such as
a sense amplifier, a constant voltage generating circuit, and a VCO (Voltage Controlled
Oscillator).
[0120]

In FIG. 20, the capacitor 2004 has a structure in which the gate insulating layer 4408
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is sandw1ched between the first conductrve layer 4403 and the semrconductor layer 4405.

The semlconductor layer 4405 of the capacrtor 2004 mcludes .impurity regions 4410 and an

»1mpur1ty reglon 4411. The 1mpur1ty region 4411 is formed in the semiconductor layer 4405

SO as to overlap the f1rst conductlve layer 4403 The 1mpur1ty region 4410 is in contact with

the wire 4404 Since an: rmpurlty of one conduct1V1ty type- can be. added to the 1mpur1ty'

-reglon 4411 through the frrst conductrve layer 4403 the’ impurity reglon 4410 and the

1mpur1ty regron 4411 may- contam the same concentratron of 1mpur1ty or . drfferent'

-concentratrons of 1mpur1ty "In any case the semrconductor layer 4405 of the capacrtor 2004
: 'functrons as an electrode therefore 1t is preferable that an impurity of one conductlvrty type
. be added to the semrconductor layer 4405 to reduce the. resrstance thereof The . flrst

_conductrve layer 4403 and the second conductrve layer 4402. can effectlvely function as an

electrode by utrhzmg the second conductrve layer 4402 as an auxrhary electrode as shown in

'FIG 21C Such a composrte electrode structure combmmg the first conductrve layer 4403

and ‘the second conductrve layer 4402 allows the capacrtor 2004 to be formed in a
self—alrgnment manner
[0121]

"The -capacitor 2004.can be used as the storage capacitor of the power supply-circuit’

503, the resonant capacitor 501, or the capacitOr of theldemodulation'circuit 506, which are.

,shown in FIG. 13B. In partlcular the resonant capacrtor 501 is requrred to functlon as.a
. capacitor regardless of a posrtrve or negatrve voltage apphed between two terminals of the

' capacrtor, since both posmve and negative voltages are applied between the two terminals of

the capacitor: -

,[0122]

In FIG. 20, the resistor 2005 1ncludes the first conductrve layer 4403 (see also FIG.

.21D). The first conductwe layer 4403 is formed to have a thickriess of approxrmately 30-to

150 nm; therefore, the resistor can be formed by appropriately setting the width and length
thereof. |
[0123]

The resistor can be used as the resistance load of the modulation circuit 507 shown in
FIG. 13B, as well as the resistor of the demodulation circuit S06 shown in FIG. 13B. Further,
the resistor can be used as the load in the case of controlling a current by a VCO or the like.

The resistor may be formed of a semiconductor layer containing a high concentration of an
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impurity elem-ent,,or‘a ‘thin metal layer. ‘While the resistance of a semiconductor layer
depends on the film thickness' film Quahty', impurity concentration activation rate, and the
llke the resistance of a metal layer is determmed by the fxlm tthkIlCSS and film quahty and
has few varxatlons, which is preferable

[0124]

" In FIG. 20, the P channel transrstor 2003 1ncludes the semiconductor layer 4405

-provxded with, 1mpunty regions 4412 The 1mpur1ty reglons 4412 function as source. and

draln reglons which are in contact w1th the wire 4404.  The. gate electrode 4409 has a

structure in wh1ch the flrst conductlve layer 4403 and the second conductlve layer 4402

,overlap each other (see also’ FIG. 21E) The P- channel tran51stor 2003 is a transistor with a

single" drain ‘structure in whrch an LDD region is not prov1ded When the . P- channel

transistor 2003 is formed an- 1mpur1ty which 1mparts P-type conduct1v1ty, such as boron 1s.

:added to the 1mpur1ty reglon 4412. On the other hand, when phosphorus is added to the

1mpur1ty Tegion 4412, an N-channel.translstor with a single drain structure can be obtained.
[0125]
‘One .or both of the semiconductor layer 4405 and the gate msulatmg layer 4408 may

be ox1dlzed or n1tr1ded by high densny plasma treatment Thls.treatment can be performed

',1n a similar manner to that descrlbed in Embodlment 1

[0126]

Accordmg to the aforementioned treatment the defect level in the 1nterface between

* the semiconductor layer 4405 and the gate msulatmg layer 4408 can be reduced. When this

 treatment is apphed. to the.gate rnsulatmg layer. 4408, the gate msulatmg layer 4408 can be

. densified. In-other words, 'generation of charged defects can be suppressed, and variations in’
_ threshold v_ohage ,of the transistor can be suppressed. 'When.-the transistor is driven with a

_voltage of 3 V or lower, an insul’ating layer which is oxidized or nitrided ‘by the. plasma

treatment can be used as the gate insulating layer 4408. If the driving voltage of the
transistor is 3 V or higher, the gate insulating layer 4408 can be formed by combining an
insulating layer formed over the surface of the semiconductor layer 4405 by the plasma
treatment and an insulating layer deposited by a CVD method (a plasma CVD method or a
thermal CVD method). In addition, the insulating layer may also be used as a dielectric
layer of the capacitor 2004. In this case, the insulating layer formed by the plasma treatment

is a dense film with a thickness of 1 to 10 nm; therefore, the capacitor 2004 with large charge
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capacity can be obtained. -
[0127) |

As described vyith reference to FIGS. 20 to 21E, the elem'ents with various structirr_es
can be formed byvcombining conductiye layers with different thicknesses. A region where

only the frrst conductive layer is formed and a regron where the first conductlve layer.and the.

second conductlve layer are stacked can be formed using a photomask or a retrcle provrded

W1th a diffraction gratmg pattern or- an auxiliary pattem havmg an optical 1nten51ty reducmg

,funct1on formed of a semrtransparent f11m That is, in a photollthography process, the
- quantlty of transmitting 'lrght of the photomask is controlled in eprSmg the photoresrst SO
.that the thrckness of a resrst mask to be developed 1s changed In this case, a slit'at' the

resolutlon 11m1t or less may be ‘provided in the’ photomask of the reficle to form the
-_ above described . re51st hav1ng the complex shape In addltron by baking at about 200 °C
' after developmg, a mask pattem made from a photoresrst mater1a1 can be changed in shape.

