JP 2010-44055 A 2010.2.25

(19) BFREREHFT (JP) X M A EA) (1) s A RS
15R82010-44055
(P2010-44055A)
(43 2B FR25&28258 (2010.2.25)
(51) Int.CI. F1 F—=a—F (%)
GO1D 5/245 {2006.01) GO1D 5/245 201A 2FO77

FEER F BREOH 28 OL HNEFLE (&332 A

@) HEES #7EE2009-159575 (P2009-159575) | (71) BEE A 506200186

22) B ERR21IETHBH (2009.7.6) TNIT - T /AP-X - A —¥—E—1
B EEEERES 12/168, 151 — - TAE— (FTHB—N) TIAR—
(32) &5 H ER20ETHGH (2008.7.6) P DIFwE

@) \EEERE REUS) PYHB—NESLHR—ATEB8923

, A=Yay TRIa— T - F =
1
(TH KB A 100099623
#EL B ®m—
(74) fRIB A 100096769
#EL BFE F—
(TH KB A 100107319
#ELT ME HE
(74 B A 100114591
#ELT @R B/
BREIHRS

64) [READEM] HFRE~LFE— AT -4

GHoOooOooooooooo
gooobooboooooooobooooooooooon
gboooobooobooboobooboobooobooo
gbboobobooboooboooboobod
oooobooooooooobooooooooooon
gboooboooboobooboobooboooobooo
gbooooboooboobooboobooobooooboao
ooooboooooooooooooooooooon
gooobobooooooooooooooooooon
gbooobooobooboobooboobooobooo
gbooooobouoboobooboobooboao
ooooooooogd

gooooboooo




e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I

e s e e e e e e s e Y i

OO0 oDoDoogogooooogogg

oo oooooQogoooo
OO0 ooooogogQgoooao
oo oooooQgooooo
OO0 ooooogoQgogoooao
oo oooooQgooooo
OO0 ooooogogQgoooo
Oooooooogooooao
OO0 ooooogogQgoooo
Ooooooooogooooao
OO0 ooooogogQgoooao
Ooooooooogoooao
OO0 ooooogogQgoooo
Ooooooooogooooao
OO0 ooooogogQgoooo

OooooooQgogoo
OO0 oooogogao
OooooooQgogoo
OO0 oooogogao
OooooooQgogoo
Oooooogogao
OooooooQgogoo
Oooooogogao
OooooooQgogoao
Oooooogogao
OooooooQgoogoao
Ooooooogogo
OooooooQogogoao
Ooooooogogoo
Oooooooogogoao
Ooooooogogoo
Oooooooogogoao
oo oooogogoo
Oooooooogogoao
Ooooooogogoo
OO0 oooogogaog

O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo

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

) JP 2010-44055

O 0Ooo0ooooao
O Ooo0ooooao
O O0Oo0oo0oo0ooao
O Ooo0ooooo
O O0Oo0oo0oo0ooao
O OoOo0ooooaoo
OJ O O oo
O O Oooo
] O O0Oogo
O O O0ooo
[ O Ooogo
O O Oooo
O O Oooo
O O 0Oooo
O O Oooo

O
O
O
O
O
O
O
O
O

[ I |
[ R |
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

OoooooQgogao
OOo0o0ooogo-gogao
Oo0oooQgogao
OOo0o0ooogo-gogao
Ooo0oooQgogoao
OOo0ooogogogao
Ooo0oooQoogoao
Oo0ooogogogao
Ooo0oooQoogoao
Oo0ooogogao
OoooooOoogoao
Ooooogogogao
OoooooOoogao

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

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

O O0ooo

O

O

2010.2.25

O Oooo
O O0ooo
O Oooo
O 0Oooo

O
O
O
(]

O
O
O
O

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

Ooooooo0oooooo0ooooogQgoao
s s e ) e Y [ Y
Oooooo4o0ooooooooooogQgoo
OOo0oOoooo4dooDoouog4UoooDooggogo
Ooooooo0ooooooooooogoQgoo
OOo0OoDooo4dooooUog4gooooggogo
Ooooooo0ooooooooooogoggoo
Oo0ooOoooo4oooooog4ogooDooggoao
Ooooooooooooooooooogogoo
Oo0ooOoooo40oooooog4ogooooggoao

OoooooooooooQgodg
Oooooogooooooggg
Oo0ooooooooooQgodg
Ooooooooooogoggg
OooooooooooQgdg
Ooooooooooogoogg

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

Oo0ooDooo0oooooDooo0 oo oDooooooDooogooao
OO0 oogU0oooDooUUoUoDoDoo4UooDooogogoao
Ooo0ooooo0oDooooo0 oo oDooooooDooogooao

OO0 ooDoogogoooDoogogoooaog
Oo0oooooooooooogooooo

Oo0Dooogogoao
Oooooogogo

O
O
O

O

O
O
O
O
O
O
O

OooOoo0ooood
OoOoo0oooogd
OoOoo0ooood
OOoo0oooogd
OoOoo0ooood
OoOoo0oooogod
OoOoo0ooood
OoOoo0oooogod
OoOoo0ooood
Oo0oo0oooogod
Oo0Ooo0Ooood
OOo0o0oooogod
I B [
OoOoo0oooogod
OO0oo0oooogod
OOoo0oooogod
O0Oo0Oo0ooao
O0Ooo0oooao
O 0Oo0oo0ooao
O0Ooo0oooaoo
O0Oo0oooaog
O0Ooo0oooaoo
O 0Oo0oooao
O0Ooo0o0ooao
O0Ooo0oooaog
O0Ooo0o0ooao
O0Ooo0oooao
O0Ooo0o0ooao

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

€))

JP 2010-44055

O O o
[ i Ry
O O o
[ Ry
O O o
O O o
O O o

O 0O oo
O
O
O
O

O
O
O
O
O

O
O
O
O
O

2010.2.25

10

20

30

40

50



OoooOoooOooonoo oo ooOoooOoooD oD oo oD oo o oo oOoooOoooOooooooooooooo
I e [
OoooOoooOooonDoo oo ooOoooOoooD o0 oo o oo o oo o oo oOoooOoooooooooooo.o
I e e A [

