JP 2004-502265 A 2004.1.22

(19) BFREREHFT (JP) 22 | F 4 |A) ()L EARES
$33%2004-502265
{P2004-502265A)
(43) /5% FR165E1H228(2004.1.22)
(51) Int.CL." Fl F—va—F (BEF)
G11C 15/4 G11C 15/04 63172
SEWER KWK PRBLEFR RFER (£ 58 B)
@) LESEE 1S RE2002-505624 (P2002-505624) | (71) EEA 502047062
(86) (22) HEER SERLI2E6A7H (2000.6.7) Ayd— I, T —.
85) BIARSCIRME  EAR14E2ATH (2002.2.7) PAYAHERE. 19808 FS5wi7
(86) EEHESEE  PCT/I1L2000/000327 M. ma— FrvrAl HAPLT4—,
B EELHES  W02002/001570 UARNIVEY, AL—F 400, kY
87) HEAME ERI4EIA3E (2002.1.3) A—®4l w—F 2711, a—#®L
B 8 EE AP (GH, GM, KE, LS, MW, MZ, SD, SL, SZ, —>ay H—VEA I—i—.
TZ, UG, ZW) , EA (AM, AZ, BY, KG, KZ, MD, RU, TJ, TH) , EP (AT, BE, | (74) {32 A 110000040
CH,CY, DE, DK, ES, F1, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE} , 0 ISRRTRE AN - BT Y KS— b —
A(BF,BJ,CF, CG, C1, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG) , AR =z

,AG, AL, AN, AT, AU, AZ, BA, BB, BG, BR, BY, CA, CH, CN, CR, CU,C
Z,DE,DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, 1D, IL,
IN, IS, JP, KE,KG,KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD
, MG, MK, MN, MW, MX, MZ, NO,NZ, PL, PT, RO, RU, SD, SE, SG, SI, 8
K, 8L, TJ, M, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW

(T RMAE 151 r, A¥VA, ZTATL
AZSIH, 38510 NFI, ¥ry
AN—=, ¥— F—. HwrA 874

B. & /—n ApY—p 9

B EICHE S

64) [READEH] NEI—LT AT

GNHOOOD
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000

]/\
P

Cal Qut
Cell 1

\:}
=B
£5

-
e &
|~ g

)

Call Out
Cell 3

o

; Calt Out Call Ot ! Call O
s Cell 2 | TN Cell ¢ Cell c -t :’
[
1 jr,_) I T TT
¢ : :
[
1
o
r r
| CaltOut | L evuas Call Out Call Quwt
i Cell Rc J Ceflr(C.1pz Cell racaps
‘J : : L TL T T :
I |
——‘# Column Selecror |
——x  Origin Address
Register




e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

Oo0DoOooDoogog4gogooDooogogdg
Oooooooooooooogoogdg
OooooooooooooogoQgdg

OO0 oDooo0dd0ooooooUdUoooDoDoDoooUUoUoDoDooogogoooao
Oooooooooooooooo0ooDoooooooDooooogogoooao

Ooooooooooooooo0ooDoooogooooao

O
O
OJ
O
O
O
O
O
O

OOoo0oood
O Ooooo
O Ooooo
O 0OooOooo
O O0oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Ooo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo

OooooooogogQgogooQg
Oo0ooooooggogooQg

Oo0oooooogogodg
OOoo0ooooao
O O0Oo0ooooao
OoOoo0oo0oo0ooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Ooo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoooooaoo
OOoooooao
O Ooo0ooooao
OO0Oo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoo0ooooaoo
OOoo0ooooao
O Ooo0ooooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Ooo0oooao
O OooQgooao
O O0OoQgooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O Ooogooao
O OooQgooao
O 0Oo0oo0ooao

O
O
O
O
O
O
O
O
O
O
O
O

OOoo0ooooao
O0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oooao
OO0Oo0oo0oooao
OOoo0ooooao
OO0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
O0Ooo0oo0oooao
OOoo0ooooao
OO0O0oo0ooooao
O O0Oo0ooooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O

Oo0oooooggogodg
OoooooooOooOgoo
OooooooogooQoogoo
OoooooogoQgogoaoQg
OoooooogQgogooQg
Oo0oooooggogog
OoooooooOooOoo
OooooooogoQoogoo
OoooooogogQgogoog

O oOooo
O 0Oooo
O 0Oooo
O o0Oooo

[ Y |
OO ogogog
I [y

O

(2)

O
O
O
O
OJ
O
O

|

|

OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao

|

O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oo0Oooo
O0Ooo0oo0ooao
O0Ooo0oo0ooao

JP 2004-502265 A 2004.

O
O
OJ
O
O
O
O
OJ
O
O
O

O
O
OJ
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O Ooogoo
I [ [y
I Y o [
O OO o
O 0o oo
O 0o oo
I [ [
I Y [

O
O

O
O

.22

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

Ooooooooooooooooooogdg
OoooDooooooooooooooodg
Oo0ooDoogogooooDooo4gogooooodg
Oooooooooooooooooood
Ooooooooooooooooooodg
Ooooooooooooooooooodg
Ooooooooooooooogoooodg
OOo0ooDoogogooooooo4ogogoooodg

Oooo0oooOooOgoao
OooooooQgogoao
OoooooQgogoao
OoooooQgogao
OooooogoQgogaog
OoOoo0oooOooOoao
Oooo0oooQgogoao
OooooooQgogoo
OoooooQgogoao

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo

O oOooo
O oOooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo

O
O
OJ
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
]
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

OoooooogogoQgooao
OoooooogogQgogooao
OO0 oooooggogoao
OoooooooogooOoao
OooooooooQgoooao
OoooooooQgooao
OoooooogogQgogooao
Oooooooggogoao
OoooooooogoooOoao
Ooooooooogoooao
OoooooogooQgooao
OoooooogQgooao
Oooooooggogooao
OooooooooOooOooOoao
OooooooooQgoooao
OoooooooQogooao
OoooooogogQgooao
Oooooooggogooao
OO0 oDoDoooggogoao
Ooooooooogoooao
Oooooooogooao
OoooooogooQgooao
Ooooooogoggogooao
OO0 oooooggogoao
Ooooooooogoooo
OooooooooQgoooao
OoooooogogoQgooao
Ooooooogoggooao
Ooooooggogooao
OoooooooogogooOoao
OooooooooQgooo
OoooooogooQgooao
OoooooogogQgogogoao
OO0 oooooggogogoao

O
]
O
O

Ooo0Ooo0oood
OooOoo0ooood
Ooo0ooood
OoOoo0oooogod
OoOoo0oooogod
Ooo0Ooo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OoOoo0ooood
Ooo0o0o0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod

)

0O O
O O

O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
OJ
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

Ooooooogod
OOo0Dooooogod
Ooooooood

O
O
O
O
O
O
O
O
O
O
O
O

O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

O 0Ooooo
O 0Ooogoo
O Ooogoog
O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0ooo
O 0OooOooo
O Ooogoog
I [ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
I [ Y

O
O
O
O
O
O
O
O
O
O
O
O

JP 2004-502265 A 2004.

ugboobooaooboodoboad

O 0Oo0oo0oo0oao
O0Ooo0oooao
O Oooo
O Oooo
O Oooo

O
O
O

.22

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

Oo0ooooo04ooooooUoo Do oDoDooooUoDoooDoDoDoogggooooogdg
e A s e e s e e e e ey e A s [
Ooooooooo0ooooooooooDoooooooDooooooooooodg
OoOoooooo0o0oooooo oo oDoDoooo0 oo oDoooo0ooDoooogdg
Ooooooo0ooooooo0o oo oDoDooooD oo oDoooo0oooDoooogdg

OO0 oo oDooogogogooo
OO0 oo oDooodgQgogooao
Oooooooogooooao
OO0 oo ooooQgoooo
OO0 oo ooooQgoooo

Oo0ooooooggogooQg
OO0 oooDoooggogog
Ooo0oooooooOoogoo
OooooooooQgogogoaoQo
Oo0oooooogogoQgogooQg
OoooooooggogooQg
OO0 ooooooggogodg
Ooo0oooooooogooOgoo
OooooooooQgoogoo
Oo0oooooogogogogooQg
Oo0oooooogogogoQg
OO0 ooooooggogog
OooooooooOooOood
OooooooooQgoogoao
OoooooooogogQgogooQg
Oo0oooooogogogogooQg
OO0 ooooooggogoQg
OO0 oooDoooggogdg
OooooooooQgoogoo
OO0 ooooooQgogooQg
Oo0oooooogogogogooQg
Oo0ooooooggogoQg
OO0 oooDoooggogodg
OooooooooOgoogod
OooooooooQgogooQo

O d

OoooDooogoooooogd
OO0 ooDoogoooooogd
Ooo0ooooooooood
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooooooooogdg
OO0 ooDoogogogogooooogd
OOooooooooooood
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooooooooogdg
OooDoDoogogoooooogd

O 0Oo0oo0oo0oao

OooooogQgoao
OO0 ooooggogao
Oooo0oooQgoao
OooooooQgoo
OooooogoQgoao
OooooogogQgogoao
Ooooooggogao
Oooooooogoao
OooooooQgoao
OoooooogoQgoao
OooooogogQgoao
Ooooooggogao
OooOoooooogoOoao
Oooo0oooQgoao
OooooooQgoao
OooooogogQgoao
Ooooooggogoao
OO0 oooogQgogaog

O
OJ
O
O
O
O
O
O
O
O
O
O

~
~
~

O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

O
O

O
O

O0Ooo0oo0oo0oao

O
O

O
O
O
OJ
O
O
O
O
[
O
O
O
O
(]
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O0Ooo0oooao

O
O
O
OJ

O0Ooo0oooo

O0Ooo0oooao

|

OoOoo0oo0ogano

|

O0Oo0oo0oo0oao

OoOooooood
Oooooooogod
Oooooooogod

O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo

O0Ooo0oooao

JP 2004-502265 A 2004.