'b[0128]

In addltron by using the photomask or the retlcle Wthh is provrded with a diffraction

grating pattern or-an auxrllary pattern having an optlcal 1ntenS1ty reducrng function formed of

a semltransparent f11m the regron where only the frrst conductrve layer is formed and the

regron where. the frrst conductive layer and the second conductrve layer are stacked can be'

formed in success1on., As ~shown in FIG. 21A, the 4regron where only the frrst conductrye

layer is formed can be- formed selectively over the semi'c'onductor'l'aye'r' Such a region is

effective over the semiconductor layer but is not. requrred in the other region (a wire regron

which is successrve to the gate electrode) Since the regron where only the first conductive

’layer is formed is not requlred to be formed in the wire portron by using thrs photomask or

ret1cle wire densrty can be 1mproved substantially.
[0129] '

In the case of FIGS. 20 to 21E, the first conductive layer is formed to have a
thickness of 30 to 50 nm using a high melting point metal such as tungsten (W), chromium
(Cr), tantalum (Ta), tantalum nitride, or molybdenum (Mo), or an alloy or a compound
containing the high melting point metal as its main component. In addition, the second
conductive layer is formed to have a thickness of 300 to 600 nm using a high melting point
metal such as tungsten (W), chromium (Cr), tantalum (Ta), tantalum nitride, or molybdenum

(Mo), or an alloy or a compound containing the high melting point metal as its main
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cornponent.' For example, the first conductive layer and the second conductiye layer are-
made _'o_f different conductive materials 'so as to have a difference._in etching rate -in thé-
subsequent etching‘ step. | The flrst conductive layer and th’e.secon'd conductive layer may be
made_of, f'o.r. example?_ tantalum‘nitride and tungsten, respectively.

[0130]

o Aecording to the descrip‘tion of this embodiment, transistors having 'dif'ferent:
electrode structures, a capacitor,’ and a reS1stor can be formed separately with the same process "

by using the photomask or the I'CthlC which is prov1ded w1th a dlffractron grating pattem or

,an aux111ary pattern having an optrcal mten51ty reducing functlon formed ofa semltransparent.

film.” Accordmgly, in response to circuit characterlstlcs, elements havmg different modes'

can be formed without i 1ncreasmg the number of steps and mtegrated
[0131].

Th1s embodrment can be implemented freely combmmg with- the ‘aforementioned

‘embodiment modes and Embodrments 1and 2.

['Embodjment 4]
[0132]
‘In’ thls embodlment an example of a statlc RAM (an SRAM) whrch can be used as a

-memory (the: memory circuit. 305 in FIG. 13B and the hke) of the semrconductor device of :
'_,the present invention is described with reference to FIGS. 22A to 24B.
[0133)

A semiconductor layer 10 and a semlconductor layer 11 shown in FIG 22A are

“ preferably made of s111con or a crystallme sem1conductor contammg silicon. - For example,
- the sem1conductor layer 10 and the sem1conductor layer 11 are made of polycrystalline silicon,
_single crystalllne sﬂxcon or. the like which is- obtamed by crystalhzlng a silicon film by laser
.anneahng or the like. Furthermore a metal ox1de semrconductor amorphous silicon, or an

_ organic semiconductor, which has semiconductor characteristics, may also be employed.

[0134]

In any case, a semiconductor layer formed first is provided over the entire surface or
a part (region with a larger area than that determined as a semiconductor region of a
transistor) of a substrate having an insulating surface. Then, a mask pattern is formed over
the semiconductor layer by photolithography. The mask pattern is used for etching the

semiconductor layer, thereby forming the semiconductor layer 10 and the semiconductor layer
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11 having specific island shapes, which include a source region,.a drain region, and a channel

forming r'egion‘ of a transistor, The' shapes of the .semiconductor layer 10 and the

semiconductorlayer 11 are.determined, .consldering the ade_quacy of layout.

[0135]

The photomask for formlng the semiconductor layer 10 and the semiconductor layer '

11 shown i in FIG 22A has a mask pattern 2000 shown in FIG 22B T he mask pattern 2000

1s<d1f_ferent depending on whether a resrst used in a photohthography process isa pos1t1ve type

ora n_egativeztype. In the case of using the posrtlve type resist, the mask pattern 2000 shown :

'in FIG. 22B is manufactured as a llght shielding po_rtron The mask pattern 2000 has a shape

in which a.c_onvex portion A of a p_olygon is c'hamfered.l In addrtron, a concave portion. B is
bent so as not to be right angles. | o
[0136] |

The shape of the mask pattern 2000 shown -in FIG. 22B is reflected in the
semlconductor layer 10.and the semlconductor layer 11 shown in FIG 22A 'In that case, the
shape similar to the mask pattem 2000 may be transferred and the transfer may be conducted |
SO that the corner (convex portion or concave pomon) of the mask pattem 2000 is. further _
rounded In other words a round portlon in Wl’llCh the. pattern shape is smoother than the
mask pattern 2000 may be provrded
[0137]

An insulating layer which contains silicon oxide or sili'con nltride at least partially is

' formed over the semrconductor layer 10.and the semlconductor layer 11 One of the objects
- for formmg this 1nsulat1ng layer is a gate msulatmg layer Then as shown in FIG 23A, a
» gate wire 12, a gate wire 13 and a gate wire 14 are formed SO as to overlap the semlconductor '
layer pamally The gate w1re 12 is formed corresponding to the sem1conductor layer 10, the

. gate wire 13 is formed correspondmg to the semiconductor layer 10 and the ‘semiconductor

layer 11, and the gate wire 14 is formed corresponding to the semiconductor layer 10 and the
semiconductor layer 11. In order to obtain the gate wires, a metal layer or a semiconductor
layer having high conductivity is deposited over the insulating layer and processed into a
desired shape by photolithography.
[0138]

The photomask for forming the gate wires has a mask pattern 2100 shown in FIG.