Iy e e R ) s [ [ |

Ooooooo0ooooooooooogQgog
Oo0ooDoogog4ddooDooggUgooooooggg
Oooooo4o0ooooooooooogQgog

e e s e R e s Y O |

oo oo oDooo oD oo ooo o ooDoogoQgoQg

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

O
O
O

(4) JP 2010-44055

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

O
O
O

O

2010.2.25

O
O
O
O

10

20

30

40

50



) JP 2010-44055 A 2010.2.25

OoO0o000ooO0oDO0oooO0ooO0Oo0oDU0ooDODO0O0O0DO0OO0OD0O0ODODDOdgear train des
ign000o00oooooooboooooobooboobooobDoobooooooOooDO

s s e e e e e sy e [
e s s e e e e e s e e e Y o A

OoOooooo4o0ooooo 400D ooDooo oo oDoDoooDooDooogogoooao
e s s e e e e e e s e Y i
Ooooooo4oooooo o0 oo ooooDoooDoDooo0DooDooogogoooao
e s e e e e e e s e Y i

OooOoo0ooooQgod
OoOoo0ooogd
Ooo0o0o0oooQgd
OoOoo0ooogd
Ooo0oo0oooogod
OoOoo0ooogd
Ooo0oo0ooood
OoOoo0ooogd
OooOoo0ooood
OoOoo0oooogd
OooOoo0ooood
OoOoo0oooogdg
I [
OoOoo0oooogdg
OooOoo0ooood
Ooooooogdg
OooOoo0ooood
Ooo0oooogd
[
Ooo0ooooogd
OOo0o0oooogd
Ooo0oo0oooogd
OoOoo0ooogd
OooOoo0oooogod
OOoo0ooogd
Ooo0oo0ooooQgod
OO0o0o0ooogd
OooOoo0ooooOodg
OoOoo0ooogd
Ooo0oo0ooooQod
OoOoo0ooogd
Ooo0oo0ooood
OoOoo0oooogd
OooOoo0ooooOgod

0

OO0 oooooQgoooo
OO0 ooooogoQgoooao
oo oooooQgoooo
OO0 ooooogoQgogoooao

OO0 ooooogodg
OO0 ooooogd
O oooooogodg

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 o0Oooo

OooooooooooooooooogoQgoQo
OOo0oDoDoogogUooDoDoogogogoooogogaog
OooooooooooooooooogogaoQo
OOo0ooDoogogUooDooogogogogoooogogaog
Oooooooooooooooooogogao
OOo0ooDooooooooogogoooogogaoQg
Ooooooooooooooooooogogao
Oo0ooooooooooogooooogogaoQg
Oooooooooooooooooogogoao
Oo0ooooooooooooogoooogogaoQg
Ooooooooooooooooooogogoao
Oo0oooooooooooogoooogogaoQg
Oooooooooooooooooogogao
Ooooooooooooooooooogogaog
Oo0oooooooooooooooooogogao
OooooooooooooooooogogaoQg
Oo0oooooooooooooooooogogoao
OoooooooooooooooooogogaoQg
Ooo0oooooooooooooooooogooOgoao
Oooooooooooooooooogogao
OO0 o0oDooggUoooDoDooggUggoooogogog
Oo0ooooooooooooooooogogao
OO0 oDooggUoooDoDoo4ogUgogoooogogog
OooooooooooooooooogoQgaoQg
OO0 ooDooggUooooDoogoggogoooogogaog
OooooooooooooooooogoQgaoQo
OO0 ooDoogogUoooDooogogogoooogogaog
OooooooooooooooooogoQgaoQo
OOo0ooDooogUooooooogogoooogogaog

O
O
O
O
O
O
O
O
O

OO0O0Oo0oooogd
OooOoo0ooogod
OO0Ooo0oooogd
OooOoo0ooood
OoOoo0oooogd
R B
OoOoo0oooogd
OoOoo0ooood
OoOoo0oooogd
I B
OoOoo0oooogd
OoOoo0ooood
OoOoo0oooogd
I B
OoOoo0oooogd
OoO0Ooo0Ooood
OoOoo0oooogd
OO0oo0oooogd
OoOoo0oooogd
OOoo0oooogd
OoOoo0oooogod
OOoo0oooogd
OOoo0oooogod
OO0oOo0oooogd
OoOoo0oooogod
OO0Ooo0oooogd
OooOoo0ooogod
OO0Oo0oooogd
OooOoo0ooogod
OoOoo0oooogd
R B [

[

Oo0oooooo oo ooooooooogdg
OO0 oooooo0oooooooogogoooodg
Ooooooooooooooooooof-g
Oo0ooooooooooooogooooodg
Ooooooooooooooooooogdg

10

20

30

40

50



e e e Y Iy

Ooooooooooobooooogogooogogood
OoocooooooooooooooooOoad

Ooo0ooogooogoo

o000 ooggUgooDooUdUoUoDoDooUUooDooogogogoao
Oo0ooDooo0oooooDooo0 oo oDooooooDooogooao
OO0 oogU0oooDooUUoUoDoDoo4UooDooogogoao
Ooo0ooooo0oDooooo0 oo oDooooooDooogooao
OO0 ooogg4UogooDooUUoUoDoDoo4UooDooogogoao

O Ooo0oooo
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O0Ooo0oooo
O Ooo0ooogoao
O0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooo
O 0Oo0oo0oo0oao

O

Ooooooooogoo

O Ooo0ooo
OO oOooog
O Ooooo
OO oOooog
O Ooooo
O OooOooo
O 0Ooooao
O OooOooog
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooao

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

OooooooQgooao

OO0 oooodogoao

O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
OoOoooo
O oOoooo
O oOoo0ooo
O oOoooo
O oOoo0ooao
O oOoooo
O o0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O O0OoOooo
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O Ooooo
O o0oooo
O Ooooo
O oOoooo
O Ooooo
O oOoo0ooao
O oOoooo
O o0Ooo0ooao

OO0 ooooooooooQgog
OO0 oDoDoogogooooogogg
oo ooooooooooQgog
OO0 oo oogogooooogoggog
oo ooooooooooQgg
OO0 oooogogoooooggog
Oo0ooooooooooQgog
OO0 oooogogoooooggg
OoooooooooooQgog
OO0 ooooooooooggog
OooooooooooooQgog
OO0 oooooooooogoggog
OooooooooooooQgaog
OO0 oooooooooogoggog
Oooooooooooogaog
OO0 oooooooooogogog
Oooooooooooogadg
OO0 oooooooooogogog
Ooo0ooooooooooodgadg
Oo0oooooooooogogQgog
OO0 0o oogogooooogg
Oo0oooooooooogoQgog
OO0 O0DoDoogogooooogg
OO0 oooooooooogoQgg
OO0 oDoDoogoggogooooogogg
Oo0ooooooooooQgog
OO0 oDoDoogogooooogogog
Oo0ooooooooooQgog
OO0 o0ooDoogogoooooggg