O0Ooo0oooo

O0Ooo0oooao

O
O
O
O
O
O
O
O
O
O
O
O

O
OJ
O
O
O
O

O 0Oo0oooog

O0Oo0oo0oo0oao

O0Ooo0oooao

OoooooogoQgogoog
OoooooogQgogooQg
Oo0ooooggogog
OoooooooOoogood
OooooooogoQoogoo
OoooooogQgogoaoQg
OoooooogQgogooQg
Oo0oooooggogog

O0Ooo0oooo

O0Ooo0oooao

O 0Oooo
O 0Oooo

N
N

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

s e e e e e R Y ) [y

O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |

O
O
O
O

O 0Ooo0ooooao
O 0O0Oooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooo
O Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooo
O O0O0gooooao

OOo0ooooo4o0ooDoooo4ogoooooogdg

O0Ooo0ooood
OO0Oo0ooood
O0Ooo0o0oood
OOoo0oood
OOoo0oooodg
OOoo0ooood
OO0Oo0ooood
O0Ooo0Oo0oo0ood
OoOoo0oood
OOoo0ooood
OOoo0ooood
O0Oo0oooodg
O0Oo0Oo0oo0ooad
OoOoo0o0oood
OOoo0ooood

OO0 o0ooDooo4goooDoDooog4gooooooogd

OOo0ooooooooooooooooooood

Ooooooooooooooooooooogodg

Oooooooo0ooooooooooooogodg

OOo0ooooo4o0ooooooooooooogdg

OoDooDooo4ogooooooggogogoao

Oooo0oooOooOgoao
OooooooQgogoao
OoooooQgogoao
OoooooQgogao
OooooogoQgogaog
OoOoo0oooOooOoao
Oooo0oooQgogoao
OooooooQgogoo
OoooooQgogoao

O
O
O
O
O
O

O
O
O
O
O
O

O

Ooo0Ooo0oood
OooOoo0ooood
Ooo0ooood
OoOoo0oooogod
OoOoo0oooogod
Ooo0Ooo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OoOoo0ooood
Ooo0o0o0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod

()

O
(]

O
O

0O O
[ |

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O Ooo0oooo
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0ooOooao
O 0Ooo0oooao
O Ooo0oooo
O Oooooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooo
O Ooo0oooao
O O0Oo0ogooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooo0oooo
O O0Oo0gooao

Ooooooogod
OOo0Dooooogod
Ooooooood

O
O
O
O
O
O

OoOoo0oo0ogano |

[

O0Oo0oo0oo0oao

O0Ooo0oooao

O 0Ooooo
O 0Ooogoo
O Ooogoog
O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0ooo
O 0OooOooo
O Ooogoog
I [ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
I [ Y

O
O
O
O
O
O

JP 2004-502265 A 2004.

ugboobooaooboodoboad

O0Ooo0oooo

O0Ooo0oooao

O 0Oo0oooog

O0Oo0oo0oo0oao

O0Ooo0oooao

O0Ooo0oooo

O0Ooo0oooao

O 0OoO0oooaog

O0Oo0oo0oo0oao

O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

O0Ooo0oo0ooao

O0Ooo0oooo

O0Ooo0oooao

.22

O 0Oooo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

OoOoo0ooood
O Ooooo
O 0OooOooo
O O0oo0ooOoo

Ooooooooooooodg
OOo0oooooogogogooooao
OO0 ooooogogogoooao
OOo0oooooooogooooao
Oo0ooooooooooao
OO0 ooooooooooao
OO0 oooooogogogoooao
OO0 ooooogogogoooao
OOo0oooooooOooooao
OOo0ooooooooooao
Oo0ooooooooooao
Oo0oooooogoogoooao
OO0 ooooogogogogoooao
OOo0oooooooOooOooOoobooao
OOo0oooooooogooooao
Oooooooogoooooao
Oo0oooooogoooooao
OO0 ooooogogogoooaog

OoooooogoQgooao
OoooooogQgooao
OO0 ooooggogooao
Ooooooooogooao
OooooooogoQgooao
OoooooogogoQgooao
Ooooooogogogooao
Oo0Dooooggogooao
OoooooooQgooao
Oooooooogoogooao
OoooooogoQgooao
Ooooooogoogooao
Oo0oooooggogooao
OoooooooogoOooOoao
Ooooooooogooao
OoooooogogoQgooao
OoooooogoQgooao
Oooooooggooao
OO0 ooooggogoao
Ooooooooogooao
OoooooogooQogooao
OoooooogoQgooao
OoooooogQgooao
OO0 oooooggogogoao
Ooooooooogooao
Oooooooogoogooao
OoooooogoQgooao
OoooooogogQgooao
Oo0Doooooggogooao
Ooooooooogooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O

O Oooo
O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo

O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O Oooo
O Oooo

(6)

OO0 o0ooDooogogoogao
Ooooooooogogoo
oo o oooooogogoo
OO0 oooooogogoo
OO0 o0 ooooogogoo
OO0 oo oDooogogogoo
Ooooooooogogoo
oo o ooooogogoo
OO0 oooooogogoo
OO0 oooooogogoo
OO0 ooooDooogogogo
Ooooooooogogooo
OO0 oooooogogoo
oo oooooogogogoo
OO0 o0 ooooogogoo
OO0 o ooDooogogoao

|

JP 2004-502265 A 2004.

O Oooo
[
O
O
O
O
(]
O
O
O

OoooooooogooQgog
OoooooooogoQgoog
OooooooogoQgg
OOoooooogogg

O
O
[
O
O
O
O
(]
O
O
O

O O
[ |
O O
O O
O O
O O
O
O
O
O
O

O Oooo
O
O
O
O
(]
O

O
O

O
O

.22

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e s e I A

OOoooooogd
OOooooogd
OoOooooood
Oooooooogd

O 0Ooo0oooao
O Ooogooao
O O0Oo0gogoao
O 0Oo0oo0ooao
O 0Ooo0oooao

OoooooogogoaoQg
OooooogogoQg
Oooooogogdg
Ooooooooogoad
OooooooQogoQgQd
OoooooogogoaoQg

O
O
O
O

O
O
O
O

O
O
O

OOo0oooooooooooooQgogoaQg
O

OooooooooooooogoQgogoaoQg

O oOooo
O oOooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo

Ooooooooooooaog
O

O

e e [ e e s e e s s I |
e e e e s e e s [ s [ |

Oo0ooooooogogooooao

O
OJ
O

O

O

O

O O
O O

O
O

O
O

oad

Ooooooodg
OOoooooogodg
Ooooooood
Ooooooood
Oooooooodg
Ooooooodg
OOo0oooood
OoOooOoooood
Ooooooood
Oooooooodg
Oooooooog
OOooooood
OO0 oooood
Ooooooood
Oooooooodg
Ooooooodg
Ooooooodg
OO0 oooood
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 oooood

O
O

O
O

od

gooooboooboao

gbogoboboobad

I Y [y
O 0o oo
I [
O 0o oo
O 0Ooogoo
O Ooogo
O 0o oo
I Y [

O
O
O
O

O
O
O
O

O

[ |
[ |

O d
O d

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
OJ

O O0Oo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0OoOo0ooooao
O O0O0goooao
O O0Oo0oo0oooao
O O0Oo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooao
O O0O0ooooao
O O0O0Oooooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao

O
O
O
O
O
(]
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

~
R
~

O

[

|

JP 2004-502265 A 2004.

O0Ooo0oooo

O0Ooo0oooao

O 0Oo0Ooogoaog

O0Oo0oooao

O0Ooo0oooo

O0Ooo0oooao

O0Ooo0oooao

O 0Oo0Ooogoaog

O
O
O
O
O

O0Oo0oo0ooao

O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oooao

N
N

O0Oo0Ooooaog

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

OooooooooDooooooooDoooogogogooao

OO0 ooDoooooooooo4oooooogogogoooao
OO0 o0oDooo4UoooDooUog4dooDooogogogooao
Ooooooooooooooooooooooooao
Ooooooooooooooo0ooDoooogooooao

Oo0o0ooooUUoooDoDooUog4dUooDooogogoogoao

Oooooooooooooooooooooogoooao

Oooooooooooooo0oooooogooooao

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |

O Ooo0ooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo

O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo

O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O oOooo
O oOooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo

O
O
OJ
O

O
O
O
O

O O0ooo

O 0Oooo

O Oooo

O Ooogo

O O0ooo

O O0ooo

O Oooo

O Oooo

OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

O Ooogo

(8)

O 0ooo
O O0ooo

O
O

O
O

O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

O O0ooo

O
O
O
OJ
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O Oooo

O Oooo

O o0ood

O

[

O O0ooo

O Oooo

JP 2004-502265 A 2004.