23B. The corner of the mask pattern 2100 is bent so as not to be right angles. The shape of
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the mask pattern 2100 shown in FIG 23B is reflected in the gate wire 12, the gate wire 13,

and the gate wire 14 shOWn in FIG. 23A : In that case, the shape-slmllar to the mask pattern

2100 may be transferred and the transfer may be conducted SO that the corner of the mask

pattern 2100 is further rounded In other words a round portron in whrch the pattern shape

18 smoother than the mask- pattem 2100 may be provrded The corner is rounded, so that the

bent convex portron has an effect that the generatlon of fine powder due to abnormal'
drscharge can be suppressed in dry etchmg usmg plasma and the bend concave portion has an

effect that even if fine powder which easily gathers in the comer is generated,. it can be

. washed away in cleanmg As a result 1mprovement in yreld can be greatly expected

[0139]
An interlayer insulating layeris formed afte’r the gate wire 12, the gate wire 13, and

the gate w1re 14 The 1nterlayer insulating layer is made of an morganrc msulatmg mater1al.

'such as s1lrcon oxrde or 4an organic insulating materral using polylmrde an acryl1c resin, or

the like. - An 1nsulat1ng layer made of srlrcon nrtrrde srlrcon nitride. oxide, or the lrke may. be

_. formed between the 1nterlayer 1nsulat1ng layer and the gate wire 12, the gate wire 13 and-the
gate wire 14. In addrtron an -1nsulatmg layer made of s111con nrtrl_de, silicon nitride oxide, or
.the like’ may be. formed- over. the. 1nter1ayer msulatmg layer 'Su'chAan'insulating layer can '_
'prevent the semrconductor layer and the. gate 1nsulat1ng layer from bemg contaminated with
(1mpur1t1es,such as extrinsic metal i jon and moisture; which may adversely affecta transistor. -

 [0140]

‘In the interlayer 1nsulat1ng layer an opening is formed at'a predetermined posrtron

- For example the opemng is provrded correspondmg to the gate wire or semrconductor layer
3 in the lower layer A wire layer formed of one layer or a plurahty of layers of metal or a

- metal compound is. processed into a predetermmed pattem by etchmg usmg a mask pattern

which is formed by photolrthography Then, as shown i in FIG. 24A, a wire 15 a wire 16, a
wire .17, a wire 18, a wire 19, and a wire 20 are formed so as to partially overlap the
semiconductor layer 10 and the semiconductor layer 11. Each of the wires connects
particular elements. Each of the wires connects particular elements not with a straight line
but with a line including a bend portion because of layout limitations. In addition, the wire
width changes in a contact portion or in other regions. The wire width increases in a contact
portion if the size of a contact hole is equal to or larger than the wire width.

[0141]
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A photomask for forming the wires 15 to 20 has a mask pattern 2200 shown in FIG.

24B. This mast pattern'2200 is bent so as not to be right angles. ’In this manner, the corner

‘may be rounded. The bent convex _portion of such a wire: has an effect that the generatron of

fine. powder due to abnormal dlscharge can be suppressed in dry etchrng using plasma, and

the bend concave portion of the wire has an effect that even if fine - powder whrch easrly"

:gathers in the corner is generated it can be washed away in cleamng As a result,

1mprovement in the yield can be expected Furthermore ‘the’ wrre with a rounded corner'

allows electrical conduction of wrres In add1t1on in’ the case where a pluralrty of w1res :

__ mcludmg a portron of whrch bent portron or width changes are provrded in parallel, the use of
la wire w1th a rounded corner is hlghly advantageous since dust or the like are easrly gathered
' particular when the corner of the wire has right angles '

[0142]

'FIG.' 24A shows an N-channel transistorv21 an N channel translstor 22, an N- channel

transistor 23 an N- channel transrstor 24, a P- channel trans1st0r 25 and a P- channel transrstor

26 The N- channel transrstor 23 and the P- channel transrstor 25 constrtute an 1nverter 27

The N- channel transrstor 24 and the P-channel transrstor 26 constltute an inverter 28 A

circuit 1nc1udmg these srx transrstors constitutes an, SRAM An 1nsulat1ng layer made of

"srl1con nitride; srlrcon oxide, or the like may be formed over these transistors.
[0143]
20 -

This embodiment can be implemented freely combining with the aforementioned

" embodiment modes and Embodiments 1 to 3.

" [Embodiment 5]

[0144]

One embodiment of a‘semi_conductor_device‘of the prresent» invention is shown in
FIGS. 25A and 25B. FIG. 25A isa development view of the semiconductor device', and FIG.
25B is a cross-sectional view along a line A-B of FIG: 25A. Described in this embodiment is
a structure of the semiconductor device including a plurality of antennas, particularly the
semiconductor device including an antenna and a patch antenna which are formed over a layer
having a thin film transistor.
[0145]

Similarly to the method for manufacturing the element group 601 described in

Embodiment 1, a layer 7102 including thin film transistors is formed over an insulating
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substrate 7101.  An interlayer insulating layer 7182 is formed over the layer 7102 including -

thin film transistors. | A'f_irs'tpa’ntenna' 7181 is formed over the interlayer insulating layer 7182.

An ’insulating layer 7183 is formed over the first antenna 7181, ‘and a connecting terminal

7184 is formed on the surface of the insulating layer 7183.

[0146]

o The 1nsulat1ng layer 7183 in a part of whrch the connecting terminal 7184 is exposed ‘
is attached toa patch antenna: 7103 which i is a second antenna with an anisotropic conductrve '

adhesrve 7104 The connectmg termmal 7184 is electrlcally connected to a power feedmg 4

‘layer 7113 of the patch . antenna w1th conductive partrcles dlspersed in the anlsotroplc

conductive adhes1ve The connectmg termmal 7184 is also electrlcally connected to a f1rst'

thin film " transistor 7185 Wthh 1s formed in the layer 7102 1nclud1ng thin film tran51stors

Furthermore the first antenna 7181 is connected toa second th1n film transistor 7186 Wthh is.

:formed in the layer 7102 1nclud1ng thin fllm transistors. Note that a conductlve layer Wthh.

is obtalned by curing a conductrve paste may-be used instead of the amsotroplc conductive

adheswe,.