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

(6

O

O

O

JP 2010-44055

O
O
O
O
O
O
O

OJ

OooooooooooQgg
OoDoDooooooooggg
Oo0oooooooooQgdg
Oooooooooooggdg
OooooooooooQgdg

2010.2.25

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy

I B

I e e [y

e ey I
e s e e e R e ) e ) e e s e s Y Y

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

OooooooQgdg
OOooooogogdg

Ooo0oooogod
OOoo0oooogd
Oo0oo0oooOgod
OoOoo0oooogd
OooOoo0oood
OoOoo0oooogd
Oooo0oood
OoOoo0oooogd
OooOoo0ooood
OoOoo0oooogd
OooOoo0ooood
OoOoo0oooogod
OooOoo0ooood
Ooo0oooogod
OooOoo0ooood
Oooooogd
OooOoo0ooood
Oooooogd
Oo0Ooo0Ooood
OoOooooogod
OOoo0oooogd
OoOoo0oooogod
OOoo0oooogd

Oooooooogoogooao
OO0 oooooggogooao
Ooooooooogooao
Oo0oooooggogooao
OoooooooQgooao
Oooooooggogooao
Ooooooooogoooao
Oooooooggooao
Oooooooooooao
Ooooooogogooao
OooooooooQgooao
Ooooooogoggooao
Ooooooooogooao
Ooooooogogogooao
Ooooooooogooao
Oooooooogoggooao
OoooooooQgooao
Oooooooogoggooao
OoooooooogoOooOoao
OoooooogooQgooao
OO0 ooDooggogoao
OooooooogoQgooao

Ooo0oooooooooooogogoo
OO0 ooooogog4gogooooggogao
Oo0oooooooooooogogogoao
OO0 ooooo4ogooooogogogao
Ooo0oooooooooooogogogoao
OO0 oooooogooooogogoao
Ooo0oooooo o ooooogoogoo
OOo0ooooo4ogooooggoao
Ooo0oooooooooooogoogoao
Oo0ooooo4oooooogogoao
Ooo0oooooooooooogoogoao

O Oooo
O 0Oooo

O Ooooo

O O

OOoo0oooogogg
Oooo0oooQgdg
OOooooogogg
Oooo0oooQgdg
Oooooogogdg
OoOoo0oooQgdg
OOooooogoogg
OoOoo0oooQgdg
OOooooogogg
OoOoo0ooodgdg

OoooooogoQgoao

O

OooooooQgogoao

-
9]
2]

O
O

o

OOoo0ooooaog
O Ooo0ooooao
O Ooooooaog
O Ooo0ooooao
OOoooooao
O O0Ooo0ooOoooao
OOoo0ooooaog
O 0O0oOooooaog
OOoooooao
O 0O0o0ooooaog
OOoo0ooooao
O 0O0ooooaog
OOoo0ooooo
O O0Ooooooaog
OOoooooao
O Ooooooaog
OOoooooao
O Ooooooaog
OOoooooao
O Ooooooaog

OO0 oo=000000o0o00gd
I Y O [ Y [ [
Oo0oooo oooogooogoodg

O 0o oo

u

P

OoOoo0o0oooogoao

O

OO0 oDooooooooooogdg
Oo0ooooooooooooogod
OO0 oDooooooooooogdg
OO0 Do ooogoooooogdg
OO0 oo oooooooooogodg
OO0 0o oDoogogogoooooogdg
oo ooDoooooooooogodg
OO0 Do ooogogogoooooogdg
OO0 oo oooooooooogodg
OO0 oDoooogogogoooooogdg
OO0 oooooooooooogodg
OO0 oDoooogogoooooogdg
OO0 oooooooooooogodg
OO0 oDooDooogoogoooooogdg
OO0 oooooooooooogodg
OO0 oooooogooooooogdg
OO0 oooooooooooogodg

JP 2010-44055

OOoo0oooaoo
O OoO0oooao
O0Ooo0oooao
O OooOoooog
OOoo0oooao
O Ooo0oooo

OO0 ooooogogog
oo oooooogoQgog
OO0 oooooggg
oo oooooogoQgo-g
OO0 ooooogogog
oo oooooogoQgo-g
OO0 oooooggog
oo oooooogogoQgo-g
OO0 oooooogogog
oo oooooogoog-g
O o oooooogogog
oo oooooogooQgo-g

O0Ooo0oooao

2010.2.25

O Ooo0oooao

O0Ooo0oo0ooao

O Oooooao

B S R i I

[ |

O0Ooo0oo0ooao

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A
OoOooooooooooOooooOoooOooooooOoooDoDoooOooooooboDoooooooooooOooOooOod
I e A A A

O oOoooo
O 0Ooooo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O o0Oooo
O 0Oooo
O o0Oooo
O oOooo
O 0Oooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O oOooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O oOooo
O o0Oooo
O 0Oooo
O o0Oooo

e s ey e e e ey e [ e s s [
e s e e e e ey e e e e s e s [

OO0 oooooQooooodg
OO0 oo ooogQgoooodg
OO0 oooooOooooodg
OO0 oo ooo4Qgoooodg
OO0 oooooOooooodg
OO0 ooooo4Qgoooodg

OooooooogooQgooao
OO0 oooooggogogoao

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

O

Ooooooooooog
Oooooogoooog
Ooooooooooodg
Oooooogoooodg
Ooooooooooog
Oooooogoooog
Ooooooooooogdg
Oooooogoooog
Ooooooooooog
Ooooooogogoooog
OooooooooooOo
Oooooogogoooog
Oooooooooooo
Oooooogogoooog
Ooooooooooodo
Oooooogogoooog
OOooooooooooo
Ooooooogoooog
OOooooooooooo
Ooooooooooog
OO0 ooDoogoooog
Ooooooogoooog
OO0 ooDoogoooodg
Ooooooooooog
OOooooogoooog
Ooooooooooog
OooDooogoooodg
Ooooooooooogdg
Oooooogoooog
Ooooooooooog
Oooooogogoooog
Ooooooooooogdg
Ooooooogogoooog
Ooooooooooodg