O Oooo

O Oooo

O 0O oo

O O0ooo

O O0ooo

O Oooo

O Oooo

O O oo

O O0ooo

O O0ooo

O 0Oooo

O
O
O

O Oooo

O Ooogo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

Ooooooogogogoooao
OO0 oDooogogooooao
Oooooocooooooao
Oo0oooooooooao

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo

Oooooooogooooodg
OO0 Oooooo4gogooooodg
OOo0ooooooooooood
Ooooooooooooodg

OooooooogoQgdg
OooooogoQgdg
OO0 oooogogdg
Oooooooogogd
OooooooogoQgdg
Oooooooogodg
Ooooooogd
OOoooooogd
OoOooooood
Ooooooood
Oooooooogd
Ooooooogod
OOoooooogd
OoOooooood
Ooooooood
Oooooooogod
Oooooooogd
OOoooooogd
OOo0Dooooogd
OoOooooood
Oooooooogod
Oooooooogod
OOoooooogd
O0oooooogd
Ooooooood
Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd
OoOooooood
Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd

OO0 0o oODooo4o0oooDoDooogogogoooooog
OO0 00O oooddU0oooDooogg4gogooooao
OO0 oooooooooooooooooooao
OO0 o0DooDoooo oo ooooooooooo

O Ooo0oooo
O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao

O Oooo OoOoooooao

O Oooo

O
O
O
O
O
O

O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo

O
OJ
O
O
O

O Oooo

O 0Ooogo

O 0Oooo

O 0Oooo

O Oooo

(9

O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0O oQgogoao

gbooobooboobao

O
O
O
O
O
O
O
O
O
O
O
O

O Oooo
O Ooogoo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0oo o
O 0Oooo
O Oooo
O Oooo
O Oooo

O
O
O
O
O
O
O
O
O
O
O
O

OJ
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
O

O Oood

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0OooO0oo0ooo
O 0Ooo0oooo
O 0OooQgoooo
O OooQgooo
O O oQgogoao
O 0Ooo0goo0ooao
O 0Ooo0goooo
O 0OooQoooo
O Ooogooo
O O ogogooo
O 0OoO0oo0ooao
O 0Ooo0gooOooo
O 0OooQoooo
O OooQgooo
O Ooogogooo

O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
O

JP 2004-502265 A 2004.1.22

10

20

30

40

50



OOo0oooooooDooDoooooooooodg

OoooooooooDoooooooDoDoooooooooaono

e e e e e e e e s |

OOo0ooooooUoooDooooooooDoDooooogooooao

Oo0oooDooooooooogogooao

O d

OO0 0o oDooogQgUoooDoDooogog4gogogooao

Oo0o0ooodUoooDoooUDUUoDoDoooogUoooUoooooogd

Ooooooooooooooogogogoooao

Oo0oooooooo0oooooooooDoooooooooao

I e e e e R A Iy

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O Oooo
O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo

O

O OooQgooao
O O0OoQgooao

I Y [y
O 0o oo
I [
O 0o oo
O 0Ooogoo

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo

I Y [y
O 0o oo
I [
O 0o oo
O 0Ooogoo
O Ooogo
O 0o oo
I Y [
O 0o o0oo
O 0o oo
O Ooogo
O Ooogoo
I [ [
O 0o 0o o
O 0o oOoo
O 0o oo
O Oooo
O O oo
I ) [
O 0o oOoo
O Ooogoo
O Oooo
O O oo
O O g o
O 0o oOoo
O 0o oo
O Ooogoo

O
O
O
O
O
O
O
O
O
O
O
O
O

O O0oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo

O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo

O
O
O

O oOooo
O 0Oooo
O 0Oooo

O
O
O

O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo

(10)

O
O

O O
O O

O
O

(]
O

O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
OJ
O
O
O
O
[
O
O
O
O
(]
O
O
O

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O

O 0O oo
O 0Ooo0ooo

|

O

O Oooo

JP 2004-502265 A 2004.

O oOooo

O
O
O
O
O
O
O
O

O Ooooo

O 0Ooo

O

O 0Ooooo

O

O
O

O oOooo

O
O
O
O
O
O
O

O 0OooOooo

O

O 0Ooooo

O
O
O

O 0Oooo

O

.22

O 0OooOooo O

O

10

20

30

40

50



e R ey [ s R s [y |

OooooooooDooooo00ooDoooogoogoooao

OOoooooooooooooo0ooDoooogooooao

e e [ e e e e s e s s [ [ |

S e Y Y O Y O Y

Oo0o0ooooUUoooDoDooUog4dUooDooogogoogoao

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

O O

OoOoo0oooaoo

O oOooo
O oOooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo

O O

O

OOoo0ooooao
O0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao

OOoo0ooooao
O0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oooao
OO0Oo0oo0oooao
OOoo0ooooao
OO0Ooo0ooooao

O O
O d
[ |
[ |
[ |
O O
O d
0O O
[ |
[ |
O d
O d

O Ooogoo
O 0O oo
O O0ooo
O O0ooo
O 0Oooo
O Oooo
O Ooogo
O O0ooo
O O0ooo
O Oooo
O Oooo
O Ooogo
O0Ooo0Oo0ooao
OoOoo0oooao
OoOoo0oooaoo
OOoo0oooo
OOoo0oooao

ooooooooooano
goooooobooooban

O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

O
O
O
O
O
O
O
O
O
O
O
O

O
O

O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0oooao
O 0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooo
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oo0Oooo
O0Ooo0oo0ooao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oooao
O0Oo0oooaog
O0Ooo0oo0ooao
O0Ooo0oooao
OOoo0oooaoo
O0Ooo0oooao
O0Oo0oooao

O0Ooo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooo
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oo0Oooo
O0Ooo0oo0ooao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oooao
O0Oo0oooaog
O0Ooo0oo0ooao
O0Ooo0oooao
OOoo0oooaoo
O0Ooo0oooao
O0Oo0oooao

(11)

0O O

O
O
O
O
O
OJ
O
O
O

O
O
O
O

O
O
O
O
O
O
O
O

|

O OoOooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
O OooOooo
O OoOooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O OooOooo
O OooOooo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O OooOooo
O OoOooo

|

JP 2004-502265 A 2004.

uod

O

O

O
O
O
O
O
O
O
O
O
O
O
O

0

ugoooaooboadd

O

O

O

O

O

O

O

O

.22

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

[ s e ey e s e ) e e s [ s [ |

Oo0Doooogogdg

O Ooo0oooao

e s e e s e e e s s e A

O 0Ooo0oo0ooOoao

Ooooooooo0ooooooo00 oo oooooDoooDoDoooo0ooDoooogogogoooao

Oooooooo0o0oooooo0 oo oDooo oo oo oDoooo0oooonDoDoooo0oooDooooQgog

Ooo0oooogoQgdg
OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
OoOoo0oooaoo
OoOoo0oooo
OoOoo0oooo
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O0Ooo0oooao
OoOoo0oooaoo
OoOoo0oooo
O0Oo0oooo
O0Oo0Oo0ooao
O0Ooo0ooaoo
OoOoo0oooaoo
OoOoo0oooao
O0Oo0oooo

O oOooo
O oOooo

OoooooogogoaoQg
OooooogogoQg
Oooooogogdg
Ooooooooogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
Oooooogogodg
OoOooooooogoad
Oooo0oooOgooQgaQg

O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo

O Ooooo
O Ooooo
O OooOooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooao
O Ooooo
O Ooooo
O Ooooo
O O0OoOgooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O Ooooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
(]
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O
[
O
O
O
O
(]
O
O
O
O

O 0Ooo0oooo

O Ooooo
O O0Oo0gooao

O 0Oooo

O 0Oo0ooOoao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O Ooo0gooo
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O Ooo0oooo
O Ooo0oooo
O Ooo0oooao

O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo

Oooooooodg
Ooooooodg
OOo0oooood
OoOooOoooood
Ooooooood
Oooooooodg
Oooooooog
OOooooood

(12)

O

O 0Oooo

O
O

S O o O

O OO

|

O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

O
O
O
O

Ooooooood
Oooooooodg

JP 2004-502265 A 2004.

ugboobooaooboodoboad

OO0 0o

O

O
Ooooooodg

OO0 oooood
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 oooood

O
O
O
O
(]
O
O
O
O
O

O

O
O

O Oooo

O 0ooo

O 0Oooo

O
O

O Oooo

O Oooo

.22

O Oooo

10

20

30

40

50



Oooooooooooooogooooao

OoOoooooooDoooooo oD oooDooooo0ooDoooogogQgoao

OoooooogoQgogooQg

OoOoooooo0oooooo4o0 oo oooo oD UooonDoDoDoooDoooDoDooogoggoooao

e e [ e e e e s e s s [ [ |

OOo0oooooggogog
Oooooooooogogoao

Ooooogooogoog E

*foDOoOo0oDcoC0oDcoo0oogoogoog E

OO0 oDoDooogog4gogoooooogod

SN [ [ A

Oooooooooooooogoogoooao

e [ ey e [ s [y [ |

I Y [y
O 0o oo
I [
O 0o oo
O 0Ooogoo
O Ooogo
O 0o oo
I Y [
O 0o o0oo
O 0o oo
O Ooogo
O Ooogoo
I [ [
O 0o 0o o

OO0 o0ood
O0Ooo0oooao

O
O
O
O
O
O
O

O
O
O
O

O oOooo
O Oooo
O 0Ooo
O 0ooo

O
O
O
O
O

O 0Ooogooog

Oooooooogdg
Ooooooogd
OOoooooogd
OoOooooood
Oooooooogod
Oooooooogodg
Ooooooogd
OOoooooogd
OoOooooood
Ooooooood
Oooooooogd
Ooooooogod
OOoooooogd
OoOooooood
Ooooooood
Oooooooogod
Oooooooogd
OOoooooogd
OOo0Dooooogd
OoOooooood
Oooooooogod
Oooooooogod
OOoooooogd
O0oooooogd
Ooooooood
Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd
OoOooooood

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
O
O
O

O 0Ooo0ooooao
OO ogogog

O

O 0Oo0oooao

O0Oo0oo0oo0oao

O0Ooo0oooao

O O

O 0Ooo0oo0oooao

O

O0Ooo0oooo

O

O 0Oooo

O0Ooo0oooao

O
O
O
O
O
O
O

O Ooogogoog

O

O0Ooo0Ooooog

O Oooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo
OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O oOooo
O Oooo

O0Oo0oo0oo0oao

I [ |

O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo

O
O

O 0Ooo0oo0oooo
O Ooo0ooooao

O

O
O

OO ogogog

(13)

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

0O O
[ |

|:, H
O 0Ooo0oo0oooao

O
O

O
O

O
O

O 0Ooo0ooooao
O 0Ooo0ooooo

O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
O

|

O 0Ooo
O O0Ooo0ooOoo

|

I I B

O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0OoOo0ooooao
O Ooogogoog

O

O 0Oooo
O Ooooo

JP 2004-502265 A 2004.