-[0147)

"The first antenna 7181 is made of a metal material containing aluminum, copper, or

‘silver. For example; composition of copper or silver paste can be formed by a printing -
.,rnethod such as screen pri‘nting,' offset printing, or- ink-jet printing. ~Alternatively, an
‘ alummum film may be formed by sputterlng or the like, and processed by etchmg The first

~ antenna 7181 may also be formed by an electrolytrc platmg method or an electroless. platlng _

method

- [0148]

- 'Note that.th'e. first antenna 7181 can be omitted.

[0149]

Here, the first antenna 7181 has a square coil shape as shown in FIG. 26A.
[0150]

The shape of the first antenna 7181 is described with reference to FIGS. 26A to 26C.
FIGS. 26A to 26C are top views showing the interlayer insulating layer 7182 and an antenna
formed thereover. Although the first antenna 7181 has a square coil shape 7181a as shown
in FIGS. 25A and 26A in this embodiment, the shape is not limited to this. The antenna may

have a circular coil shape. Alternatively, as shown in FIG. 26B, the antenna may have a
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square loop shape 7181b.,. The antenna may also have a c1rcular loop shape Furthermore,

as shown in FIG 26C ‘the antenna may have a lmear-d1pole shape 7181c. Moreover, the

.antenna may also have a curved drpole shape

[o151],

By thus providing a pluralrty of antennas, a mult1band semiconductor device capable.

of rece1v1ng electric. waves with dlfferent frequencws in‘one. semlconductor can be formed

‘ [0152] :

ThlS embod1ment can be 1mplemented freely :combining with- the aforementioned

embodrment modes and Embodlments 1 to 4,

: ;[Embodlment 6] ‘

[0153]

In this embodrment appllcatlons of a semiconductor device.of the present 1nvent10n -

' (correspondmg to the w1reless tag 2001 in FIG. 134) are descrlbed w1th reference to FIGS. 18A

to 19E The. w1reless tag 200 can be 1ncorporated in, for example blllS corns securitres o

‘bearer bonds cert1f1cates (drlvmg license resrdent card “and the llke see FIG. 19A)
' containers for wrappmg obJects (wrappmg paper,. bottle and the like see FIG. 19B), recordmg :
'»medla such as DVD software CDs and v1deo tapes (see FIG 19C) vehlcles such as cars,
_motorbikes and brcycles (see FIG. 19D) personal belongmgs such as bags and glasses (see .

FIG; 19E) foods clothes commod1t1es electromc apparatuses and the like The electromc}

apparatuses 1nclude a quuid crystal display devrce an EL. (electrolummescence) d1splay','

'dev1ce a televrslon set (also 81mply called a televrsron or a: telev1s1on receiver) ‘a moblle :
‘phone .set, ,and the like.
[o154]

The wireless tag 200, can be fixed to- -an object by bemg attached to the surface of the

object or embedded in the Ob_]CCt For example ‘the wireless tag 200 may be embedded in

 paper of a book, or organic resin of a package. When the wireless tag 200 is incorporated in

bills, coins, securities,‘ bearer bonds, certificates, and the like, forgery thereof can be
prevented. Furthermore, when the wireless tag 200 is incorporated in containers for
wrapping objects, recording media, personal belongings, foods, clothes, commodities,
electronic apparatuses, and the like, an inspection system, a rental system, and the like can be
performed more efficiently. The wireless tag 200 can also prevent vehicles from being

forged or stolen. In addition, when the wireless tag 200 is implanted into creatures such as
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anlmals each creature can be 1dent1f1ed _easily. For example when the. wireless tag is

1mplanted mto creatures such as domestrc anlmals the year of birth; sex breed, and the like

,thereof canbe identified » eas1ly.

[0155]

As described above, the wireless tag 200 of the present invention can be incorporated

.in any object (including c'reatur:es)..

[0156]

The wrreless tag 200 has various advantages such that data can be transmrtted and

: recelved by wireless communrcatlon the wrreless tag can be processed 1nto Var1ous shapes

,and w1de drrect1v1ty and recogmtron range are-achieved dependlng on a selected frequency

{0157]

Next one mode of a system using t the wireless tag 200 is: descrrbed w1th reference to

'FIGS 18A to 18C A reader/wrrter 9520 (correspondmg to. the reader/wrlter 201 in FIG "
13A) 1s prov1ded on a side of a portable terrmnal 1nclud1ng a d1splay port1on 9521 _A :

semrconductor devrce 9523 of the present mventron (correspondrng to the wrreless tag 200 i

FIG 13A) is prov1ded on a srde of an. ob]ect A 9522 and a semrconductor device 9531 of the

-'present mventron is provrded on. a top surface of an ob]ect B 9532 (see FIG 18A) When the,
'reader/wrrter 9520 is brought close to the semrconductor devrce 9523 1ncluded in the ob]ect A :
;9522 mforrnatron on the ob]ect A 9522 such as 1ngred1ents place of orlgm test result in, each

‘ productron step, h1story of: the drstrrbutron process and explanatron of the ob]ect is drsplayed._

on the drsplay portron 9521, When the reader/wrrter 9520 is brought close to" the

'semrconductor devrce 9531 mcluded 1n the ob]ect B 9532 1nformatron on the ob]ect B 9532 '
vsuch as _ingredients, place of orrgrn ‘test result in each productron step, hrstory of the

-d1str1but10n process, and explanatron of the object is drsplayed on the dlsplay port1on 9521.