Ll B R |

OO0 oooooggogooao
OooooooooQgooao
Ooooooogogogogooao
Ooooooooogooao
Oooooooggooao
OoooooooQgooao
Oooooooggooao

OOoooood

[ |

oo oooogogoo

OO0 ooooo4Qgooood
OO0 oooooooooodg
OO0 oooooQgoooodg

0 0a

Ooooooogodg

[ |

Ooooooogogoo

OO0 oooooogogog
oo oooooogog
OO0 o ooooogogog
oo ooooooogodg
OO0 oooooogoQgog
oo ooooooogodg
OO0 oooooogoQgog
OOoooooooogo-g

OO0 ooooogQgoooodg
Oo0ooooooooood
OO0 oooooQogoooodg
OOo0oooocooooood

C))

I O B |

Oo0oooogogoo

OOo0ooooooooood
OO0 oooooogooooodg
OOo0oooooooooood
OO0 oooooQgooooodg
OO0 oDoooo4gooood
OO0 ooooo4Qooooodg
OO0 oo ooo4goooodg
OO0 oooooQgooooodg
OO0 oo ooo4goooodg
OO0 ooooo4Qooooodg
OO0 ooooo4Qgooood
OO0 oooooOooooodg
OO0 oo ooo4Qgooood
OO0 oooooOooooodg
OO0 ooooogogoooodg
OO0 oooooooooodg
OO0 oooooQgoooodg
OO0 oooooooooodg

oo o ooooogoQgog
OO0 oo ooogogg
oo o ooooogoQgog
OO0 oo oooggg
oo oooooogoQgog
OO0 oooooggg
oo oooooogoQgog
OO0 oooooggg
oo oooooogQgog
OO0 oooooggog
oo oooooogoQgog

JP 2010-44055

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

2010.2.25

i i R |

oo oooooogoQgog
OO0 oooooogogog
oo oooooogoQgg

O Ooogooo

O O

O Oooo

O

10

20

30

40

50



OooooooogogQgooao

O
O

OocoOOooogoodg
OooOoOoOoooboogoooOod

Oooooooogogoodg
OooOoooooOooobod

dundant

Ooooooooooooo0o oo oDooo0D oD oDooooDoooDoooooooDooogQgoao
e s e e s e R s s [
Ooo0oooooo0ooooo0o oo oooo oD oDoDooo0ooooDoDoo4oooDooooQgog

|
|

ey e e e I I Iy
OoooooooOoooOooooooooooOooooooboooooooooobooOoOoao

0

e s e e e ) e ) e e ey L s e s Y Y

oo ooooogogoo

OO0 ooooogogog
oo oooooogogo
OO0 ooooogogog
oo oooooogoogo
OO0 ooooogogog
oo oooooogoogo
OO0 ooooogogog
Ooo0oooooogoogoo
OO0 ooooogogog
Ooooooooogoogo
OO0 ooooogogooQg
Ooooooooogoogoo
OO0 ooooogogooQg
Ooooooooogoogoo
OO0 ooooogogooQg
OooooooogooOgoo
OO0 ooooogogoog
OoooooooogooOgoo
OO0 ooooogogoQg
OO0 ooooogogog
oo ooooogogog
OO0 ooooogogog
oo ooooogogoog
OO0 ooooogogog
oo ooooogogoo
OO0 ooooogogog
oo oooooogogoQg
OO0 ooooogogog

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

OoooooQgogao
OOo0o0ooogogogao
Ooo0oooQogogao
Oo0ooogogogao
Ooo0oooQoogoao
Oo0ooogogogao
Ooo0oooQgogoao
OoOoooogogogao
Ooo0oooOoogoao
Ooooogogao
OoooooOoogao
OoooooQgogao
OoooooOoogao
Oooooogogao
OooOooooOoogao
Ooo0oooQgogoao
OooOooooOoogoao
Oo0oooQgogoao
OooOooooOoogoao
Ooo0oooQgogoao
OOo0ooogo-gogao
OoooooQgogao
OOo0o0ooogo-gogao
Oo0oooQgogao
OOo0o0ooogo-gogao
Ooo0oooQgogoao

OOoo0oooodg
O 0O0o0ooood
OOo0ooood
O Oooooodg
OOoo0ooood
O O0Oo0ooood
OOoooood
O0Ooo0ooood
OOoo0ooood
OOoooood
OOoo0ooood
OOoo0oooodg
OOo0oo0ooood
OOoooood
OOoo0ooood
OOo0oooodg
OOoo0ooood
OOoo0oooodg
OO0Ooo0ooood
OOo0o0oooodg
O 0O0oOooood
OOoooood
O 0O0o0oooodg
OOo0ooood
O 0O0o0oooodg
OOooooodg
O O0Oooood
OOoo0ooood
O O0Oo0oooodg
OOoo0ooood
OO0Oo0ooood
OOoo0ooood

OOoooood
O0Oooooogd
OoOoo0oood
O0Ooo0oooogd
OOoo0ooood
OOoo0oooogd

Oooo0ooogoQgoao
Oooooogogoao
Oooo0ooogogoao
Oooooogogoao
Oooo0ooogoogoao
Oooooogogoao

O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0ooo0oao
O Ooo0oooao
O 0Ooo0ooo0oao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooao
O O0Oo0ooogoaog
O Ooo0oooao
O OoO0ooogoaog
O Ooo0oooao
O Oo0oooaog
O Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0ooo0oao

Oooooooogodg

Ooooooogdg

Oooooooodg

Oooooooogdg

OooooooOodg

Oooooooogdg

Oooooooodg

Oooooooogdg

€))

Oooooooodg

Oooooooogdg

Oooooooodg

Oooooooogdg

Ooooooooadg

Oooooooogg

Oooo0oogoood

Oooooooogg

JP 2010-44055

O o0Doooogdg

Oooooooogdg

gooano

O

OOooooogdg

O

Oooooooogdg

O

O0Ooo0oooogod
OOoo0oood
O0Ooo0oooogod
OoOoo0oood
O0Ooo0oooogod
OOoo0oood
OOoo0oooogod
OOoo0oood