O 0Oooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo

O 0Oooo

O 0oo0oogoo

O

O 0o oo

O 0Oooo
O OooOgooo

I [ |

O

O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

O O ogogog

O

O 0Ooo0ooOoo

O0Ooo0oo0ooao

O 0Ooo0oo0oooao
O OoOo0ooooao
O 0OooQgooooao
O O0goooao

O Ooo0ooo
O Ooogooo
O O0Oogoo

O 0Oooo

.22

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

OoOoo0oooaoo
OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao
O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
O0Oo0oo0ooao
Oo0Ooo0ooao
OoOoo0ooaoo
OoOoo0oooao
OOoo0oooao
O0Oo0oo0ooao
I o A
Oo0Ooo0oooaoo
OoOoo0oooo
OOoo0oooao
OO0Oo0oo0ooo
O0Ooo0oo0ooao
O 0Ooooo
O Ooooo

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O Oooo
O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo

O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0O oo
O 0ooo
O Oooo
O Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O

O Oooo

O 0Ooogo

O 0Oooo

O 0Oooo

O Oooo

O Oooo

O Ooogoo

O 0ooo

O 0Oooo

O
O
O

O Oooo

O Oooo

O Oooo

(14)

(]
O

(]
O

0O O
O O

O
O

O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
O
O
O

O
O
O
O
O
O
O

O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O

O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
O

O

O

O

JP 2004-502265 A 2004.

O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

O
[
O
O
O
O
(]
O
O
O
O
O

10

20

30

40

50



Oooooooodg
Oooooooodg
OOo0ooooodg
OO0 ooooodg

L e T e T e T

[

OoOoooooo0o0oooooo oo oDoDoooo0 oo oDoooo0ooDoooogdg
Oo0oooooo0ooooooo0o oo oDoDoooo0oooDoDoDoooDoooooogdg
Oo0ooooo04ooooooUoo Do oDoDooooUoDoooDoDoDoogggooooogdg
e A s e e s e e e e ey e A s [
Ooooooooo0ooooooooooDoooooooDooooooooooodg
OoOoooooo0o0oooooo oo oDoDoooo0 oo oDoooo0ooDoooogdg

I A
OOoo0oood

O
O
OJ

O
O
O

O
O
O

O O Oooo

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo

OoooooQgogoao
OooooogoQgogoaoQg

O

O
O
O
O
O

O
OJ
O
O

O

O

O

O

OOoooooogod
OoOooooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod
OoOoooOooood
Oooooooodg
Ooooooood
Ooooooogodg
Ooooooogod
OoOoooOooood
Ooooooood

O Ooo0ooo

O

oooooooao
oooooooao

ao

gooooogooan

O
O
O

O
O
O

O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

(15)

oooooooao
oooooooao

gooooboooao

[ |

Oooooooogodg
Ooooooogod
OOo0Dooooogod
Ooooooood
Oooooooodg

O Ooooo

]

JP 2004-502265 A 2004.1.

22

ooooooboooogao
oooooobooogogao

goooooooobooan

[ |

Ooooooogod
OOo0ooooogod
Ooooooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod
OooooOooood
Oooooooodg
Oooooooodg
Ooooooogod
OOoooooogod

O

O
O
O
O

O
O

O
O
O
O
O
O

oooooao
oooooao

10

20

30

40

50



ey e e e e R e Iy
ey ey e e e sy e e e I

Oo0oooooo0oooDooooooD oo oDooUooUoDoDoDoDoDoooggoooooogdg
OO0 o0ooooU0ogoUoooooUUUoDoDoDoDoUUUWUoooDoDoDogULooDoooogdg
Ooo0ooooooo oD oo oooo oo oDoooo0o o0 oo ooooooooooodg
Ooo0ooooooo oo oDoooo0o o0 oo oooo0oo0 oo oDoDooo0DooooooOgodg

Oooooooooooooogooao

O

O Ooogoo

O

O 0Ooo0gooo

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

Ooooooogooooogdg

O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

OO0 oDooDooogogogoao
Ooo0ooooooogogooao

O O0ooo

O 0Oooo

O Oooo

O Ooogo

O O0ooo

O O0ooo

O
O
O
O
O
O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
O
O
O
O
O
O

(16)

O
(]

JP 2004-502265 A 2004.

uod

O

O

0

ugoooaooboadd

O

O

O

O

O

O

O

.22

10

20

30

40



(17) JP 2004-502265 A 2004.1.22

oooao oooao
/\ /\ I
7H VAN R HEE B
- =y AL\ LA
poTTTmmT *ﬁ‘} tyhAsEE |
I-HFIH -H1k -H77H I I I !
L - AT ] o i e | B
. . — = s i
i
]
G Ll R P o |4
E o A, i WEE <=
Z . . . E2

]
|
_l -h79h _I I-M7F -7k i
th RC b R(C-1)+2| (124 REC-1)+1 |
ey i R, e || ,
T i T i T : S <:%::
! |
j—fﬁ kL) | 1‘ B !
R ! |
| _ i
DU E W 38 | | i @’ﬁ*” <=
] t
== pme ! |
| |
\/ \/ L I i
TH VAN R -4

oooao ogodoao

RN
] NN E TN
[y SN[

I
]
. s
(@ || 1| |EorwEs] |
— I
EERR S 73
"
(57 e [ 57 |57 ] i | WEE <
¢ 2 h 1 Fa3 ] !
T rt L= !
I
|
0 _| 3-H79h _| 34798 _| 4798 T
] th 2 Hh 2 B |
£ T T T |
l’ ]
Z : : : |
I | aueens|[ T479F 479
l b RC -Iﬁ»R(c—Im -I:Jl: REC-1)+1 =
T r !

134eL93 | T

TH VAN R F -3




> A

JP 2004-502265 A 2004.1.22

ugooad

(18)

e i
| 8 = |
[
|5 sa = J ﬁ
| RN i| =
| V) ] 1
| il GG GYAHLNEIL L
ﬁ . ) El
N B 1 20 et S N R 4 W
[ [OINNNIdE|#
..... 5 ﬁgé=5m.&
;
1
5= / S M
PN A - B
A = ¥
i ™~
| / LONN Nl
JL.L - A0
V o N/ (oWl QGO
O
O

)*R
h3h o+l _/

ARV AT
—— e

4%%%§HHM
%(rﬂ
+0+1]

| B34 o+l I

good

.H.F— s v
= = = B C
g T T ]
z e e . pa
% 2 (LODn Nd)
— I[’
s |E z — L 4
T - T 2 U
L] 1 L O 0.
L L. L. L \V4 (0N lg 0% HROH
O
O



(19) JP 2004-502265 A 2004.1.22

good

K
7 A N=52 WiKT

B (w-

B(#-2) And PIN.uN, K]

Blu(N,K)+11

n!r I o

BLu (N, K)-1]
And PIN, uN K-1)]

BLu, K-13+1]

-

BLu (N, k+1)-1]

k=0FE THiM
k=0Z&E)

Blu (N, K)+1]




ugbooobooodoboado

(19) World Intell 1 Property Or
International Bureau

(43) International Pablication Date
3 January 2002 (03.01.2002) PCT

(20)

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

O OO A

(10) International Publication Number

WO 02/01570 A1

(51) International Patent Classification” GI1C 15/04,
15/00

(21) International Application Number:  PCT/IL00/00327  (74)

(22) International Filing Date: 7 June 2000 (07.06.2000)

(25) Filing Language: Englishn &Y

(26) Publication Language: English

(71) Applicant (for all designated States except US): MEM-
CALL INC. [US/US]; Yano, Rina, c/a Carter, Ledyard &
Milburn, 2 Wall Street, New York, NY 10005 (US).

84)

(72) Inventors; and

(75) Inventors/Applicants (for US only): VILLARET, Yves,
Emmanuel [ILJIL]; 9 Hakinor St., PO. Box 8748, Shikun

Peer, 38510 Hadera (IL). PROKOPETS, Shinuel [IL/L);
29 Ben Gurion St., 51265 Bnei Brak (IL).

Agent: CALDERON, Hana; Jacob & Hana Calderon,
Hahilazon Street 12, Crystal Building, 52522 Ramat Gan
(@)

Desiguated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, CA, CH.CN. CR, CU.CZ, DE,
DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU,
D, IL, IN, 1S, IP, KE, KG, KP, KR, KZ, LC, LK, LR, LS,
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO,
NZ,PL, P, RO, RU, 8D, SE, SG, SL SK, SL, TI, TM, TR,
TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW). Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Enropean
patent (AT, BE, CH, CY, DE, DK, ES, F, FR, GB, GR, IE,

[Continued on next page]

(54) Title: CALL OUT MEMORY WITH REDUCED SURFACE

(57) Abstract: A memory system and method that en-
ables locating memory cells that contain a searched data
using & limited number of lines and thus reducing the
necessary memory surface while at the same time accel-
erating the search process by limiting the search to cells
having a predefined characteristic. The memory system

Calout |, ... Call Out Call Qut
Cell ¢ Cell 2 Cell ¢
C
T
Call Out Call Out l Call Out
Cell 2c | T . Celt e Cell on
= T |t

—Or—— T

CallOut | cennen Call Out Call Out
H  celre Cellrcins ,{ Cell ricars
— L T—

4
T

e —
Column Selector

Origin Address
Register

prises an address bus and a data bus, a ow selec-
tor and a column selector and a two dimensional array
of memory cells, each memory cell comprising a mask-
ing circuit, a comparator circuit, a memory bit for stor-
ing the comparison esults and iments the
cell also comprises a range circuit, The memory may be
operated in a read and write mode or it may be operated
in anovel, fast search mode.

