(19) B FEREFT (JP)

B T EF L &AM

JP 2005-508516 A 2005.3.31

(D) FFHELARES
¥53R2005-508516

(P2005-5085164)
43) £%A FR17THEIAIH(2005.3.31)

(51) Int.CL." Fl F—va—F (BE)
GO2B 5/ GO2B 5/122 2H042
B41M 5/40 GO2B 5/128 2H111
GO2B 5/128 B41M 5/26 H
EEWR RER TFRBEWR A (£ 43 B
21) HEES $E2003-541950 (P2003-541950) |(71) HAEA 599056437
86) (22) HEH SERE144E11 B5H (2002.11.5) AN —=Th A INATF4F FOAT4
S5) BIERSCIRIE  ERR164E4A 300 (2004. 4. 30) Z HIS—
(86) EREIHEE S PCT/US2002/035417 FTAVAERE, I4AVE2 55144-—
87 EEAMBSE  W02003/039883 1000, ¥ b #—n, ZYV—TAh
87 ERELHME SERL 15458 158 (2003. 5. 15) 2 h—
(31) BEIBETBEE  60/332,885 (74) fEE A 100099759
(32) ®%H SERE134E11 B5H (2001.11.5) #E+ BF =
(33) BAEERE  KE (S (T4 KA 100077517
#E+ AA W
(74) fREE A 100087413
#E+ HE BX
(74) R A 100111903
#E+ KR KE
R EICHE S

64) [READEM BRRAES—F ZAORT2HESLOHRA

(57)00 00

ooobooooOobOoooooboooobooooboooobooboooboooboooboooboooboodog
uoboboobOoo0ooOoo0oobOooobOoo0oobOoo0ooOooooOooOoOobooobooOobooOooodg



e R ey [ s R s [y |

e e e e e e e e s |

OoooooogQgooao
OO0 oDoooggogoao
Ooooooooogooao
OoooooooQgooao
OoooooogoQgooao

OoooDoooooooooogoooooodg
OO0 o0ooDoogogUooooDooo4gogUogooood

O0Ooo0oo0ooao

O
OJ
O
O

O
O
O
O

O Ooogoo
O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0gooo

O
O
O
O

O
OJ
O
O
O

OoooooooOoogoo
OooooooogoQgoo

O
O

O
O

O0Ooo0oooao

O 0Ooo0oooao
O OooQgooao
O O0OoQgooao
O 0Oo0oo0ooao
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog
O 0Oo0ooo
O 0Ooo0ooo

(2)

JP 2005-508516 A 2005.3.31

10

20

30

40

50



O
O

O Oooooao
O

O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao

O
O

OJ
O

O OooQgooo

O
O
O
O
O
O
O
O
O
O

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

I s e e s A
O oOooo

OO0 o0ooOooo4o0 oo oooo o0 oo oDoooo0ooooodg

O
O

O
O

O
O

O
O
O
O
O
O
O

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

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 [ |
OoooooooooooQgdg

Ooooooooooooogdg

O 0Oooo
O 0Oooo
O 0Oooo

(3) JP 2005-508516 A 2005.3.31

O
(]
O

gobooooobooboobooobad

O
O
O
O
O
O



e R ey [ s R s [y |

e e e e e e e e s |

= e e s e e e e e e s e ) e I s s [y [ |
e e A s e e e e e s [ |

[ = e [ ) [ I
e [ ey e [ s [y [ |

Oooo=T oogogg
Oooooogogdg

Ooooooooooooogoooao

OoOoo0oooao
O 0Oo0oooo
O0Ooo0oo0ooao

O
O
O
O
O
O
O
O
O

Oooooooooooooogdg

O
OJ
O
O
O
O
O

O
O
O
O
O
O
O
O
]
O

O
O
O

OOoo0ooooao

O
O
O
O
O
O
O
O

Oooooooooooogdg
OO0 oDoDooogooooogd
Ooooocoooooooogod
Ooooocoooooooogdg
Oooooooooooogdg
Ooooooooooooogdg
OoDoDoDooogooooogdg
Oooooooooooood
Ooooooooooooogd
Oooooooooooogdg
Ooooooooooooogdg
OO0 oDoDoo4gogooooogdg
Ooooocooooooood
Ooooocoooooooogodg
Oooooooooooogdg
Ooooooooooooogdg
OooDoooogooooogdg
OO0 O0DoDoogogooooogd
Ooooocoooooooogodg
Ooooooooooooogdg
Oooooooooooogdg
Ooooooogooooogdg
OO0 oDoDooogogooooogd
Ooooocoooooooogod
Ooooooooooooogdg
Oooooooooooogdg
OoooDoooooooogdg
OO0 oDoDoogogooooogd
Ooooooooooooogod
Ooooocoooooooogdg
Oooooooooooogdg