Oooooogdg

O

Oooooooogodg

Oooooogdg

Ooo0oooOoooo
Ooooogogooao
Ooo0oooOooOooo
Oo0ooogoQgooao

O

OoooooooQgodg

2010.2.25

gooano

O

Oooooogdg

O

OooooooQgodg

O

OoOoo0ooodg
Oo0Ooo0ood

Ooooooogdg

O

O 0Oo0oo0ooao

O

OooooooQgodg

10

20

30

40

50



(10) JP 2010-44055

gooboooooboooobooobobobooooboboooonb
ooooobObOOooooooooboboboboooooooobobOonn
goooooao
goooboooooboogogobooobobobooobobooonb
ugogoboboooobooooboooobooboooooboboood
gooocooao
goooooooboogoobooobobobooobbooonb
goobobooooobooooobooobooboobooooboooodnb
ooocoobObOO0o0ooooooobobobobooooooooobobOonn
goobooboooooboogogobooobobobooobobooonb
gooobooooobobooooobooooooboooogao
ooooao ggooano
‘ 10 66
48"
e
goooano

FIG. 2(b)

O 0o oo

goagao

0

Ooo0ood

O

O 0o oo

O

O O oo

O

O Oooo

O O oo

A

O 0o oo

2010.2.25

gooano

gooano

gooano
gooano
gooao
gooao

10



(11) JP 2010-44055 A 2010.2.2

Shes ;
oos = =
A a.;. E
t
360
EEMIOES

FIG.7

REMNOESH AR



(12)

ogogoano

MWMW% ——— mERTR R

FREMNDEOH D

A

82‘/{\ FIRI- 2408 Z4—FIND

86
KIvav-OIvDEE <—L

FIAMERTOEYY

FIG. 9

JP 2010-44055 A 2010.2.25



(13) JP 2010-44055 A 2010.2.25

gooooooaoo

(7H000 100118407
ODoooooooo

H000 100125380
00oooo0ooo

(7H000 100125036
0Doooooooo

H000 100142996
ooooooooo

(74000 100154298
0Doooooooo

7H000 100156443
oooooooo

4H000 100162330
00oooo0ooo

(72000 00000000000
00000000000000000000000000000000000000000000
00oooo0ooo

(72000 000000000
00000000000000000000000000000000000000000000
ooooo

0000 (0O) 2F077 CCO8 DDO5 FF34 PP26 QQO5 QQ17



(14) JP 2010-44055 A 2010.2.25

gooooooanb

1. Title of Invention

Inductive Multi-Turn Encoder

2.D iled Explanation of the Invention

Field of the Invention
Various embodiments of the invention described herein relate to the field of
encoders, and components, devices, systems and methods associated therewith.

Background

Multi-turn optical encoders are employed in many different applications.
The mechanical construction of multi-turn optical encoders is normally based on
gear train design, where gears with openings or holes must be provided for light to

5 pass through the gears for subsequent collimation, reflection or detection. The
openings or holes often prevent the gears in optical encoders from being packed
very close to one another, and also reduce the precision that may be obtained for
injection-molded gears. In addition, substrates such as printed circuit boards,
flexible cables and the like are typically required on both sides of the gear train to

10  impart the required mechanical integrity to such optical encoders. Finally, multi-
turn optical encoders are typically incapable of sensing partial revolutions of the
constituent disks contained therein.

Magnetic multi-turn encoders are also known in the art, but are easily
affected by external magnetic fields and cannot operate at very high temperatures

15  without being demagnetized. Such characteristics obviously limit the type and
number of applications in which magnetic multi-turn encoders may be used.

What is needed is a multi-tum encoder that may be made more compact,
manufactured at lower cost, operate at higher precision, and permit partial
revolutions of constituent disks to be sensed and measured.

20
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Summary

In some embodiments, there is provided a multi-tum encoder module
comprising a rotatable shaft having gears disposed about a periphery thereof, a
baseplate having an aperture disposed therethrough and configured to accept at
least a portion of the shaft therein, the baseplate further comprising a plurality of
geared circular disks mounted therein or thereon, at least some of the geared
circular disks having an electrically conductive portion formed thereon or thereon,
a substrate having a plurality of inductive cgoils disposed thereon, each of the
inductive coils being operably aligned and configured in respect of at least one
corresponding opposing geared circular disk and the electrically conductive portion
thereof, and a position logic device configured to determine a rotational
parameter of the shaft on the basis of the relative positions of the geared circular
disks respecting one another as they are sensed by the inductive coils, where the
substrate opposes the baseplate, the shaft is operably and mechanically
connected to at least one of the geared circular disks by the shaft gears, rotation
of the shaft causes the at least one geared circular disks to rotate and thereby
cause the remaining geared circular disks to rotate according to a predetermined
gear reduction ratio, and each of the inductive coils is configured to generate an
output signal representative of a revolution of the geared circular disk operably
aligned in respect thereof and opposed thereto, thereby to permit a number of
revolutions the shaft has rotated to be determined by the position logic device.

In another embodiment, there is provided a method of determining a
number of revolutions a shaft in a multi-tum encoder has turned comprising
providing a rotatable shaft having gears disposed about a periphery thereof,
providing a baseplate having an aperture disposed therethrough and configured to
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accept at least a portion of the shaft therein, the baseplate further comprising a
plurality of geared circular disks mounted therein or thereon, at least some of the
geared circular disks having an electrically conductive portion formed thereon or
thereon, the shaft being operably and mechanically connected to at least one of
the geared circular disks by the gears thereof, providing a substrate having a
plurality of inductive coils disposed thereon, each of the inductive coils being
operably aligned and configured in respect of a corresponding opposing geared
circular disk and the electrically conductive portion thereof, the substrate opposing
the baseplate, providing position logic configured to determine a rotational
parameter of the shaft on the basis of the relative positions of the geared circular
disks respecting one another as they are sensed by the inductive coils, rotating the
shaft and thereby causing the geared circular disks to rotate according to a
predetermined gear reduction ratio, and for each inductive coil, generating an
output signal representative of a revolution of the geared circular disk
corresponding thereto, operably aligned in respect thereof and opposed thereto,
thereby to permit a number of revolutions the shaft has rotated to be determined
by the position logic device.