JP 2004-502265 A 2004.1.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 02/01570

(21)

N S

IT, LU, MC, NL, PT, SE), OAPI patent (BF, B], CF, CG,
CIL, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

JP 2004-502265 A 2004.1.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(22)

WO 02/01570 PCT/IL00/00327

Call Out Memory with Reduced Surface

Field of the Invention

The present invention relates to memories with a Call Out function or Call Out
Memories (COM). In the framework of the present application a Call Out function is
defined as a function of searching a memory wherein: 1) among the total of mermory
cells a number of cells is selected on which a search can be performed 2) a value to be
searched is presented on a bus 3) the memory returns on a bus the address of one
memory cell having matching data, that memory cell being the one with the higlhest
address in a predefined direction among all the selected cells. The Call Out function
eliminates the need to scan all the memory cells in order to locate those containing the
requested data, whereby operation time is considerably reduced. Examples of
memories with a Call Qut function have been described in Patent Application PCT/IL
00/00121 to MemCall. The Call Out Memory of PCT/IL 00/00121 has a parallel
organization wherein each cell is independently connected to an Address bus, a Data
Bus and an Origin Bus. As a result, response time becomes independent of memory
size, of the position of the searched data or the number of logic gates necessary to
implement the “Call Qut” function.

The Call Out Memory of PCT/IL 00/00121 is characterized in that the data to be
searched is set on the address bus. When the device operates in the “Call Out” mode,
each memory cell performs a comparison between Data conveyed to the cell by the
Address lines and Data stored in the cell. In case that the Comparison results in a
“Match” condition for several cells, then the Address of a single Matching Cell is set
on the Data Bus. That particular cefl must verify the condition of having 1)_ an
Address Value smaller in a predefined direction than a preset, so called QOrigin Value,
and 2) _ having the closest Address Value to this Origin Value among all cells with
Matching Data and verifying condition 1). The cycle may then be repeated with the
Matching Cell that has been set on the Data Bus as the new Origin and the process can

be repeated again and again until all matching cells are found.

1
SUBSTITUTE SHEET (RULE 26)
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A “Call Out” device as described in PCT/IL 00/00121 may also be operated in a so
called Normal mode, wherein its function is similar to a standard Memory of one of
the known types.

It will be understood by those versed in the art that the Call Qut Memory device of
PCT/IL 00/00121 requires a considerable number of lines in order to enable the Call
Out function.

In a the Call Out device of PCT/IL 00/00121 each individual cell performs a
comparison of the Data set on the Address Bus and the data stored into that cell. It is

thus required that each memory cell be connected to a number of Address lines.

Further, each memory cell performs a comparison of its own Address with the Origin
Address value, whereby if the Cell Address is inferior to the Origin Address in a
predefined direction, then and only then a Priority Mask circuit within the cell is
enabled. This function requires that an additional number of lines be used and
connected to each memory cell, in order to convey the Origin Address value to each

cell.

The Priority Mask circuit then selects the bits to be output to the Data Bus by a
process wherein all set bits of all memory cells storing the searched data and fulfilling
the requirement of the cell address being smaller than the “Origin” address are
combined in an “OR” function to set the correspondent bit of the Data Bus. The
overall function of the “Bit Mask” circuit is to mask the bit outputs that would cause a
change in the bits of a higher address in case that they were output on the Data Bus
together with that higher address. As a result, the final data scen on the Data Bus will
be equal to the Address of the cell with the highest address but smaller than Origin
and containing the data that match the data applied on the Address Bus.

It is therefore necessary, in order to enable the Call Out function in a system designed
according to Patent PCT/IL 00/00121, that several Address Lines and several Origin

Lines be connected to each of the Memory Cells respectively.

In case that a COM device is implemented in the form of a chip, each memory cell
will have to be given a sufficient surface S1I in order to provide routing space for all
Address and Origin lines. In order to implement the logic functions of each memory

cell, another minimum space 82 is required.

JP 2004-502265 A 2004.1.22
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Where S2 is larger than §1, it may be possible to connect the above address and origin
lines to each Memory Cell, without any increase of the surface requirement. However
if 81 is larger than S2, then the routing of the Address lines and Origin lines will
require a space for each memory cell that exceeds the space that would have been

sufficient for performing the logic functions of the cell.

It will be understood that such additional space requirement will reduce the total
number of cells that can be installed on one chip, thus reducing COM capacity. Also

cost per memory cell will be increased.

It is therefore desirable to design a memory with a Call Qut function wherein the

number of lines connected to each memory cell is reduced.

It is kmown to arrange memory cells in a two dimensional array, such that each cell is
selected by one Row and one Column. (see “Introduction to nMos and CMOS VLSI
System Design”, Amar Murkherjee, Prentice-Hall, Chapter 8.3). This method allows
the addressing of one memory cell by means of two lines only, one Row and one
Column. The logical function used to select the cell is very simple, being a simple
AND function of Row and Column set state. This simplified select function reduces
the surface needed for each cell, since only a simple logical AND function is needed
at each Memory Cell.

It would be desirable to use a similar method and design in a Memory with a Call Out
function, thus reducing the mumber of logical gates required and enabling the
implementation of Call Out devices, for example chips, with an increased number of

Memory Cells without an increase in the size of the Memory device.

Summary of the Invention

The present invention relates to a system and method of implementation of a Call Qut
memory that enables reduction of the memory cell surface, thereby increasing the

number of memory cells for a device of a given surface.

The reduction of memory surface is achieved by reducing the number of lines that

need to be connected to each memory cell.
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Each of the memory cells of the inventive Call Out system comprises a Priority Mask
circuit similar to that described in Patent PCT/IL 00/00121, but the memory is
constructed in accordance with a novel design wherein the Address Lines are neither
routed nor connected to each memory cell separately. Instead, only one “Row” and
one “Column” are routed to each memory cell, in accordance with a two dimensional

array often applied in conventional memories.

In the inventive Call Out system the same “Row” and “Column” can also be used to
implement the Range function. Using the said Row and Column, each memory cell
performs the function of comparing its own address value with the Origin Address,
and selectively enables the Priority Mask for that cell according to the result of that
comparison. Due to the inventive design, the need for routing of the Origin lines to
each memory cell is eliminated, and further reduction of Cell Surface is achieved.

The inventive method may be exemplified by three preferred embodiments. All
embodiments are Call Qut devices with a reduced number of lines routed to each
memory cell. In the first two preferred embodiments the Searched Data is presented
on the Data Bus, the Origin Address Value is presented on the Address Bus, and the
comparison result of each memory cell is stored in a dedicated one-bit memory cell
added to each Memory Cell of the device.

In the first embodiment, a Call Out memory is implemented wherein the Address lines
are pot connected to the Memory Cells, and the Cells are arranged in Rows and
Columns as known for certain standard memory devices while the system still enables

the device to carry out the Call Out functions.

In a second embodiment, a further improvement is implemented, according to which

neither the Address lines nor the Origin Lines are connected to the memory cells. In -
_ this second embodiment the Range function of the Call Qut device is assisted by

selective setting of the said Columns and Rows in accordance with a predefined

relationship with the origin address.

In a third embodiment, the range circuit is not used such that a further reduction of
sutface is achieved. Instead, a memory bit within the cell is used to select the cells
according to the needs of the memory and disable them for a subsequent call out

search or the cells may be disabled by a designated line.
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Brief Description of the Drawings.

Figl is aschematic drawing of a Call Out memory in which Address Lines are pot
routed to each memory cell.

Fig2 is a block diagram of a circuitry with a memory cell according to the
embodiment of Fig, 1

Fig3  is a schematic drawing of a Call Qut memory in which Origin Lines are not

“routed to each memory cell.

Fig4 is a block diagram of a cireuitrty with a memory cell according to the
embodiment of Fig. 3.

Fig$  isadiagram of a Range Circuit in a cell within a Call Out Memory according
to the embodiment of Fig. 3.

Fig6 is a schematic drawing of a cell within a Call Out memory implemented

without a Range circuit
Fig7 isa diagram of a Bit Mask circuit for the embodiment of Figs. 1 and 2

Fig8 is a diagram of a Bit Mask circuit for the embodiment of Figs. 3 and 4

. Fig.9  shows a detailed example of a Pricrity Mask cireuit

Detailed Description of the Preferred Embodiments

The purpose of the present invention is to provide a method and system for a memory
whereby the Call Qut function may be performed with a reduced number of logical
gates and a reduced number of connection lines. The term Call Out function is used to
designate a method of searching for data in a memory or part of it wherein among the
total of memory cells a number of cells is selected on which a search can be

performed; a value to be searched is presented on a Bus, for each selected memory

cell a compatison is performed between the said value and the Data stored in the cell;

in case that the Comparison results in a “Match” condition for several cells, then the
address of a single Matching Cell with the highest address among all the selected cells
is set on a Bus and the cycle may be repeated again and again until all matching cells

are found.
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In a first embodiment of the inventive system, shown in Fig 1, Memory Cells are
arranged in a two-~dimensional array, i.e. in rows and columns. Bach Memery cell is
then connected to several Data Bus lines, to several Origin Liﬁes, and to one Column
Line and one Row Line. Additional control lines, such as a Read/Write line, are also
connected to each cell. Each Memory Cell comprises a Data’ Storage Circuit, a
Comparator, an added bit of memory that will be referred to hereinbelow as

Comparison Result Storage Bit, a Range Circuit and a Bit Mask Circuit.

Itis known from standard memories that in such a two dimensional array the column
lines need not necessarily be connected to each of the memory cells of the column. A
further variation of the first preferred embodiment is therefore suggested wherein the
column lines are used to connect the bit lines of the Data Bus to the memory cells of
the column by means of transistor switches rather than the column lines being
connected to each individual memory cell of the column (see “Introduction to nMos
and CMOS VLS System Design”, Amar Murkherjee, Prentice-Hall, Chapter 8.3).