O 0O oo

O
O

Ooooooggdg

O O0ooo

OooOoooooQdgdg

O
O
O
O
O
O
O
O

O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo
O Ooo0ooOoo

T OoOo0ooogooQgo-g
OoooooogoQgog

Oo0oooogoQgdg

Ooooooggdg

OooOoo0ooooQgadg

Ooo0oooogoQgdg

Oo0oooogQgdg

Ooo0oooogoQgdg

O
O
O
O
O
O

Oooooogogdg

(4)

OooOoo0oooodgadg

OoooooogoQgdg

Oo0oooogQgdg

OoooooogoQgg

Ooooooggg

OoOoooogoood

OoT OoOooogao
Oo0oooogoQgdg

JP 2005-508516 A 2005.3.31

oooooobOoooogao

OO0 oooooogoogoooao
OO0 ooooogogogoooao

OooooogQgog
Ooooooggdg
Oo0oooogogdg
Ooooooodgdg
Ooo0oooogoQgg
OooooogQgg
OooooogoQgdg
Oooooogogdg
OooOooooodgadg
T OoOo0ooogooQgo-g
OoooooogQgdg
Oo0oooogoQgdg
Ooooooggdg

10

20

30

40

50



oo+ ooooooooooo00oooDoooo oD oo oDooo oD oooDoDooooo0 oo oDoDoooDoDoDooogQgoQgoQm

e e e e e e e e e [y s [ |
[ s e ey e s e ) e e s [ s [ |
s e e e e e e e [ A s [ s [
OoOoooooooDooooooo0o oo ooooooooDoDooooooDoooogoooao
Oooooooo0ooooooo00 oo oooo oD oo oDoDooo0DooDoDooogoooao

Oo0oooogoQgg

O Ooo0oooao
O Ooo0oooao
O O oOgooog
O Ooo0oono
O Ooooo

O
O

O
O

O
O

O
O
O
O
O
O
O
O

OoOoooooao
OOoo0ooooao
O O0Oo0ooooao
OoOoo0oo0oo0ooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Ooo0oo0oo0ooaoo
OoOoo0oo0oo0ooao
OoOoooooaoo

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

OooooooogooQgooao
Oooooooogogogooao
OO0 ooDooogogooao
Oooooooooogooao
Oooooooogoogoooao
Ooooooooogooao
Oooooooogogogooao
OO0 ooooogogooao
OoooooooogoOooao
Ooooooooogooao
oo oooooogoogoooao
Oooooooogoogooao
OO0 oooooogogooao
OOoooooooOgooOooao
Ooooooooogooao
Oooooooogoogoooo
Oooooooogoogooao
Oooooooogogogooao
OO0 ooooogogooao
Oooooooooogooao
Oooooooogoogoooao
OooooooogoQgooao
Oooooooogogogooao
OO0 ooooogogooao
OooooooooQgooao
Ooooooooogooo
Oooooooogoogogooao
Oooooooogoogooao

Oooooogogdg

Ooooooggdg

OooOoooooQdgdg

Oooo= o0oogoogog
OoooooogoQgog

OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooaog
OO0Ooo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
T Ooo0OoOgoog
OoOoo0ooooao
OOoooooaogo
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooog
OOoo0ooooaog

O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo

()

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

JP 2005-508516 A 2005.

O 0Ooogo
O 0ooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0ooo
O 0Oooo
O Oooo

OO0 ooooooggogg
Oooooooooogoogod
Oooooooooogoogo-g
oo ooooooogogoo-g
OO0 oooooogogog
OO0 oooooogogogog

O Oooo

.31

O Oooo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

OoOOooooo40ooooooo400UoooDooooo oD oo oDoDoUU oo oDoDoooUoDoDooogogooao
e e e e e e e e e e s ) e Y Y I Y
Oooooocoo0ooooooo0o0 oo oDooo oo oo oDo oo oo oooDoDooo0oo0o0Dooooogogogooao
Oooooooo0oDoooooo00 oo oooo LoD ooDoDoDoooo0DoooDoDooo0oo0oDoDooogogoooao