Further embodiments are disclosed herein or will become apparent to those
skilled in the art after having read and understood the specification and drawings

hereof.
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Brief Description of the Drawings

Different aspects of the various embodiments of the invention will become
apparent from the following specification, drawings and claims in which:

Fig. 1(a) shows a perspective view of one embodiment of an inductive
multi-turn encoder of the invention;

Fig. 1(b) shows a top perspective view of a baseplate and corresponding
geared circular disks mounted thereon corresponding to the inductive multi-turn
encoder of Fig. 1;

Fig. 2(a) shows a side perspective view of one geared circular disk and its
corresponding inductive coil corresponding to the inductive multi-turn encoder of
Fig. 1;

Fig. 2(b) shows a bottom perspective view of the geared circular disk and
inductive coil of Fig. 2(a),

Fig. 3 shows a bottom plan view of the inductive coil substrate of Fig. 1(a);

Fig. 4 shows details of one inductive coil of the substrate shown in Fig. 3;

Fig. 5 shows another embodiment of an inductive coil of the invention,

Fig. 6 shows a schematic electrical diagram of one embodiment of a coil
emitter and a coil receiver of the invention;

Figs. 7 and 8 shows representative modulated and demodulated outputs
provided according to one embodiment of the inductive coils of the invention, and

Fig. 9 shows one embodiment of a block diagram of an inductive multi-turn
encoder of the invention.

The drawings are not necessarily 10 scale. Like numbers refer to like parts
or steps throughout the drawings, unless otherwise noted.
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Detailed Descriptions of Some Preferred Embodiments

Referring to Figs. 1(a) through 4, there is shown one embodiment of multi-
turn encoder module 10 comprising rotatable shaft or pinion 20 having gears 22
disposed about a periphery thereof. Baseplate 30 has an aperture 32 disposed
therethrough, and is configured to accept at least a portion of shaft 20 therein.
Baseplate 30 further comprises a plurality of geared circular disks 41 through 46
mounted therein or thereon, where at least some of the geared circular disks have
an electrically conductive portion formed thereon or thereon. For example, disks
42, 44 and 46 have, respectively, electrically conductive portions 42', 44’ and 46'
disposed therein or therein. Note that for the sake of simplicity and not obscuring
the more salient features of the drawings, geared circular disks 41 through 46 in
Figs. 1(a) and 1(b) are shown without gears disposed about the outer peripheries
thereof. |

As shown, substrate 60 has a plurality of sets of inductive coils 62a through
669 disposed thereon or therein, where each of the inductive coils is operably
aligned and configured in respect of a corresponding opposing geared circular disk
and the electrically conductive portion thereof. A position logic device (not shown)
is configured to determine a rotational parameter of shaft 20 on the basis of the
relative positions of geared circular disks 42, 44 and 46 respecting one another as
they are sensed by inductive coils 62a through 66g.

Further as shown in Figs. 1(a) through 4, substrate 60 opposes baseplate

~ 30, and shaft 20 is operably and mechanically connected to geared circular disk

41 by shaft gears 22. Rotation of shaft 20 causes geared circular disk 41 to rotate
and thereby cause remaining geared circular disks 42 through 46:to rotate
according to a predetermined gear reduction ratio. Each of inductive coils-62a
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through 66g is configured to generate an output signal representative of a
revolution of the corresponding geared circular disk operably aligned in respect
thereof and opposed thereto, which pemits a number of revolutions shaft 20 has
rotated to be determined by the position logic device, which may be any suitable
processing or logic device, such as a controller, ASIC, processor, micro-processor,
micro-controller, CPU, or any combination of appropriate logic hardware and/or
software.

Depending on the particular application at hand, multi-tum encoder module
10 may be configured to provide any of a number of different gear reduction ratios
in respect of rotation of shaft 20 and the rotation of the last geared circular disk
caused to be rotated by the action of shaft 20 rotating, including, but not limited to
gear reduction ratios of 4,096, 2,048, 1,024, 512 and 256. Note that gear
reduction ratios other than those explicitly disclosed herein are also contemplated
in the present invention. Implementation of a selected gear reduction ratio
requires selecting an appropriate number of geared circular disks to employ,
selecting the relative diameters and numbers of geared teeth of such disks
respecting one another, and other factors well known to those skilled in the art of
gear reduction. For example, multi-turn encoder module 10 may comprise three
geared circular disks, where each disk imparts 4 bits of resolution to encoder
module 10. In other examples, multi-turn encoder module 10 may comprise one
geared disk, two geared disks, four geared disks, five geared disks, seven geared
disks, or any other suitable number of gears, where the number of gears selected
will depend on the particular application at hand, the gear reduction ratio that is
desired, and other considerations-and factors known to those skilled in the art.
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As a further example of gear reduction, and referring to Figs. 1(a), 1(b) and
3, there are shown six geared circular disks 41, 42, 43, 44, 45 and 46. In the
illustrated embodiment, central geared shaft 20 is a pinion which meshes with and
is configured to cause rotation of disk 41 when shaft 20 rotates. The gear ratio
between shaft 20 and disk 41 is 1:4. Thus, when disk 41 completes 1 revolution,
shaft 20 has rotated 4 revolutions (22, or 2 bits). The gear ratio between disk 41
and disk 42 is also 1:4. Thus, when disk 42 complete 1 revolution, disk 41 has
completed 4 revolutions (also 22, or 2 bits), while at the same time shaft 20 has
rotated 16 revolutions (2% or 4 bits), and so on. Because multi-turn encoder
module 10 shown in Figs. 1(a), 1(b) and 3 comprises 6 different geared circular
disks, each of which has a 1:4 gear ratio, module 10 is a 12-bit system capable of
sensing 4,096 revolutions of shaft 20 with each complete revolution of the final
geared circular disk in the system, disk 46. (As discussed above, other gear ratios
and numbers of geared disks may also be employed and nevertheless fall within
the séope of the present invention.)

Electrically conductive portions 42', 44’ and 46' of geared circular disks 42,
44 and 465, respectively, may comprise at least one of metal, metal foil, an
electrically conductive polymer, an electrically conductive plastic, a metal alloy, a
combination of metals, or any other suitable electrically conductive material. As
those skilled in the art will understand, however, for most applications metal is a
preferred material.