The above described methods and any other similar method, used in the art to
selectively activate cells within a Row or a Column will be further referred to as Row
Select or Column Select whereas a Row or a Column selected by the said methods

will be referred to as Selected Row or Selected Column.

The inventive system can be operated in two modes, Normal mode and Call Out

mode.

In the Normal Mode, Data can be transferred to or from a Memory Cell as for
standard memories, i.e. an address set on the address bus is processed, and one
column and one row are selected. The memory cell selected by these Row and
Column is then selected for the Data transfer to or from the memory, according to the
state of the R/W line.

In the Call Out mode, a Data search operation is performed in two steps:

During the first step, the system is placed in the Call Out mode and Write cycle.
During this first step the Origin Address value is set on the Address Bus, while the
Searched Data is set on the Data Bus. The Origin Address value is stored in a
dedicated register, Origin Address Register.

JP 2004-502265 A 2004.1.22



—/
L T T e T e T e T e T e O e T e T e B e T e T e T e T e T e T e O e T e R e T e R T e T e R e T e B |

(28)

WO 02/01570 PCT/IL00/00327

Also during that first step, each memory cell is activated to perform a comparison
between the Data set on the Data Bus and the data stored in that cell by means of a
Comparator The result of the comparison is then stored in the Comparison Result

Storage bit.

During the second step, the system is placed in the Call Out mode and Read mode. In
this mode the Range Circuit and the Comparison Result Storage bit selectively enable
the Bit Mask circuit to output the Cell Address to the Data Bus.

It is the advantage of the invention according to the first embodiment that a large
number of lines is eliminated whereby the design of Call Out memories with an
increased amount of memory cells is made feasible. It is another advantage of the
invention that the size of a Call Out memory device may be reduced without reducing

the numbesr of memory cells within the device.

In a second embodiment, Memory Cells are also arranged in rows and columns.

However no Origin Address lines are connected to them, The same first and second

steps are used in the Call Out mode, as in the case of the first embodiment. However
the implementation of the Range function is now assisted by the Row and Column

lines as shown in Fig,. 5.

Each Memory Cell, at Line r and Column ¢, receives as input two Rows r and r+1,
and one Column c¢. A circuit common to all the cells of the device will select the
Rows and Columns in the following way: If Origin Address is the address of Memory
Cell at Row 10 and Column c0, then all Rows r with r < 10 will be set to logic state 1,

and all Columns ¢ with ¢ < c0 will be selected. All other lines will remain unselected.

The Range Circuit within the individual cell then outputs an enabling signal to the
Comparator if the Rows and Columns input of the cell satisfies the following

conditions: Row r+1 is selected, Or, 1+ 1 is not selected but r and ¢ are both selected.

In this second embodiment, Origin lines do not need to be routed to each memory cell,
Instead, each memory cell is additionally selected by the next Row line r+1. This does
not create difficulties in the routing, since the r+1 Row is a neighboring Row. Also
the Range function is implemented in a very simple way, thus reducing the number of
logic gates in each Memory Cell.
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In a third embodiment, the Range function is eliminated, whereby the memory surface
is further reduced. Instead, a memory bit is used to select the cells and disable them
for subsequent search. In accordance with one design envisaged for this embodiment,
the memory bit that is used to select the cells and/or disable them for subsequent

search is the Comparison Result Storage bit.

The inventive method and device have the advantage of reducing the cell surface for a
Call Out memory device. As the Call Out memory considerably reduces operation
time by eliminating the need to scan the whale memory in order to find the searched
data, the device and method of the invention have the double advantage of being both
time and space saving.

The inventive device has the further advantage of saving costs by reducing the
amount of lines and gates necessary for implementing the Call Out function whereby

manufacture is simplified and manufacture time is reduced.

The invention will now be described in detail in respect of the preferred embodiments
and with reference to the drawings. It will be understood however that many
modifications and applications of the invention may be envisaged that still remain

within the scope of the specification and the claims.

In reference to Fig 1, a first embodiment is shown. In that first embodiment, Memory
Cells are arranged in Rows and Columns, Two modules, namely a Row Selector and a
Column Selector, are used to select Rows or Columns. The Row Selector and Column
Selector are commonly used in Memory devices (see “Introduction to nMos and
CMOS VLSI System Design”, Amar Mutkherjee, Prentice-Hall, Chapter 8.3). Data
Bus Lines are also connected to each Memory Cell.

A dedicated storage section, Origin Register, is defined and used to store an Origin
Address value. A set of Lines, called Origin Lines, is connected to each Memory Cell.
These Origin Lines are also connected to the Origin Register, so that the Origin
Address Value may be set on the Origin Lines,
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The ensemble of Address Bus, Data Bus and Control Lines will be referred to as Bus
System. The Control Lines comprise a Read/Write Line that is used to define a Read

or Write cycle for the Bus System as known for conventional memories.

Referring now to Fig. 2, the Call Qut memory of the first embodiment comprises three
modules: Row Selector, Column Selector and Origin Register that provide an
interface to the System Bus.

These modules are comprised in the Common Circuitry of the device. It will be
understood that a memory device comprises a large number of Memory Cell circuits
although Fig. 2 only shows the Common Circuitry, and one Memory Cell at a given

Row r and Column c.
Each Memory Cell comprises the following elements:

A Data Storage Circuit. This circuit is used to store the Data, and it is similar to

equivalent circuits in memory cells commonly used in the art.

A Comparator circuit. The Comparator checks whether Data set on Data Bus and Data,
in the Data Storage Circuit verify a given relationship. This given relationship may be
of any kind, for example Bigger than, Smaller than, Equal or any other relationship.
The given relationship may be predefined, or set by some control lines, or set by a
specific Bus Cycle operation. If the given relationship is verified, then a Match Signal
is output to a Comparison Result Storage circuit. This circuit is a one bit mermory,

storing the result of the comparison.

As shown in Fig. 2, the cell circuit further comprises a Bit Mask Circuit. This circuit
is similar to that described in PCT/IL 00/00121 and it is shown in detail in Fig 6. The
role of the Bit Mask Circuit is to output, when enabled, the Cell Address on the Data
Bus. Since several Memory Cells contain matching data, an inventive feedback
system is used in order to output on the Data Bus only one Address, that Address
being the highest in a predefined direction, among all matching Memory Cells.

As seen in Fig. 2, the Bit Mask circuit comprises a Range circuit and a Priority Mask
circnit. The Range circuit compares the Origin Address value with the Memeory Cell
Address value.
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If the Memory Cell Address value is “Lower”, in a predefined direction, to the Origin
Address value, then an enabling output is issued to the Priority Mask. “Lower” here is
one of the following predefined relationships: “Smaller”, “Smaller or Equal”,

- “Bigger”, “Bigger or Bqual”.

In the event of an enabling output by the Range Circuit, the Priority Mask circuit
selects the bits to be output to the Data Bus by a process wherein all set bits of all
memory cells storing the searched data and fulfilling the requirement of the cell
address being smaller than the Origin address are combined in an “OR” function to set
the correspondent bit of the “Data Bus” and finally only the bits selected by the
Priority Mask circuit are passed through to the Data Bus. The resulting data seen on
the Data Bus will then be equal to the Address of the cell with the highest Address but
smaller than Origin and containing the Data that match the data applied on the
Address Bus.

The Call Out Memory device can be placed in two modes, Normal mode and Call Out
mode. In the preferred embodiment, a dedicated line CO is used for that purpose as
shown in Fig. 2. It will be understood however, that any of the various methods o
techniques known in the art can be used to set the operating mode of the Call Out

memory.

Tn the normal mode, the function of the memory is similar to that of the various types
of existing memories wherein the Address is set on the Address Bus, and the Data is
set on the Data Bus. The Address is decoded by the Row Selector and Column

Selector into one Column select and one Row select. The Memory Cell that is

- connected to both selected Row and Column is activated for Data Transfer to or from

Data Bus, in the usual way known for memories.

In the Call Out mode, in a first step, the memory is placed in the Call Out mode and
Write Cycle. In that first step, the Origin Address Value is set on the Address Bus,

and the Data to be searched is set on the Data Bus.

During that first step, the Origin Address is stored in the Origin Register, the said
Origin Register being activated to store the Address set on the Address Lines by the
Call Out mode (CO) and the Read/Write line in the Write state.

10
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Also during that first step, the Data to be searched is set on tl\é Data Bus. In each
Memory Cell, the Comparator is enabled by the Call Out mode (CO) and the
Read/Write line in the Write state. The Data stored in the Cell is compared to the Data
on the Data Bus and in the event that there is a match, the Result Storage bit of that
Cell is set to logic state 1 and stored. Otherwise the Result Storage bit is reset and
stored.

In a second step of the Call Out mode, the Bus system is set to a Read cycle. Then the
Range Circuit is activated to compare the Origin Address with the Memory Cell
Address. If the Memory Cell Address is lower (or lower or equal) than the Origin
Address, in a predefined direction, then the Range Circuit outputs an enabling signal
to the Priority Mask. In case of a match the Priority Mask receives another Enabling
signal from the Result Storage bit. The Priority Mask is enabled only if both Enabling

signals are set.

Finally, as explained before, the address of the Memory Cell having a) matching data,
and b) Address inferior (or inferior of equal) to the Origin Address, and having the
Highest address m a predefined direction among all Memory Cells verifying a) and b),
will be output on the Data Bus. '

In reference to Fig 3, a second emboditment is shown wherein the size of the memory
device is further reduced by the Origin Lines not being connected to each memory
cell. The device designed in accordance with the second embodiment has a similar
function to that of first embodiment. The only difference is in the implementation of
the range function that is now performed according to the state of the Row Lines and
Column Lines. As shown in Fig 4, each Memory Cell Range circuit at Row r and

Column ¢, receives as input two Rows 1 and r+1, and one Column ¢.