O Oooo
OO oo
O 0ooo
O 0Oooo

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

oo ooooooogdg
OO0 ooooooogdg
OO oooooogdg
Oooooooooodg
oo ooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg
Oooooooood
oo ooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 oooooogdg
Ooooooooood
Oooooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg
oo oo ooooogdg
Oooooooooogodg
oo ooooooogog
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg
Oooooooooogodg
oo ooooooogodg
oo ooooooogg
OO0 ooooooogdg
OO0 ooooooogdg
Oooooooooodg
oo ooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg

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

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

OoooooogogoaoQg
OooooogogoQg
Oooooogogdg
Ooooooooogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
Oooooogogodg
OoOooooooogoad
Oooo0oooOgooQgaQg

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao

O 0Ooo0oooao
O 0Ooo0oooao
O Ooogooao
O OooQgooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooao
O Ooogooao
O O0OoOgogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooogoooao
O O0OoQgooao
O 0Oo0ooOooao
O 0Ooo0oooao
O 0Ooo0oooo
O oOooQgoooao
O O0OoQgooao

O
O
O

O
O
O

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

(6)

O
O

0O O
[ |

Ooooooood
Oooooooogod
Oooooooogd
OOoooooogd
OOo0Dooooogd
OoOooooood
Oooooooogod
Oooooooogod
OOoooooogd
O0oooooogd
Ooooooood
Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd
OoOooooood
Oooooooogod
Oooooooogod
Ooooooogd
OOoooooogd

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

O
O
O
O
O
O
O
O
O
O
O
O
O
O
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 2005-508516 A 2005.

.31

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 [ [ |

Oo0o0ooooUogUoooDoDoDoUgUooDoDooogogooao
OooooooooooooooooooooogogoooOoao
Oooooooo0oooooooooDooooogooooao

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
OooooooogoQgooao
OoooooogogQgooao
OoooooogogQgooao
Oo0oooogogogooao

OO0 o0ooDoogg4UoooDoooggUoooDooogogogaog
Ooooooooo0oooooooooooooogoao-g
OoOooooooo0oooooooooooogogogoogoaoQg

OoooooogooQgogoog
Oooooooggogog
OoooDoooggogog
OOoo0ooooooOooOod
OooooooogoogooQg
Ooooooogogogogoo-g
Ooooooogogogoog
Oooooooggogdg
OOoo0ooooogooOod
OoooooooogooQg
OooooooQgogo-g
OoooooogogogogooQg
Oooooooggogog
OOoo0ooooooOod
OoooooooogooQgoQg
OooooooogogooQg
Ooooooogogogoog
Ooooooogoggogg
OO0 oooooggogog
OoooooooogooQgod
OooooooQgogooQg
OoooooogoogogooQg
OooooooggogoQg
OO0 oooooggogdg
OoooooooogooOgoQg
OoooooooQgoogoaoQg
OoooooogogogooQg
Ooooooogoggogog
Oooooooggogog
OOoo0ooooQgooOo-g
OoooooooQgoogoQg
Ooooooogogogdg
OoooooogogogogooQg
Oooooooggogog

OoooooooQooooao

Oo0ooooooooooao
OOo0oooooogogogooooao
OO0 ooooogogogoooao
OoooT o0 ooooooao
Oo0ooooooooooao

OooooooQgogoooao

OO0 ooDooogoQgogooao

Ooo0oooooOooOooOooao

OoooooooQooooao

OoooooooQgoooao

OO0 oooooogogoo
OO0 o ooooogogoo
OO0 ooooooogogoo
Oooooooooogoogooo
oo o ooooogogoo
OoT OoOooooogogoo
OO0 o0 ooooogogoo
OO0 o0ooooogogoo
OooooooooogogooOoao
oo oooooogogogoo
OO0 oooooogogogoo
OO0 oooooogogooo
OO0 oooooogogoo
OO0 o0ooDooogogoogao
Ooooooooogogoo
oo o oooooogoQgg
oo o0 ooooogoQgg
OoooQoT ooooggg
OO0 oo ooDooogogdg
Oooooooooogoogoodg
oo o oooooogoQgg
oo o0 ooooogoQgg

OoooooogoQgoooao

OO0 ooooogogQgogooao

OOoo0oooooOooOooOooOoao

OoooooooQooooao

OooooooQooooao

OooooooQgoooao

OoDooooogoQgogoooao

~
R
~

OOoo0ooooooOooOooOooOoao

Oooooooooooao

OooooooQogoooao

OooooooQgoooao

OO0 ooooooggogoQg
OO0 oooDoooggogdg
OooooooooQgoogoo
OO0 ooooooQgogooQg
Oo0oooooogogogogooQg
Oo0ooooooggogoQg
OO0 oooDoooggogodg
OooooooooOgoogod
OooooooooQgogooQo
Oo0oooooogogQgogooQg
Oo0ooooooggogooQg
OO0 ooooooggogog
Ooo0oooooooogoogood
OooooooooQgogogooQo
Oo0oooooogogogogoo-g
oo oooooogoggogooQg
OO0 ooooooggogodg

JP 2005-508516 A 2005.