Inductive coils 62a through 66g may be integrated into substrates 62, 64,
and 66, or positioned or disposed thereatop or therebelow. Inductive coils 62a
through 66g may further form separate components, which are attached to their
respective substrates. Moreover, and as shown in Figs. 2(b), 3, 4, and 5,
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inductive coils 62a through 66g comprise emitter or transmitter coils, and receiver
coils. For example, and as further illustrated in Figs. 2(b), 3, 4 and 5, each of
inductive coils 62, 64 and 66 comprises one pair of emitter coils (i.e., coils 62f and
629, and 64f and 649, and 66f and 66g) and two pairs of receiver coils (i.e., coils
62a/62b and 62c/62d, 64a/64b and 64c¢/64d, and 66a/66b and 66¢/66d). By way of
example, receiver coils 62a and 62b are 90 degrees out of phase with respect to
one another. Other phase differences between received signals may also be
employed, including, but not limited to, 30 degrees, 45 degrees, and 60 degrees.

As shown in Figs. 1(a), 1(b) and 3, each of inductive coils 62, 64 and 66 is
operably located above and aligned in respect of its corresponding geared circular
disk 42, 44 and 46. The electrically conductive portions 42’, 44’ and 46’ of geared
circular disks 42, 44, and 46 are responsive to signals transmitted by inductive coil
emitters 42f and 42g, 44f and 44g, and 46f and 46g, which in tum essentially
reflect such transmitted signals back to differentially paired receiver coils 42a/42b
and 42¢/42d, 44a/44b and 44c¢/44d, and 46a/46b and 46¢/46d, respectively, as
disks 42, 44 and 46 rotate. That is, the rotation of each of geared circular disks 42,
44 and 46 causes the electrically conductive portion thereof to be sensed by the
receiver coils corresponding thereto. Each pair of receiver coils outputs one cycle
of SIN & COS signals for each complete revolution of the geared circular disk in
question. The position logic device or processor then interpolates such signals into
a 4 bit count.

Note that phase differences between receiver coils other than S0 degrees
(e.g., SIN and COS) are contemplated in the present invention, and that such
phase differences ¢an assume any suitable value. Note further that counts other
than those represented by 4 bits are also contemplated in the present invention,
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and may be any suitable number of bits. In addition, it is contemplated in the
present invention that inductive coils 62, 64 and 66 be mounted not only on
substrate 60, but alternatively on baseplate 30, in which case all six functional
gears 41, 42, 43, 44, 45 and 46 would be equipped with inductive coils.

The inductive coils employed in multi-turn encoder 10 described herein are
different from those typically employed in single-tum encoders. For example, the
multi-turn inductive coils disclosed herein comprise discrete and separate emitter
and receiver sectors, while single-turmn inductive coils of the prior art are generally
rectangular in shape. The multi-turn inductive coils disclosed herein comprise a
set of receiver coils capable of “seeing” an entire revolution of a geared circular
disk, while single-turn inductive coils of the prior art contain redundant coils
capable of “seeing” only a portion of the revolution of a disk. While the multi-turn
inductive coils disclosed herein provide only one sinusoidal signal for each
revolution of a disk, single-turn inductive coils of the prior art generally yield
several sinusoidal signal for each revolution of a disk.

Fig. 5 shows one embodiment of an inductive coil 66, which has emitter and
receiver coils 66a through 66g configured as interleaved electrically conductive
traces disposed on an underlying surface, which in turn is attached to or forms a
portion of substrate 60. Fig. 6 shows a representative schematic electrical
diagram of one inductive coil comprising an emitter coil 66f and two pairs of
receiver coils 66a,b and 66c¢,d, which are each operably connected to a
corresponding variable gain amplifier 71 or 72, which are each configured to
receive and amplify the output signals provided thereto by the emitter coils.

Representative waveforms provided.as outputs by receiver coils 90 degrees

‘out of phase with respect to one another are shown in Fig. 7 (before
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demodulation) and Fig. 8 (after demodulation). A carrier frequency signal included
in the output signals provided by the emitter coils may be removed by a suitable
digital filtering circuit, as is known in the art. As further illustrated in Fig. 9, an
analog-to-digital converter configured to convert the output signals provided by the
emitter coils into a digital format may also be employed as part of the position logic
device to provide a digital output signal representative of a shaft position and/or
the number of revolutions the shaft has rotated.

As will now become apparent, the multi-turn inductive encoder disclosed
herein has numerous advantages, including the ability to design an encoder which
has inductive sensors placed on a single side of the module, and providing an
encoder which permits the rotational position of a disk to be monitored an
measured throughout its entire revolution without using an excessive number of
coils, tracks or traces. These features, in turn, permit a multi-tum encoder to be
provided which has increased flexibility respecting gear placement and design in
comparison to optical encoders.

Another advantage of the multi-turn inductive encoder described and
disclosed herein is the ability to place inductive coils on a single side of a gear or
gear frain, which may be especially advantageous when a multi-turn encoder with
inductive coils assembled on a substrate with electronics on board is sold as
module. Various embodiments of the multi-turn inductive encoder of the invention
may-also be configured to generate direct raw output signals conforming to
virtually any desired format such as Gray code, binary and so on, which optical
multi-turn encoders are incapable of providing. The multi-tum inductive encoders
of the invention are also capable of withstanding very high operating temperatures,
and are especially resistant to dust, liquid and other environmental contaminants.
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The inductive multi-turn encoder of the invention may also be fabricated
directly on a flexible circuit, a printed circuit board, a ceramic substrate, or any
other suitable substrate material.

Note that included within the scope of the present invention are methods of
making and having made the various components, devices and systems described
herein.

The above-described embodiments should be considered as examples of
the present invention, rather than as limiting the scope of the invention. In adqition
to the foregoing embodiments of the invention, review of the detailed description
and accompanying drawings will show that there are other embodiments of the
invention. Accordingly, many combinations, permutations, variations and
modifications of the foregoing embodiments of the invention not set forth explicitly
herein will nevertheless fall within the scope of the invention.
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Claims

We claim:

1. A muiti-tum encoder module, comprising:

a rotatable shaft having gears disposed about a periphery thereof;

a baseplate having an aperture disposed therethrough and configured to
accept at least a portion of the shaft therein, the baseplate further comprising a
plurality of geared circular disks mounted therein or thereon, at least some of the
geared circular disks having an electrically conductive portion formed thereon or
thereon;

a substrate having a plurality of inductive coils disposed thereon, each of
the inductive coils being operably aligned and configured in respect of at least one
corresponding opposing geared circular disk and the electrically conductive portion
thereof, and

a position logic device configured to determine a rotational parameter of the
shaft on the basis of the relative positions of the geared circular disks respecting
one another as they are sensed by the inductive coils;

wherein the substrate opposes the baseplate, the shaft is operably and
mechanically connected to at least one of the geared circular disks by the shaft
gears, rotation of the shaft causes the at least one geared circular disks to rotate
and thereby cause the remaining geared circular disks to rotate according to a
predetermined gear reduction ratio, and each of the inductive coils is configured to
generate an output signal representative of a revolution of the geared circular disk
operably aligned in respect thereof and opposed thereto, thereby to permit a
number of revolutions the shaft has rotated to be determined by the position logic
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device.