The Row Selector and Column Selector now have a function in the Call Out mode and
Write Cycle, as explained in the following:

When both Call Out and Write cycle are set, an Origin Address value is set on the
Address Bus. In Normal mode, that Address would be encoded as one Row 10 and one
Column ¢0 being sclected (set). In Call Out mode, all Rows 1 with r <= 10, and all

Columns ¢ with ¢ <= c0 are selected (set).
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While in the preferred embodiment r smaller or equal to 10 and ¢ smaller or equal to
¢0 were chosen by way of example, it will be understood that any ordering relation

can be chosen, such as smaller, bigger, bigger or equal, or other.

The Range Circuit then performs a simple logical function to ouiput an Enabling
signal. In this preferred embodiment the Enabling signal will be output if Row r+1 is

selected, or if both Row Line r and Column Line c are selected.

Fig 5 demonstrates the inventive method of the second embodiment by showing the
Range Circuit for nine Memory Cells, for Row Lines 1, r-1 and 1-2, and for Columns

ot1, ¢ and ¢-1. In this example, the Origin Address value is encoded as 1 and ¢, so that

. Rows r; r-1 and -2 and Columus ¢ and c-1 are selected (weighted in Fig 5). In

accordance with the inventive method, the Range Circuit outputs an Enabling signal
for eight Memory cells of Fig 5 (weighted cells). It is obvious that for the Range

Circuit function, the roles of Rows and Columns may be reversed.

In this second embodiment, the Origin Address need not be stored. Instead, the Range
function is partly performed during the first sfep of the Call Out mode, by the
selection of memory cells that fulfil the condition of having an address that is Jower
than the Origin Address value as defined by the Row Line and the Column line of the
said Origin Address. Where the cell is enabled by the Range Circuit, the enabling
output signal is connected to the Comparator circuit. If the Range circuit enables the
Comparator, and the Memory Cell has matching Data, then the Result Storage bit will
be set, and the Priority Mask will be enabled at the next step, making that Memory
Cell a candidate to Output its Address on the Data Bus. »

As described for the first embodiment, the Priority Mask circuit selects the bits to be
output to the Data Bus by a process wherein all set bits of all meﬁow cells storing the
searched data and fulfilling the requirement of the cell address being smaller than the
Origin address are combined in an “OR” function to set the correspondent bit of the
“Data Bus” and finally only the bits selected by the Priority Mask circuit will be
passed through to the Data Bus. The resulting data seen on the Data Bus will then be
equal to the Address of the cell with the highest Address but smaller than Origin in a_
predefined direction and containing the Data that match the data applied on the

" Address Bus.
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This second embodiment further demonstrates the advantages of the inventive system
and method, achieving an even stronger reduction in the size of a memory device that

is capable of performing a Call Out function.

In a third embodiment, shown in Fig. 6, the Call Out Memory device does not
comprise a Range Circuit. Instead the Comparison Result Storage is used to inhibit
the comparator in case that a match has already been found in a previous Call Qut

cycle.

In this embodiment, the Comparison Result Storage Bit is not reset at each Call Out
Cycle instead it is reset upon specific events, these events being defined according to
application requirements. Thus for example, an address that has already been searched

may be disabled, upon request, for subsequent searches.

The Comparison Result Storage Bit may be provided with standard reading ot writing
means, depending on application requirements. Thus for example writing a new data
to the particular cell may reset the Comparison Result Storage bit of that cell or a
designated line may be used to reset all Comparison Result Storage bits of the

memory device or any part of them.

It will be understood that many ways known in the art exist for setting a specific
signal for each cell. Such signal may then be used to disable or enable the comparing
function of the cell, thus providing means to skip specific cells during the Call Out

cycle.

In Fig. 7, a Bit Mask Circuit for a Memory Cell of the first preferred embodiment is
shown with a Range Circuit connected to an Origin Address Line, an OR logical
circuit connected to a Data Bus and a Priority Mask Circuit, also contected to the
said Data Bus.

As explained before, the Range Circuit performs a comparison between the Address
of the specific cell with the Origin Address. If the Origin Address is bigger in the
predefined direction, then this circuit outputs an enabling signal. Another Enabling
signal E1 is issued when the device is placed in thé Call Out and Read mode.

A third Enabling signal E2 is issued from the Comparison Storage bit.

An And function gathers these three enabling signals, and outputs a final Enabling
signal to the Priority Mask.
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This ensures that the Priority Mask will be enabled if and only if the three following
conditions are fulfilled:

a)The device is placed in the Call Out and Write mode

b) The cell Address is smaller than Origin Address (in predefined

direction)

c)The data presented on Data Bus during previous Call Out and Write
cycle was found matching the data stored in the Cell.

Referring now to Fig. 8, a Bit Mask circuit for a Memory Cell of the second preferred
embodiment is shown, with an OR logical circuit connected to a Data Bus and a
Priority Mask Circuit, also connected to the said Data Bus. In this embodiment an
enabling signal is produced if the device is put in Call Out and Read mode and the
Comparison Result Storge bit is set. The enabling signal is then applied to the Priority
Mask.

In Figs. 7, 8 and 9, the cell Address is represented by N. N can then be written in the

form:

K

N= 32006]

k=0

Where u(N,k) represents the set digits of the binary presentation of N and may take
the values 0 to W — 1 (W being the number of bits used to represent the cell address);
k+1 is the number of set bits for the specific address value N and B[U] represents the
value (0 or 1) of bit u of the Data Bus.

The operation of the Priority Mask Circuit when enabled is as follows:

As shown in both Figs. 7 and 8, all PIM,u(Nk)] lines, from all memory cells (M)
having bit uQNk) set, are input to the said OR logical circuit, and the output of that
circuit is set on the Data Bus as bit u(N k). M is a generic that represents the addresses
of all the cells of the device having bit uNJk} set.

14
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At the beginning of a Call Out Cycle, the Data Bus lines B[0] to Blw-1] are in an
inactive (Logical 0) initial state. For example, if we use negative logic, all lines are
“Pulled Up” by a resistor to the plus system power supply. In a first step the priority
mask senses all these lines as inactive, and outputs the PIN,u(N,k)]. In that first step,
many other cells may also set the Data Bus line by means of the OR circuit. This new
state of the Data Bus will then be sensed by each of the cell Priority Mask Circuits
respectively and some of the P[N,uNk)] lines will be deactivated, according to the
rules of the priority mask. Finally, bits PIN,uN k)] that are not set in the address of
the highest cell storing the searched data will be reset, and the Data Bus will be set to

- that highest cell address.

As aresult of the above process, the “Priority Mask” will reset all P[Nu(N k)] lines to

zero logical state if one of the following conditions is ot satisfied:
_ The Cell Address is higher or equal to the Qrigin address.

__The Data Stored in Cell is equal to data presented on the Data Bus.
_ The device is not in the “Call Out” mode.

This process is asynchronous; the time needed for the lines to stabilize to their steady
value is of the same order as the rising time of the electronic components of the
circuit. As a result, the time required to search one data is of the same order as a

normal read or write cycle.

Referring now to Fig. 9, the “Priority Mask™ circuit is shownin detail. The “Priority
Mask” circuit of Fig. 9 outputs bit PINuN.K)] if the following conditions are

satisfied:

For the highest bit set: u(N,K)

a)_if the “E” signal is active.

b)_AND if all bits of the Data Bus higher than u(N,K) are not set.

If there is no higher bit, i.e. if the highest bit is bit W-1 (where W designates the
number of bits used to represent the cell address), then this bit is directly set by the
“B” signal.
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For other bits: u(N,k), k<K
a)_the higher bit u(N,k+1) is set

b)_AND all bits of the internal bus B[u(N,k)] between present bit u(N,k) and higher
bit u(N,k+1) are not set.

This ensures that if another cell with a higher address has output its address on the
Data bus, at bits that are not set ib the present cell, then bits k and lower of the present
cell address are not output. Finally only bits that are set in the highest matching

memory will be output.

It will be understood that the above is desesibed for a downward search and where the
system is defined to conduct an upward search it is the lowest matching memory that

will be output on the Data Bus.

The invéntive memory system and method have the advantage of being compatible
with commonly used computer devices and therefore applicable in a wide variety of
electronic systems such as computer systems, communication systems, and many
other systems wherein it may be used together with or in replacement of standard
memory devices of different types.

JP 2004-502265 A 2004.1.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 02/01570

Clairs:

(a

£

®

=2

(c,

N2

@

(38)

PCT/IL00/00327

. A memory system comprising an address bus and a data busand a two

dimensional array of memory cells arranged in rows and columns such
that each memory cell can be selected by at Ieaét one row and one
column, each of the said memory cells being connected to a plurality of
data bus lines and each of the said memory cells comprising a
comparator circuit, a masking circuit and a plurality of memory bits
whereby the said memory system may be operated in a read and write

mode or it may be operated in a search mode wherein:

each of the memory cells performs a comparing function whereby data
set on the data bus are compared with the data stored in the cell and the

result is stored in a memory bit that is set when the result is a match;

each of the said memory cells performs a function that limits the search
to cells having a predefined characteristic by selectively sending an
enabling signal to either the said masking circuit or the said comparator
circuit when the said characteristic is verified;

the said masking circuit performs a masking function that results in the
cell that is highest in a preset direction and verifies the said predefined
common characteristic being selected for its address to be put on the

data bus;

the said process may be repeated until several matching cells have put

their addresses on the said data bus.
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2. A memory system according to claim 1 hereinabove wherein each of
the memory cells further comprises a range circuit, the said predefined
characteristic is a predefined relationship with a preset origin address

and in the said search mode:

(a) The said range circuit performs a range function that verifies the said
predefined relationship with the said preset origin address and

selectively sends the said enabling signal to the said masking circuit;

The said masking circuit performs a masking function that results in

®

=2

the cell that is highest in a preset direction and verifies the said
predefined relationship with the origin address being selected for its
address to be put on the data bus;

the said process may be repeated with a different origin address until

-
<

several matching cells have put their addresses on the said data bus.