(00D O000)O

OO0 o ooooogogoao
OO0 o ooDooogogogao
Ooo0ooooooogogooao
OO0 oooooogogoo
OO0 oooooogogooog

OO0 o ooooogogogoao
OO0 oooooogogogao

w
[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 [ [ |

OO0 oDoooggUoooooogogogao
Ooooocooooooooogoogoao

O Ooo0ooo
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
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

e e e e s e e s [ s [ |
Ooo0oooooo o0 oo oDooo o0 oo oD oooo0oo0oo0DooooQgoogoo
I [ e e s s sy |

OO0 oooooo0ooDooooooooooog
OO0 Do oODoooo0ooDooooogogoooooog
OO0 00D oooogoooDoooggogoooooog
OOo0oooooooooooooooooooao
Oo0ooooooo0ooDooooooooooo
OO0 o0ooOoooo0ooDooooooooooo
OO0 ooOooo4o0ooDooooooooooog
OO0 0o oDoooo0oooDoooggogooooog
OOo0oooooooooooooooooooao
Oo0oooooooooooooooooooao
OO0 oDo0ooODoooOo0ooDoooo oo ooooo
OO0 o0ooDoooo0ooDooooooooooog
OO0 0o oODooo4o0oooooogogogoooooog
OOo0oooooooooooooooooooao
OOo0oooooooooooooooooooao
OO0 o0oo0ooODoooo0ooDooooooooooog
OO0 oooOooo4o0ooDooooooooooog
OO0 Do oODoooo0ooDoooogogoooooog
OO0 000D ooogoooDooogogoooooog
OOo0oooooooooDooooooooooao
OO0 o0DooOooo oo oDooooooooooog
OO0 ooODoooo0ooDooooooooooog
OO0 ooDooo4o0oooooooggogoooooog
OO0 Do ooo 0o ooDooog4gogoooooog
OOo0oooooooooooooooooooao
OO0 oooooo oo oDooooooooooo
OO0 ooOoooo0ooDooooooooooog
OO0 Do oODooo4o0ooooooogogoooooog
OO0 Do oDODoooggoooDooog4gogoooooog
OOo0oooOooooooooooooooooao
OOo0oooooooooDooooooooooo
OO0 oDoooooo0ooDooooooooooo
OO0 oooooo0oooDooooooooooog
OO0 Do oDoooggooooooggogoooooog

Ooooooooogogooo
Oooooooogogoog
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg
OooooooogoQgog
Oooooooogogog
OOoooooogogg
OoOooooooogooOod
OooooooogooQgodg
Oooooooogogodg
Oooooooogogog
OOoooooogogg
OO0 ooooogogog
OoooooooogoQgdg
OooooooogoQgg
Oooooooogogog
Oooooooogogg
OO0 ooooogogg
OOooooooogoQgodg
OooooooogogoQgg
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogoOodg
OooooooogooQgg
OooooooogoQgg
Oooooooogogog
OOoooooogogg

Ooooooogd
OOoooooogd
OOooooogd
OoOoo0oo0oooogod
Oooooooogod
Oooooooogd
OOooooogd
Oooooogd
OoOoo0oooood
Oooo0ooooogod
Oooooooogd

OO0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
O0Ooo0oo0oooao
OOoo0ooooao
OO0O0oo0ooooao
O O0Oo0ooooao
O O0Oo0Oooooao
OO0Ooo0oo0oooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O O0Oo0Oooooao
OO0Ooo0oo0oooao
OOoo0oo0oooao
OOo0o0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oo0ooao
OO0O0oo0oo0oooao
OOoo0ooooao
OO0Oo0ooooao
O O0Oo0ooooao

(8)

JP 2005-508516 A 2005.