[0158]

An example of a business rnodel utilizing the system shown in FIG. 18A is described
with reference to a flow chart shown in FIG. 18B. Information on allergy is inputted to a
portable terminal (a first step 8001).. The information on allergy is information on medical
products, their components, or the like which may cause allergic reactions to certain people.
As described above, information on the object A 9522 is obtained by the reader/writer 9520
incorporated in the portable terminal (a second step 8002). Here, the object A 9522 is a

medical product. The information on the object A 9522 includes information on the
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components or the like of the ob]ect A 9522. The 1nformat10n on allergy is. compared to: the' .

obtarned 1nformat10n on components or the like of the Ob_]CCt A 9522 thereby determmmg

.whether correspondrng components are contalned (a thrrd step 8003) If the correspondlng

components are contained, the user of the portable termmal is alerted that certain people may

have allergic reactions to the object A (a fourth step 8004) If the correspondrng components,

fare not contamed the user of the portable termmal is 1nformed that certam people are at low’

nsk of havmg allerglc reactrons to, the - object A (the fact that the object A is safe) (a frfth step ’

| 8005) In the fourth step 8004 and the frfth step 8005 1n order to 1nform the user: of ‘the
iportable termmal the 1nformat10n may be dlsplayed on the dlsplay portlon 9521 of the':
: portable termmal or an alarm of the portable termmal or the llke may be sounded

[0159]

Altematrvely, FIG 18C shows another example of: a busmess model Information ;

on combmatlons of medlcal products whrch are dangerous when used at the same t1rne or .

comblnatlons of components of medlcal products Wthh are dangerous when used at the same,.
trme (heremafter referred to 51mp1y ‘as comblnatron 1nformat10n) is’ 1nputted to a termmal (a

frrst step 8011) As descnbed above 1nformat10n on the ob]ect A is. obtained. by the- .'

-'treader/wrrter 1ncorporated in the termlnal (a second step 8012a) Here the ob]ect A is. a'
"medlcal product The 1nformat10n on the object A 1ncludes 1nformat10n on components or

the llke of the ob]ect A Next as descrlbed above 1nformatron on. the obJect B is obtamed .

by the reader/wnter 1ncorporated in the tennlnal (a thrrd step 8012b) Here the ob]ect B 1s-.':._v

also a medlcal product “The mformatron on the Ob_]CCt B includes . 1nformat10n on "

components or the lrke of the ob]ect B In thrs way, 1nformat10n of a plurahty of. medrcal .

products is obtarned The combrnatlon 1nformat10n is compared to the obtarned 1nformat10n .

: of a plurahty of objects, thereby determrnmg whether a correspondlng comblnatron of medrcal |

products which are dangerous when used at the same time is contained (a fourth step 8013)-

If the correspondmg combination is contained, the user of the terminal is alerted (a fifth step

8014). If the corresponding combination is not contained, the user of the terminal is

informed of the safety (a sixth step 8015). In the fifth step and the sixth step, in order to

“inform the user of the terminal, the information may be displayed on the display portion of the

terminal, or an alarm of the portable terminal or the like may be sounded.
[0160]

As described above, by utilizing a semiconductor device of the present invention for
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a system, information ‘can be obtained easily, and a system which realizes high performance
and bi:gh added values can be provideti.
[0161]

* This embodiment can ‘be implemented freely combining with' the aforementioned

embodiment modes and Embodiments 1 to 5.

"This apphcatlon 1s based on Japanese Patent Applrcatron serial No. 2005 273356'
fleld in Japan Patent Offlce on September 21, 2005, the entire contents of which are hereby

1nc0rporated by reference
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CLAIMS
1..A cyclic redunda’ncy‘check circuit c':omprising': '

a f1rst shift register to a p-th(pisa natural number greater than 1) shift regrster which-

each have one stage or a pluralrty of stages connected in cascade and i in which an 1nputted

,s1gnal is delayed and then outputted from the one stage ‘or the pluralrty of stages and in whrch

the’ ‘output’ of srgnal from the one stage or the- plurallty of stages is' perforrned in

synchronrzatlon with a clock srgnal

‘a f1rst exclusrve OR crrcurt 10 a (p 1)th exclus1ve OR circuit each calculating: an

-exclusive: OR of two 1nputted srgnals and

a swrtchmg c1rcu1t to whrch a data srgnal a select srgnal and an output of a last stage.

-of the P- th shrft regrster are 1nputted and wh1ch switches one of a. ﬁrst srgnal or a second'

‘srgnal to: be outputted in response to the select srgnal

whereln an output of the sw1tch1ng circuit is 1nputted to'a ‘first stage of the- frrst shift

- r'egister-‘ .

: wherem an output of a last stage of-an r-th (risa natural number smaller than p) shift

,reg1ster and ‘the. output of the swrtchlng crrcult are 1nputted to an r-th excluswe OR c1rcu1t )

and an output of the r-th exclusrve OR c1rcu1t is 1nputted to. a f1rst stage of a (r+1)th shrft'.

e grster

wherern the frrst srgnal 1s an exclusive OR of the data srgnal and the output of the last.
stage of the p th shrft regrster and

wherein the second slgn_al 1s. alo—gical_valué of “.O”.'. :

2 ‘A cyclic redundancy check c1rcu1t comprlsmg

a f1rst shift- regrster to a- p-th (p is a natural number greater than 1) shift register

‘which each have one stage or a plurality of stages connected in cascade, and in which an

inputted signal is delaye‘d and then outputted from the one stage or the plurality of stages, and
in which the output of signal from the one stage or the plurality of stages is performed in
synchronization with a clock signal;

a first exclusive OR circuit to a (p-1)th exclusive OR circuit each calculating an
exclusive OR of two inputted signals; and

a switching circuit to which a data signal, a select signal, and an output of a last stage
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of the P- -th shlft register are, 1nputted and wh1ch sw1tches one ‘of a first s1gnal or a second"
s1gnal to be outputted in response to the select signal,

~ wherein an output of the swrtchrng crrcurt is mputted o 'a first stage of the f1rst shift
register,

wherem an output- of a last stage of an r-th (risa natural number smaller than p) shift

jreglster and the output of the swrtchmg circuit are 1nputted to’ an r-th exclusrve OR circuit,"

and an. output of the r-th exclusrve OR crrcurt is’ 1nputted toa first stage of:a (r+1)th shift
register,

whe_rein_.the first. 51gnal i_s'an'excldsiVe OR of the data signal;and the output of the last .