2 The multi-turn encoder module of claim 1, wherein the gear reduction ratio
in respect of rotation of the shaft and rotation of the last geared circular disk
caused to be rotated by rotation of the shaft is one of 4,086, 2,048, 1024 and 512.

3 The multi-turn encoder module of claim 1, wherein the module comprises
three geared circular disks, each disk imparting 4 bits of resolution to the encoder
module.

4 The multi-turn encoder module of claim 1, wherein the ‘electrically
conductive portions of the geared circular disks comprise at least one of metal,
metal foil, an electrically conductive polymer, an electrically conductive plastic, a

metal alloy, and a combination of metals.

5. The muilti-turn encoder module of claim 1, wherein each of the plurality of
inductive coils is integrated into the substrate.

6. The multi-turn encoder module of claim 1, wherein each of the plurality of
inductive coils forms a separate component attached to the substrate.

7. The multi-turn encoder module of claim 1, wherein each of the plurality of
inductive coils comprises at least one emitter coil and at least one receiver coil.

B. The multi-turn encoder module of claim 7, wherein the at least one receiver
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coil comprises at least one pair of receiver coils.

9, The muiti-turn encoder module of claim 8, wherein the receiver coils are
arranged 90 degrees out of phase with respect to one another.

10.  The multi-turn encoder module of claim 1, further comprising a variable gain

pre-amplifier configured to receive and amplify the output signals.

11.  The multi-turn encoder module of claim 10, further comprising a digital
filtering circuit configured to remove a carrier frequency of the output signals.

12.  The multi-turn encoder module.of claim 10, further comprising an analog-to-
digital converter configured to convert the output signals from an analog form to a

digital representation thereof.

13.  The multi-turn encoder module of claim 10, further comprising a digital
signal processor configured to provide a digital output signal representative of a
shaft position.

14,  The muiti-turn encoder module of claim 10, further comprising a digital
signal processor-configured to provide a digital output signal representative of the
number of revolutions the shaft has rotated.

15.  The multi-turn encoder module of claim 1, wherein the encoder module is
mounted on or attached to one of a flexible circuit, a printed circuit board, and a
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ceramic substrate.

16. A method of determining a number of revolutions a shaft in a multi-tumn
encoder has turned, comprising:
providing a rotatable shaft having gears disposed about a periphery thereof;

providing a baseplate having an aperture.disposed therethrough and
configured to accept at least a portion of the shaft therein, the baseplate further
comprising a plurality of geared circular disks mounted therein or thereon, at least
some of the geared circular disks having an electrically conductive portion formed
thereon or thereon, the shaft being operably and mechanically connected to at
least one of the geared circular disks by the gears thereof;

providing a substrate having a plurality of inductive coils disposed thereon,
each of the inductive coils being operably aligned and configured in respect of a
corresponding opposing geared circular disk and the electrically conductive portion
thereof, the substrate opposing the baseplate;

providing position logic configured to determine a rotational parameter of
the shaft on the basis of the relative positions of the geared circular disks
respecting one another as they are sensed by the inductive coils;

rotating the shaft and thereby causing the geared circular disks to rotate
according to a predetermined gear reduction ratio, and

for each inductive coil, generating an output signal representative of a
revolution of the geared circular disk corresponding thereto, operably aligned in
respect thereof and opposed thereto, thereby to permit a number of revolutions the
shaft has rotated to be determined by the position logic device.
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17.  The method of claim 16, wherein the gear reduction ratio in respect of
rotation of the shaft and rotation of the last geared circular disk caused to be
rotated by rotation of the shaft is one of 4,096, 2,048, 1024 and 512.

18.  The method of claim 16, wherein the electrically conductive portions of the
geared circular disks comprise at least one of metal, metal foil, an electrically
conductive polymer, an electrically conductive plastic, a metal alloy, and a

combination of metals.

19.  The method of claim 16, further comprising integrating each of the plurality
of inductive coils into the substrate.

20. The method of claim 18, further comprising forming a separate component

for each of the plurality of inductive coils and attaching same to the substrate.

21. The method of claim 16, further comprising providing each of the plurality of
inductive coils as at least one emitter coil and at least one receiver coil.

22, The method of claim 21, wherein the at least one receiver coil comprises at
least one pair of receiver coils.

23.  The multi-turn encoder module-of claim 22, wherein the receiver coils are
arranged 90 degrees out of phase with respect to one another.
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24. The method of claim 16, further comprising providing a variable gain pre-
amplifier configured to receive and amplify the output signals.

25. The method of claim 16, further comprising providing a digital filtering circuit
configured to remove a carrier frequency of the output signals.

26. The method of claim 16, further comprising providing an analog-to-digital
converter configured to convert the output signals from an analog form to a digital

representation thereof.

27. The method of claim 16, further comprising providing a digital signal
processor configured to provide a digital output signal representative of a shaft

position.

28. The method of claim 16, further comprising providing a digital signal
processor configured to provide a digital output signal representative of the
number of revolutions the shaft has rotated.

1. Abstr

According to one embodiment, there is provided an inductive multi-tum
encoder which employs inductive means to determine the number of revolutions a
central shaft operably connected to the module has tumed. The inductive coils
comprise emitter coils and receiver coils, which are operably associated with and
opposed to corresponding geared circular disks, which in turn are arranged to
implement a predetermined gear reduction ratio. The inductive multi-turn encoder
is capable of operating under high temperature conditions and withstanding the
effects of various environmental contaminants. The inductive multi-tum encoder
disclosed herein is also amenable to miniaturization and low cost manufacturing.



FIG. 2(a) FIG. 2(b)
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