.31

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 [ |

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 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
O
O
O
O
O
]
O
O
O

Ooo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
Ooo0ooood
Ooo0oooogod
OoOoo0oooogod
Ooo0Ooo0oood
OooOoo0ooood
Ooo0ooood
OoOoo0oooogod
OoOoo0oooogod
Ooo0Ooo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood

oo o0 oooooogog
OO0 o oooooogdg
OO0 o oooooogdg
oo ooooooodg
oo o oooooogog
oo o0 oooooogog
OO0 o0 oooooogodg
OO0 o oooooogodg
Oooooooood
oo o oooooogodg

O Ooo0ooooao
O 0Ooo0ooooao
O 0O0Oooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
oo oo oo
O 0Ooo0oo0oooo
O Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooao
O OooOoooT O
O 0Ooo0ooooo
O Ooog= ooo

Ooooooooooooogodg
OoooDooogoooooogd
OO0 ooDoogoooooogd
Ooo0ooooooooood
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooooooooogdg
OO0 ooDoogogogogooooogd
OOooooooooooood
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooooooooogdg
OooDoDoogogoooooogd
OOo0ooooooooooood
Ooooooooooooogod
Ooooooooooooogodg
Ooooooooooooogodg
OoooDooogogoooooogdg
OO0 OoDoDoogogoooooogd
Ooooooooooooogod
Ooooooooooooogodg
Ooooooooooooogodg
OoooDoogogoooooogod
OO0 oDoDoogogoooooogd
Oooooooooooood

c O oo 0Ooogao
oo o0 oooooogg
OO0 o oooooogdg
OOooooooood
oo ooooooogodg
oo o0 oooooogodg
OO0 o0 oooooogodg
OO0 o oooooogdg
OO0 oo ooooogdg
oo ooooooodg
oo o oooooogodg
oo o0 oooooogg
OO0 o oooooogodg
OO0 o oooooogdg
oo ooooooodg
oo o oooooogog
oo o0 oooooogodg

O

(9

O
(]

O
O

O Oooooao
O Oo0ooogoao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0ooooo
O Oooooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0ooogoao

Ooo0oOo0ogoood

O0Oo0oo0oo0oao

O0Ooo0oooao

JP 2005-508516 A 2005.

ugboobooaooboodoboad

O0Ooo0oooo

O0Ooo0oooao

O 0Oo0oooog

O0Oo0oo0oo0oao

O0Ooo0oooao

Oo0ooooooQgoooao
Oo0oooooogoQgoooo
OO0 oooooogoggoooao
OO0 oooDoooggoooao
Oo0oooooooogoOoooao
Oo0ooooooogogoooao
Oo0oooooogoooao
Oo0oooooogoggoooao
OO0 oooDooogoggoooaog

O0Ooo0oooo

OoooooQgogoaoQg
Ooooooggogaog
Oooo0oooOoogoao
OooooooQgogoao
OooooooQgogo
OooooogoQgogoaoQg
Oooooogoggogaog

OOooo=T O

O 0OoO0oooaog

O0Oo0oo0oo0oao

O« O0Oo0oo
O0Ooo0oooo

O0Ooo0oooao

.31

O 0Oo0oooao

10

20

30

40

50



e R ey [ s R s [y |

e e R e e I |

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

O
O
O
O
O

e e e ey s e s e e |

Oo0oDooodUoooDoDooUo4dooDooogogogogoooao
Oooooooooooooooxooooogoooao

Oooooooooooooogogoao

OO0 Do oDoogog4QggooDooo4dgooooao

Oooooooooooooooogoooooao

Oooooooo o0 ooooogogooooaoo

O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog
O 0Oo0ooo
O 0Ooo0ooo
O 0Ooogooo
O Ooogoo
O OooQgoaog
O 0Oo0oo0oo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
O Ooogoog
O O0OoQgogog
O 0Ooo0ooo
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

OOoo0ooooao

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

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

Ooo0oooogQgoo
OooooogQgoao
OoooogQgogao
Oooo0ooogoao
Ooo0oooogoQgoo

O

OO0 ooooooogoooooog

OO0 oooooogoggooooog

OO0 OoDooDoogog4gooooog

Ooo0oooooooogogoooao x

Oo0oooooooooooo

Oooooooogd
OOooooogd
Oooooogd
OoOoo0oooood
Oooo0ooooogod
Oooooooogd
Ooooooogd
OOoooooogd
OoOoo0oooood
Oooo0oooogod
Oooooooogd
Ooooooogd
OOooooogd
Oooooogd
OoOoo0oooood
Oooooooogd
Ooooooogd
OOooooogd
OOoooooogd
OoOoo0ooooogod
Oooooooogdg
Ooooooogd
OOoooooogd
OOooooogd
OoOoo0oooood
Ooo0oooogod
Oooooooogdg
Ooooooogd
OOoooooogd

OO0 oooooo4gogooooog

OO0 oooooogogooooog

OO0 oDooDoogog4Qgooooog

Oo0ooooooooooooa.o

Oo0ooooooogoooooano

OO0 oooooo4gogooooog

OO0 oooooo4gogooooog

OO0 oo oDooogog4Qgooooaog

(10)

O
(]

0O O
[ |

Oo0ooooooooooooao-o
Oo0ooooooogoooooao

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

[ |

Oo0ooooooogogooooono

OO0 ooooooogooooog

OO0 oooooogog4Qgooooaog

|

O

Ooooooooooogoooogo

OOo0oooooooooooao

Oo0ooooooogoooooao

JP 2005-508516 A 2005.