- stage of the'p-th sjhift ‘register ahd -

wherem the second srgnal is a srgnal equahzrng the output .of the r-th exclusrve OR

-circuit w1th the output of the last stage of the r-th shlft reglster when the second srgnal 1s'_

'1nputted to the 1-th exclusrve OR c1rcu1t

-'3' A' cyclic redundancy. check ciréuitaccbrding- claim‘l or 2, further comprising: -

a determmatlon c1rcu1t and a frrst memory crrcult

wherem the flrst shrft reglster to the p- th shrft regrster each have S (s 1s a natural:'

" number equal to.or greater than p) second memory CIrcults whlch stores 1- b1t srgnal

wherem srgnals stored 1n the s second memory crrcurts are 1nputted to the"

g determmatlon circuit as an s- bit output in; parallel and

wherem the determmatron c1rcu1t outputs a drfferent srgnal in response to whether the, -

s-bit output | matches a predetermmed srgnal stored 1n the f1rst memory crrcurt

4A cyclic redundancy check circuit comprising;:. .

a first shift register which has five stages connected in cascade, and in which an '

"inputted signal is delayed and then outputted from each stage of the first shift register, and in

which the output of signals from the five stages is performed in synchronization with a clock
signal; _ |

a second shift register which has seven stages connected in cascade, and in which an
inputted signal is delayed and then outputted from each stage of the second shift register, and
in which the output of signals from the seven stages is performed in synchronization with a

clock signal;
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a th1rd shift regrster wh1ch has four stages connected in cascade and in which- an“

1nputted srgnal is delayed and then outputted from each stage of the third shift regrster and in

which the output of signals from the: four stages is performed in synchromzatlon w1th a clock K

srgnal,.

a first exclusive OR circuit and a second exclusrve OR circuit- each calculating an

,exclus1ve OR of two 1nputted 51gnals and

‘a sw1tch1ng crrcurt to Wthh a data srgnal a select srgnal and an output of.a fourth

stage of- the thlrd shift regrster are 1nputted and Wthh sw1tches one of a first: srgnal ora

: second 51gnal to be outputted 1n response to the select s1gnal

wherem an output of the swrtchmg crrcurt is; 1nputted to a frrst stage of the f1rst sh1ft ‘

: regrster

whereln an output of a f1fth stage of the first. shrft regrster and the’ output of the‘.

' 'sw1tch1ng c1rcu1t are 1nputted to the. first: excluswe OR c1rcu1t and an output of the flrst )

' exclusrve OR c1rcu1t is 1nputted to a frrst stage of the second sh1ft reg1ster

wherern an output of a seventh stage of the second sh1ft reg1ster and the output of the

""sw1tch1ng crrcult are 1nputted to the second exclusrve OR c1rcu1t and an output of the. second -

exclusrve OR 01rcu1t is 1nputted toa f1rst stage of the thrrd shift reglster

wherern the frrst 51gna1 is an excluswe OR of the data 51gnal and the output of the c

A _-fourth stage of the th1rd shrft reglster and

| wherein the second S1gnal isa log1cal value of “0”

- 5.A cychc redundancy check crrcult comprrsrng

“a first shift regrster which has frve stages connected in cascade and in which an -

-1nputted srgnal is delayed and then outputted from each stage of the f1rst sh1ft regrster and i in

which the output of s1gnals from 'the five stages is performed in synchronrzatlon with a clock

“signal;

a second shift register which has seven stages connected in cascade, and in which an
inputted signal is delayed and then outputted from each stage of the second shift register, and
in which the output of signals from the seven stages is performed in synchronization with a
clock signal; '

a third shift register which has four stages connected in cascade, and in which an

inputted signal is delayed and then outputted from each .stage of the third shift register, and in
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wh1ch the. output of srgnals from the four stages is perforrned in’ synchronrzatlon with'a clock" '

_ srgnal
. a first exclusrve OR circuit and a second exclusrve OR circuit each calculatmg an -

: exclusrve OR of two inputted s1gnals and

a swrtchmg c1rcu1t to whrch a data srgnal a select S1gnal anid an output of a fourth’

,‘stage of the thlrd shift regrster are mputted and whrch swrtches one of a first 51gnal ora -

second srgnal to be outputted in response to the select srgnal

wherem an output of the swrtchrng crrcurt 1s 1nputted to a f1rst stage of the frrst shrft

register,

wherern an output of a frfth stage of the frrst shrft regrster and the output of the '

_swrtchrng crrcurt are 1nputted to the first exclusrve OR crrcurt and an output of the frrst

exclus1ve OR c1rcu1t is 1nputted to a f1rst stage of the second shlft regrster

wherern an output of a seventh stage of the second shrft regrster and the output of the

' swrtchlng crrcurt are 1nputted to the second exclusrve OR c1rcu1t and an output of the second‘ "

excluswe OR c1rcu1t is 1nputted to a: f1rst stage of the th1rd shrft regrster

wherern the first, srgnal 1s an exclusrve OR of the data. 51gnal and the output of the.

?fourth stage of the third shlft regrster and
" wherern the second srgnal is a s1gnal equalrzrng the output of the first exclusrve OR . :

' Acrrcult wrth the output of the frfth stage of the frrst shrft regrster when the second srgnal 1s -
1nputted to the first exclusrve OR cncurt "and equalrzlng the output of the second exclusrve,;
" OR crrcurt w1th the output of the seventh stage of the second shrft regrster when the’ secondi "

. "31gnal is 1nputted to the second exclu_swe OR_c1rcu1t.

I_ 6. A cydic redundancy check_circuit according to claim 4 or S,ffurther_. comprising: i
"a determination circuit and a first memory circuit, - -
wherein 16 stages included in the first shirt register to the third shift register each
have a second memory circuit which stores a 1-bit signal, ‘
wherein signals stored in the first shrft register to the third shift register are inputted
to the determination circuit as a 16-bit output in parallel, and | |
wherein the determination circuit outputs a different signal in response to whether the

16-bit output matches a predetermined 16-bit signal stored in the first memory circuit.
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7 A semlconductor device compr1s1ng the cyclic redundancy check crrcu1t accordmg- '

~to any one of - cla1ms 1, 2, 4 and 5 wherem transmlssron and receptron of 1nformatlon is

_performed w1relessly.

8. A wireless ch1p compnsmg the cychc redundancy check c1rcu1t accordmg to any"

fone of clalms 1,2,4and 5.

9 An electronlc apparatus comprlsrng a semlconductor devrce having the cychc -

) redundancy check circuit accordmg to any one of cla1ms 1, 2 4 and 5.

10. A wireless commumcatron system comprlsmg a semrconductor device havmg the

: cychc redundancy check c1rcu1t accordmg to any one of clalms 1,2, 4 and 5,

1L A semrconductor devrce havmg an.antenna and a cyc11c redundancy check crrcurt A
1.