3. A memory system according to claim 2 wherein the said memory
system also comprises a designated register and each of the said
memory cells is further connected to an origin line and in the said

search mode:

In a first step the said origin address value is put on the address bus and

(&

£

stored in the said designated register and the data to be searched is
conveyed to the memory cells by the said data bus lines for performing
the said comparing function;
(b) inasecond step:
i. The said range function is performed by a designated range
circuit that directly performs the comparison between the origin

address received through the origin lines and the cell address to

verify the said predefined relationship;
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ii. in the event that the information stored in the said memory bit

is a match condition and the range circuit verifies the said
predefined relationship, the said masking circuit is enabled and
performs a logie function comparing the cell address to the
addresses of other matching cells with the result that the
address that is highest in a preset direction and verifying a
predefined relationship with a preset origin address is put on the
data bus;

(c) the said process may be repeated with a different origin address until

several matching cells have put their addresses on the said data bus.

4. A memory system according to claim 2 wherein the said memory cells

are not connected to any origin lines and each memory cell receives as

input two adjacent rows and one column and in the said search mode:

a. in afirst step:

i

the data to be searched are conveyed to the memory cells by
the said data bus lines for performing the said comparing
function and an origin address value ro;co is put on the address

bus;

the said origin address value is encoded such that all rows
equal to or lower than the origin address row (r<=rp) or all
rows lower than the origin address row (r<rg) in a predefined
direction and all columns equal to or lower than the origin
address column (c<=co) in a second predefined direction or all
columns lower than the origin address column c<cy are

selected;
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in a second step:

i the said range circuit within each of the matching cells
performs a range function to verify a predefined relationship
of the cell address with the said previously set rows and
columns such that a cell ;¢ will be enabled only where the
row that is adjacent to the cell row and exceeding the cell
value by one order in a predefined direction is selected or if
both row r and column ¢ are selected or the column that is
adjacent to the cell column and exceeding the cell value by

one order in a second predefined direction is selected;

i the address of the enabled cell is set on the said data bus;

. the said process may be repeated with a different origin address until

several matching cells are found.

. A memory system according to any of the preceding claims wherein

the said memory bit storing the comparison results remains unchanged
after it was set in a first cycle and in a second cycle a logical
combination of the said memory bit with the comparator enabling
signal will disable the comparator for that cycle, whereby any address
that was already searched may be disabled for subsequent searches

without the need for a range function.

. A memory system according to claim I hereinabove wherein the said

memory bit storing the comparison results is provided with standard
reading or writing means, whereby the search may be limited to celis
having a predefined characteristic by writing new data to a particular
cell to reset the said memory bit of the said cell such that the said

memory bit sends an enabling signal to the said masking circuit.

. A memory system according to any of the preceding claims wherein a

designated line is used to reset a rnulfiplicity of the said memory bits
that store the comparison results whereby the search will include all the

cells connected to the said designated line.
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8. A memory cell within a twe dimensional array of memory cells, the
said cell receiving a Data Bus Line, an Origin Bué line, one or more
Control lines, a Row and a Column and comprising a memory circuit
with a Comparator, a comparison result storage bit, a Range Circuit
and a Priority Mask circuit, wherein the data to be searched is
conveyed to the memory cells by the said Data Bus and compared with
the cell data by the said Comparator, the result is stored in the said
Comparison storage bit and the said Range Circuit checks a predefined
relationship between the cell address and an Origin Address whereby
in the event that the information stored in the said Memory Bit is a

match condition and the said Range Circuit verifies the said predefined

relationship, the said Masking Circuit is enabled to perform a logic

function comparing the cell address to addresses of other matching
cells with the result that the address of the cell that is highest in a
preset direction and verifying a predefined relationship with a preset

origin address is put on the said Data Bus.

9. A memory cell within a two dimensional array of memory cells, the

said cell receiving a Data Bus Line, one or more Control lines, a Row
and two Columns and comprising a memory circuit with a Comparator,
a comparison result storage bit, a Range Circuit and a Priority Mask
circuit, wherein the data to be searched is conveyed to the memory
cells by the said Data Bus and compafed with the cell data by the said
Comparator, the result is stored in the said Comparison storage bit and
the said Range Circuit checks a predefined relationship between the
cell address and an Origin Address that is conveyed to the cell by the
states of the said Row and Columns and the said Control lines whereby
in the event that the information stored in the said Memory Bit is a
match condition and the said Range Circuit verifies the said predefined
relationship, the said Masking Circuit is enabled to perform a logic
function comparing the cell address to addresses of other matching
cells with the result that the address that is highést in a preset direction
and verifying a predefined relationship with a preset origin address is
put on the said Data Bus,
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10. A memory cell according to Claim 5 wherein the said memory cell is

connected to a single Column and two Rows.

11. A memory cell according to any of claims 7-9 that does not have a
range circuit and that may be selectively disabled by data written to the
Comparison Storage bit.

12. A memory cell according to claim 10 that is disabled for a second
cycle after it has been searched during a first cycle by a logical
combination of the said Comparison Storage bit and the comparator
enabling signal.

13. A method for searching memory cells in a memory system comprising
an address bus and a data bus, a row selector and a column selector and
a two dimensional array of memory cells, each memory cell being
connected to at Jeast one row and one column and a plurality of data
bus lines whereby the said memory system may be operated in a read
and write mode or it may be operated in a search mode comprising the

following steps:

a. each of the memory cells performs a comparing function whereby data

set on the data bus are compared with the data stored in the cell and the

result is stored in a memory bit that is set when the result is a match;

b. each of the said memory cells performs a range function that limits the

search to cells having a predefined characteristic by selectively

producing an enabling signal when the said characterisic is verified;

c. each of the said memory cells performs a masking function that results

in the cell that is highest in a preset direction and verifies the said
predefined relationship with the origin address being selected to put its

address on the data bus;

d. the said process may be repeated until several matching cells have put

their addresses on the said data bus.
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14. A method for searching memory cells in a memory system according
to claim 2 hereinabove wherein the said predefined relationship is a
predefined relationship with a preset origin address and the search

comprises a range function according to the following steps:

I

each of the said memory cells performs a range function that verifies
the said predefined relationship with the said preset origin address and
selectively generates an enabling signal;

b. each of the said memory cells performs a masking function that results
in the cell that is highest in a preset direction and verifies the said
predefined relationship with the said origin address being selected to
put its address on the data bus;

¢. the said process may be repeated with a different origin address until

all matching cells have put their addresses on the said data bus.

15. A method for searching memory cells in a memory system according

to claim 3 comprising the following steps:

&

In a first step an origin address value is put on the address bus and
stored in a designated register and the data to be searched is conveyed
to the memory cells by the said data bus lines for performing the said

comparing function;

=3

. in a second step:

i. The said range function is performed by a designated range circuit
that directly performs the comparison between the origin address
received through the origin lines and the cell address to verify the
said predefined relationship;

ii. in the event that the information stored in the said memory bit is a
match condition and the range circuit verifies the said predefined
relationship, a masking circuit is enabled that performs a logic
function comparing the cell to other matching cells with the result
that the address that is highest in a preset direction and verifying a
predefined relationship with a preset origin address is put on the
data bus;
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c. the said process may be repeated with a different origin address until

several matching cells have put their addresses on the said data bus,

16. A method for searching memory cells containing a searched data in a

memory system according to claim 3 wherein the said memory cells

are not connected to any origin lines and each memory cell receives as

input two adjacent rows and one column whereby during the said

second process:

a. ina first step:

i

it

the data to be searched are conveyed to the memory cells by
the said data bus lines for performing the said comparing
function and an origin address value r03c0 is put on the
address bus;

the said origin address value is encoded such that all rows
equal to or lower than the origin address row (r<=t0) or all
rows lower than the origin address row (r<t0) in a predefined
direction and all columns equal to or lower than the origin
address column (c<=c0) in a second predefined direction or all

columns Jower than the origin address column c<c0 are set;

b. ina second step:

i

the said range circuit within each of the matching cells
performs a range function to verify a predefined relationship
of the cell address with the said previously selected rows and
columns such that a cell r;c will be enabled only where the
row that is adjacent to the cell row and exceeding the cell
value by one order in a predefined direction is selected or if
both row r and column ¢ are selected or the column that is
adjacent to the ‘cell column and exceeding the cell value by

one order in a second predefined direction is selected;

the address of the enabled cell is set on the said data bus;
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the said process may be repeated with a different origin address until

all the matching cells are found.

A method for searching memory cells containing the searched data in
a memory system according ta claim 1 wherein the search is limited to
cells that haven’t been searched in a first cycle by the memory bit
within the cells that stores the comparison results remaining unchanged
after it was set in the said first cycle, and in a second cycle a logical
combination of the said memory bit with the comparator enabling
signal disabling the comparator for that cycle, whereby any address
that has already beenv searched may be disabled for subsequent

searches without the need for a range function.

A method for searching memory cells containing the seatched data in
a memory system according to claim 1 wherein the search is limited to
cells having a predefined characteristic by providing the said memory
bit that stores the comparison results with standard reading or writing
means, apd writing new data to a particular cell to reset the said
memory bit of the said cell such that the said memory bit sends an

enabling signal to the said masking circuit.

A method for searching memory cells containing the searched data in a
memory system according to any of the preceding claims wherein a
designated line is used to reset a multiplicity of the said memory bits
that store the comparison results of -a previous search whereby the

search will include all the celis connected to the said designated line.
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