Oo0ooooooogoooooog

OO0 oooooogog4Qgooooog

OO0 Do oDoogog4gooooog

Ooooooooogoooooao

Oo0oooooooooooo

OO0 oooooogogooooo

OO0 oooooogogQgooooog

OO0 Do oDoogog4gooooog

Oo0ooooooogoooooao

Oo0ooooooogoooooano

Oo0oooooo4gogooooaog

OO0 oooooogogooooog

.31

OO0 ooDoogog4gogooooaog

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 [ [ |

Oo0o0ooooUogUoooDoDoDoUgUooDoDooogogooao

OO0 oooogogdg
OoooooooOgoad
OoooooooQgooQgQd

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

O 0OoOooo
O 0Ooo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O O0oo0ooOoo
O 0Ooooo

OO0Oo0oo0ooogod
I A
OOoo0oood

O
O

OOo0oooooooooooooooooood
Oo0oooooooooDoooooooooodg

O
O

O
O
O
O

O oOooo
O Oooo
O 0Ooo
O 0ooo
O O0ooo
O 0Oooo

O oOooo
O Oooo

O
O

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

Oooooooogdg
Ooooooogd

O 0OooQgoooo
O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo
O Ooogooo
O Ooogogoao
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Ooo0gooo
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo

O
O

O

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

O
O

O OO
[ O R |

O 0oo o
O 0Oooo
O Oooo
O Oooo
O Oooo

O Ooooo
O
O
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo

(11)

O
O

O
O

JP 2005-508516 A 2005.3.31

0000000000000 O0OO0O00
0000000000000 O0D0O00
0000000000000 OoOO0O0
OoDooooaOo

0000000000000 OoOO0O00
0000000000000 O0O0O00
‘0popoO000000000000D0
0000000000000 O0O0O00
0000000000000 O0OO0O00
0000000000000 OoOO0O00
0000000000000 O0O0O00

‘0000000000000 000D0000000000O0000a0
gooooobooocooooooobbooboboooooobobDboooo
gboboobooooobogan

ooooao

gbooooobado

‘ooooooon?

O O
O O
O
]
O

O d
O d
[ |
[ |
[ |

O 0O0Oooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooo
O Ooo0ooooao
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO ogogooao
O 0Oo0ooOooao
O 0OooO0oooo
O 0OooQoooo

OJ
O
O
O
O
O
O
O
O

O
O

O
O
O
O

oo

O
O

g o

|
[

go

O Ooogooo
O Ooogooao

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

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 [ |

Oo0oooooooooooOgodg

Oooooooooogogoao
OoooooooooQgogooQm

O O0ooo

O
O

O
O

OOoo0oo0oo0ooao

OoOoo0ooooaoo

O 0ooo

O 0Oooo

O 0Oooo

Ooooooooogoooao

O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
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

O

O oOooo
O Oooo
O 0Ooo

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

O Oooo

O 0OooQgoooo
O OooQgooo
O O0OoQgogoao
O 0OooO0oo0ooao
O 0oo0goooo
O 0OooQoooo
O Ooogooo
O Ooogogoao
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Ooo0gooo
O Ooogoooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0gooao
O 0Ooo0oooo
O 0OooQgoooo
O Ooogooo
OO oQgogoao
O 0Ooo0goooao

O
O
OJ
O

O Oooo

O Ooogoo

O Ooogoo

O 0O oo

O 0O oo

O O0ooo

O O0ooo

O O0ooo

O O0ooo

O 0Oooo

O 0Oooo

O Oooo

O Oooo

O Ooogo

O Ooogo

O O0ooo

O O0ooo

O O0ooo

O O0ooo

O Oooo

O Oooo

O Oooo

O Oooo

O Ooogo

O Ooogo

(12)

O
(]

O
O

O 0ooo
O O0ooo

O 0ooo
O O0ooo

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

O O0ooo

O O0ooo

O Oooo

O Oooo

O Oooo

O Oooo

O o0ood |

|

O

O o0ood

O O0ooo

O O0ooo

O Oooo

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

O Oooo

JP 2005-508516 A 2005.