' the cycllc redundancy check c1rcu1t comprlsmg

a flI‘St shift regrster to a p- -th (p is a: natural number greater than 1) shift reg1ster which

feach have one stage or a plurahty of stages connected n- cascade and 1n whrch an 1nputted'
':srgnal is delayed and then outputted from the one stage or’ the plurallty of stages and in wh1ch o
-the - output of srgnal from the one stage or- the pluralrty of stages s performed m |

a synchromzatron with-a clock srgnal

.4 f1rst exclusrve OR crrcult to a (p 1)th exclusrve OR' circuit. each ‘calculating an .

exclusive OR of two 1nputted srgnals and

‘a sw1tch1ng circuit to whrch a data signa'l a select sigrral -and' an Output"of a last stage -

of the p-th shift- regrster are 1nputted and which sw1tches one of a frrst srgnal ora second

'51gna1 to be outputted in response to the select srgnal

wherein an output of the sw1tch1ng circuit is inputted to a first stage of the first shift
register, '

wherein an output of a last stage of an r-th (r is a natural number smaller than p) shift
register, and the output of the switching circuit are inputted to an r-th exclusive OR circuit,
and an output of the r-th exclusive OR circuit is inputted to a first stage of a (r+1)th shift
register, '

wherein the first signal is an exclusive OR of the data signal and the output of the last
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stage of the p-th shift register, and

wherem the second 51gnal is a logical value of “0”,

12. A semiconductor dévice having an antenna and a cyclic redundancy check circuit,
the cyclic redundancy check circ’uit comprising'

a first shift’ reglster to a p-th (pisa natural number greater than 1) shift register

which each have one stage or a plurahty of stages connected 1n cascade and in whrch an

in- Wthh the output of srgnal from the one stage or the pluralrty of stages is performed 1n‘f

synchronrzatron wrth a clock srgnal

a f1rst exclusrve OR crrcult to a (p Dth exclus1ve OR c1rcu1t each -calculating. an

exclusrve OR of two 1nputted srgnals and

a swrtchlng c1rcu1t to whrch a data srgnal a select srgnal and‘an output of a last stage
‘ of. the p -th shlft regrster are 1nputted and wh1ch swrtches one'of a frrst signal or a second
‘srgnal to be outputted in response to the select s1gnal

wherem an output of theswrtc_hmg crrcurtnrs ,1nput'ted to a first stage of the first shift.

Tegister,

‘ .1nputted s1gnal is delayed and then outputted from the one stage or the plural1ty of stages, and -

wherem an output of a last stage of an r-th (r 1s a natural number smaller than p) shrft.'

~'reglster and the output of the swrtchmg circuit are 1nputted to- an r-th exclusrve OR c1rcu1t

and an output of the. r-th exclus1ve 'OR; crrcurt is- rnputted to, a flrst stage of a. (r+1)th shrft;‘

regrster

wherem the first srgnal is an exclusive-OR of the data signal and the output of the last

. Stage of the p-th shrft regrster and

whereln the second 51gnal is. a srgnal equalizing the output of the’ r-th ‘exclusive OR

cifcuit with the output of the last stage of the r:th shift reglster when the second signal is

~ inputted to the r-th exclusive OR circuit.

13. A semiconductor device having an antenna and a cyclic redundancy check circuit,
the cyclic redundancy check circuit comprising: |

a first shift register which has five stages connected in cascade, and in which an
inputted signal is delayed and then outputted from each stage of the first shift register, and in

which the output of signals from the five stages is performed in synchronization with a clock
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signal;

a second shift register which has seven ‘sta‘ges connected in cascade, and in which an

‘1nputted s1gnal is delayed and. then outputted from each stage of the second shrft reglster and_ :

in wh1ch the output of s1gnals from the seven stages is performed in synchromzatlon with a
clock srgnal; '
a third shift register which has four stages COnnected'in cascade, and in which"an‘

1nputted s1gnal is delayed and then outputted from each stage of the thlrd Shlft reg1ster and in

| whrch the output of 51gnals from the four stages is performed in synchromzatron with a clock

‘signal;
10

a first exClusiVé OR ci'rcuit and"a'second exclusive OR circuit each calculating an

exclusrve OR of two 1nputted s1gnals and

a sw1tch1ng c1rcu1t to whrch a data:signal, a select s1gnal and an output of a fourth B
'stage of the thrrd shlft regrster are 1nputted -and wh1ch sw1tches one of a f1rst 51gnal ora

A second 51gna1 to be outputted in response to the select s1gnal

wherem an output of the sw1tch1ng crrcult is mputted to a first stage of the first shift.
reglster

wherem an output of a flfth stage of the first shift reglster and the output “of .the

' sw1tch1ng ClI'Clll'[ are 1nputted to the’ flrst excluswe OR' c1rcu1t and an output of the: flrst :

excluswe OR c1rcu1t 1s 1nputted toa flrst stage of the second shlft reg1ster

4 wherem an output of a seventh stage of the second shlft reglster and the output of the._"

sw1tch1ng Cerlllt are 1nputted to the second excluswe OR c1rcu1t and an output of the’ second'-

_ exclusrve OR c1rcu1t is 1nputted to a f1rst stage of the '[hll'd sh1ft reg1ster

whereln the first s1gnal is, an exclusrve 'OR of the data s1gnal and the output-of the -

-fourth stage of the-third shift 'r:eglste_r,\and K

wherein the second signal isa log'ical'value of “0”.