ugboobooaooboodoboad

O Oooo

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

O Oooo

O 0O oo

O O0ooo

O O0ooo

O Oooo

O Oooo

O O oo

O O0ooo

O O0ooo

O 0Oooo

O Oooo

.31

O Ooogo

10

20

30

40

50



(13) JP 2005-508516 A 2005.3.31

goooooooooooooooooouoooto oo ooooooobooooooooo
godooooooooooo0obooo0obooooootoooooooboooboooooonooan
Ooooooooooooooococoooooooooooo0oanonanooan

Ooo0o0oooao
goooooooooooooooooogoooouooooooooobooooogooOgoo
goooooooooooooooocoooooooooooDoooooooooooo
oo0o0oooo0oooOooooooooooobooooboonono

Oo000o0oo0oao

Oooogaod

[

E =1

' ENfR) & & 5T STl D EHEA

: (POR)

[ 1 ERIZL L -MRIMBEEI10%kRT. KNOXFRARITTINS, F

[ SEELAmARAGWLWAA—a—F, TavYERiIFRe, AT

[ BT —2IZERM Rz,

[ 2 £ 5 —HRWBEE%NRME, NEOXFEMRRITTLIS, W Dh

[ DRKELXFIFARMEHA TS, N—2—FIRFIFERLEHNFEHS

[ mhily, JayvsERizExs ofibd, WCOrOFERLET—

: SIEERIEIHh B,

[ 3 T — BRI R EHNI%TH AN, LW I2IDE. MELLY

[ Haby, DEGRXFIFFEALHNREND, KELEXFEFLT

: ERlchz, NA—a— FIZHELELATFTEEME LA, FIF

[ FEAMYARE, JOv I EBIKELEUR—ILBIUE, W

: OHhDINSEXFUSNDT—H2ITHFTE S,

[ 4 BiF—HREEEHNVTEMLGEALY, MSHEVR—NLE

: W DI DEMLRIBRELITEHEBOBEEFELZBRTETOH

: RIZBH¥, 2TOT—RFHFTES,

: 5 FEEIZBIF-EREBEH. 9% T, RETIEFIZHAOTIVE

: B CENLERULERI

[

O

Ooo0Ooooaod

oboooboboooboooboag

oooooao
ooogoao

10

20

30



[ T e T e T e T e T e T e T e O e O s Y s O e O e Y s O s T s T s B e T e |

OOoo0ooooao

O — — — @ —osm

OooooooogQgdg

(14) JP 2005-508516 A 2005.3.31

&2
EHEH ERRl~ v F S2&R510Y R DC3OH T 7 A 7 T I~
RERTE TOPOR TOPER
EBHI th. 25 5 5
SE MBI K. 23 3 4
5 HR 1512 th. 25 5 5
2 i, 23 3 4
RHEHI3 th, 25 5 5 10
RHEH3 ig. 25 3 4
RiEHI4 i, 25 5 5
K4 {E. 23 5 5
EE & {RIA th, 25 2 2
EE B RIA {€.23 1 1
Le 8458 /. 25 2 2
84518 K. 23 1 1
20
Oo00oo0oaod
goobooooooobooooooooooootoooooDoooooooooooao
goooooooooooo0oboooobooouoootoooooooooooboooooaodan
OoooooooooooooooooooooooooooDooooooooogogoao
goooooooooooocoooooooooonoaooan
Ooo00ooao
000
#3 %0
S B ~v F|PQR
BERTE
E e 1 & 5
L8 7IA & 2
B 5B 5 2
Ooo0oo0ooao
goooooooooooo0oboooobooouoootoooooooooooboooooaodan
Oo0000aod 40
gooooooooao
Ooo00ooao
Ooo0ooooooooooococoooooooooonaonan
gooooooooooooO0obooo0oobooooootooboooobooooobooboooooaodan
O
gooooooooooooooocooooootooooooooooooooao



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

ugbooobooodoboado

L]
<
e
®
=
@
)
S
IS
o
g

(15)

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

(19) World Intellectual Property Organization
Tniernational Bureau

{43) International Publication Date
15 May 2003 (15.05.2003)

PCT

(10) International Publication Number

WO 03/039883 Al

(51) Taternational Patent Classification” B41M 5/00

{21) Iuternational Application Number:  PC1/US02/35417
{22) International Filing Date:
5 November 2002 (05.11.2002)

{25) Filing Language: English

{26) Publication Language: Fnglish

{30) Priority Data:
60/332,885 5 November 2001 (05.11.2001)  US

(71) Applicant: 3M INNOVATIVE PROPERTIES COM-
PANY [US/US]; 3M Center, Post Office Box 33427, Saint
Paul, MN 55133-3427 (US).