14. A semiconductor device having an antenna and a cyclic redundancy check circuit,
the cyclic redundancy check circuit comprising: .

a first shift register which has five stages connected in cascade, and in which an
inputted signal is delayed and then outputted from each stage of the first shift register, and in

which the output of signals from the five stages is performed in synchronization with a clock

signal;
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a second shrft reglster Wthh has seven stages connectéd in cascade, and in which an’

_ 1nputted srgnal is delayed and then outputted from each: stage of the second shift reglster and'
in wh1ch the output of srgnals frorn the seven stages is performed in synchronlzatlon wrth a

- clock srgnal

a thlrd shift regrster which has four stages connected in cascade, and in Wthh an

,‘mputted s1gnal is delayed and then outputted from each stage of the third shift reglster and'in’

Wthh the ~output of 51gnals from the four stages is performed in synchromzatron wrth a clock‘

srgnall‘,, ,
a first exclusive: OR V'cir'cu'it and a second exclusive OR ¢ircuit_each calculating an-

_exclusrve OR of two 1nputted srgnals, and

a sw1tchmg c1rcu1t to Wthh a data signal, a select srgnal and an output of a fourth

stage of the third shift regrster are 1nputted -and which swrtches one of a frrst 51gnal or a"

'second srgnal to be outputted in response to the select srgnal

wherern an output of. the sw1tch1ng c1rcu1t is 1nputted to a frrst stage of the frrst Shlft.
register

wherem an’ output of a flfth stage of the frrst shrft reglster and the. output: of the

"sw1tch1ng c1rcu1t are inputted to the flrst exclusrve OR: c1rcu1t and an output of the first.

exclusive OR circuit 1s 1nputted to a f1rst stage of the second shrft regrster

wherem an output ¢ of a seventh stage of the. second shift reglster and the output of the

switching c1rcu1t are mputted to the second excluswe OR Cll‘CUIt and an output of the second:_

exclusrve OR c1rcu1t is 1nputted to a frrst stage of the thrrd shift reglster

whereln the first s1gna1 is an. exclusrve OR of. the data srgnal and the: output of the

_fourth stage of -the third shift register, and -

wherem ‘the second 31gnal is a 51gnal equahzlng the output of the flrst exclusive OR

circuit with the’ output of the fifth: stage of the first shift reglster when the second s1gna] is

“inputted to the first exclusive OR circuit, and equalizing the output of the second exclusive

OR circuit with the output of the seventh stage of the second shift register when the second

signal is inputted to the second exclusive OR circuit.
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* EXPLANATION OF REFERENCE.

-’10:'semiconductor layer;jllfdsemicondUCtor'layerﬁ'12' gate‘wire,pléf
gate,wire,il4: gateiwiref lSt,wire- 16 W|re, 17: W|re, l8 W|re l9;)
nwire§.20"wire, Zl'dtransistOr,wZZ transrstor, 23: transrstor, 24if
| tran3|stor, 25 tran3|stor 26 tranS|stor,.27 |nverter 28 |nverter;
»f 101 swrtching circurt l02 output 103 output 104 output 165'
'i,determination CerUIt 106 output m EXOR 112 selector, l3l data
S|gnal 132 select S|gnal l44 3|gnal l45 output controI cnrcuit
11146 output control S|gnal l4?;-EXNOR 148 AND l49a first NAND
c.{l49b second NAND 150: NOR lSliroutput 152 clock 5|gnal 153 |nput
;y sugnal 154 shift register reset sugnal l?l output reset sngnal
t':181 clock S|gnal 182 data sugnal 190 modulated carrier wave, 191
‘L;DC voltage 192 decr3|on result 193 unique |dent|f|er 200 wrreless
"htag, 201: reader/writer,rZOZ antenna, 203 crrcuit portion,: 204r1
Roanalog portlon,'205 digltal portlon '206 antenna,;ZQZf'cerU|t'
aﬁoportion 301 code extraction CIrCUIt 302 code determination crch|t
‘1303 cyclic redundancy check crrcurt 304 control CerUIt 305 memory '
',icircuit,eSOI. resonant,capacitor 502 band “pass filter, 503 power.
supply circuit, 5063 demodulation circuit, 507. modulation C|rcu1t,
600: substrate,” 601: element group, 602: terminal portion, 603:
conductive particle, 604: resin, 6]6: substrate, 661: base layer, 662:
semiconductor layer, 662a: channel forming region, 662b: impurity

region, 662c: low concentration impurity region, 663: first insulating

layer, 664: gate electrode, 665: third insulating layer, 666: wire,
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667:‘second insulating tayer,'668: fourth.insutating layer, 701:
- flexrble sobstrate, '90t protectlve rayén,. 902:‘ antenna,5_§0§:Af
protectrve Iayer, 904; element group, 905 one. of~source‘and'drain,]
: 906 the other of source and draln 907: gate eIectrode 980: substrate,t
'98l;,tran5|stor 1201a corner, 1201b corner, IZOtc.‘corner, 1202a:j
‘*}Corner 1202b corner, 1202c - corner, 2000 nask pattern, 2001:_,
'f, transnstor, 2002 tran3|stor 2003 tranS|stor 2004 capaC|tor, 2005:p.
j‘_reS|stor, 2100 mask pattern, 2200 mask pattern, 3003 thrckness; ,
f 3004 dlrectlon 3005 d|rect|on, 3011 wrre, 3012 wnre, 3013 W|re,te
-3014: . contact hole, ,4402 second conductrve Iayer -4403 flrst
) conductlve Iayer,"4404'f'WIre, 4405" semrconductor Iayer,, 4406 |
f; |mpur|ty reglon, 4407 |mpur|ty reglon, 4408 gate |nsulat|ng Iayer,‘p
",.4499 gatevelectrode, 4410 rmpurlty regron, 4411 |mpur|ty regron,ip
V'%<44té lmpurlty reglon, 7101 rnsulatlng substrate 7102: Iayer,,7103ef 
?h.patch antenna 7104 anlsotroplc conductlve adhe3|ve, 7lt3'1power;,
{ feedrng Iayer, 7181 f|rst antenna, 7181a square corI shape, 7181b
]square Ioop shape 7181c ||near dlpole shape,: 7182 |nterlayer'
”|nsulat|ng layer, 7183 |nsulat|ng Iayer, 7184: connectrng termlnal
7185: flrst thin film tranS|stor, 7186 second thin film transnstor,
8001: first step, 8002: second step, 8003: third step, 8004: fourth
step, 8005: fifth step, 8011: first step, 8012a: second step, 8012b:
third step, 8013: fourth step, 8014: fifth step, 8015: sixth step, 9520:
reader/writer, 9521: display portion, 9522: object A, 9523:

semiconductor device, 9531: semiconductor device, and 9532: object B.
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