(72) Tnventors: DO, Thanh-Huong T.; Post Officc Box
33427, Saint Paul, MN $5133-3427 (US). LOOK,
Thomas F.; Post Office Box 33427, Saint Paul, MN
55133-3427 (LIS). ORENSTEEN, Bruce D.,: Post Office
Box 33427, Saint Paul, MN 55133-3427 (US).

{74) Agents: FISCHER, Carolyn A, et al.; Office of Intellec-
tual Property Counsel, Post Olfice Box 33427, Saint Paul,
MN 55133-3427 (US).

(81) Designated States (national): AB, AG. AL, AM, AT (uiil-
ity model), AT, AU, AZ, BA, B!
CII, CN, CO, CR, CU, CZ (uiility model), CZ, DE (u
ity model), DL, DK (utility model), DK, DM, DZ, LC, L
(utility model), 1ili, IS, I'[ (utility model). 11, GB, GD, GIi,
GH, GM. HR, HU, TD, T, TN, IS, JP, KE, KG, KP, KR, K7,
LC, LK, LR, LS. LT, LU, LV, MA, MD, MG, MK, MN,
MW, MX, MZ, NO, NZ, OM, PII, PL, PT, RO, RU, SD,
SL, SG, SI, SK (utility model), SK, SL, 1J, TM, TN, TR,

. UA, UG, UZ, VC, VN, YU ZA, VM, 7ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KL, 1S, MW, M7, SD, SL, SZ 17, UG, ZM, ZW),
Tiurasian patent (AM, AZ, BY. KG. KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CII, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
‘I'R), OAPI patent (BIY, BJ, CI', CG, CL CM, GA, GN, GQ,
GW, ML, MR, NLi, SN, T, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer io the “Guid-
ance Notes on Codes and Abbreviations" appearing ar the begin-
ning of each regular issue of the PCT Gazefte.

(54) Title: METHOD OL' PRINTING RETRORLEFLUCTIVL SHEETING AND ARTICLLS

(57) Abstract: ‘The present invention relates to a method of printing retroreflective sheeting and corresponding articles. ‘I inven-
tion 15 uselul for improving the print quality, particularly for contuc printing methods such as thermal mass transfer printing

JP 2005-508516

A 2005.3.31



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 |

30

(16)

WO 03/039883 PCT/US02/35417

Method of Printing Retroreflective Sheeting and Articles

Field of the Invention

The present invention relates to a method of printing retroreflective sheeting and
corresponding articles. The invention is useful for improving the print quality, particularly
for relatively thin ink-receptive layers that are imaged with contact printing methods such

as thermal mass transfer printing.

Background of the Invention
WO 94/19710 relates to thermal print receptive and frangible retroreflective

polymeric sheetings. The polymeric sheeting material comprises a core sheet and a
thermally print receptive surface on the core sheet. The thermally print receptive surface
may be formed from compositions comprising a polyurethane dispersion. FIG. 1, as also
described in WO 94/19710 shows a known retroreflective sheeting 12 comprising
removable protective liner 14 at the bottom most side, retroreflective layer 16, pressure
sensitive adhesive layer 26, polyethylene terephthalate (PET) layer 18 with a thickness of
about 25 microns and colorani/binder receptive print layer 20. Retroreflective layer 16
comprises a monolayer of glass microspheres 30 embedded in a layer of polyvinyl butyral
binder 34 with underlying reflective layer 32 and pressure sensitive adhesive layer 36.
Layer 20 is ditectly thermally print receptive with a resin-based indicia and is formed from
a composition comprising PET and a vinylidene/acrylonitrile copolymer. As described in
WO 94/19710, this sheeting material 12 is manufactured for use as an indoor product,
commercially available from 3M, St. Paul, MN under the trade designation "ScotchMark
brand label stock 3929",

Summary of the Invention

The present inventor has found a method of improving the print quality of contact
print methods such as thermal mass transfer printing. In one embodiment, the invention
relates to a method of printing a retroreflective substrate comprising providing a substrate
wherein the substrate comprises a retroreflective layer, an adhesive layer disposed on the
retroreflective layer, and an ink-receptive layer disposed on the adhesive layer; and

printing the ink-receptive layer. The ink-receptive layer has a thickness of less than 1 mil

JP 2005-508516 A 2005.3.31
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(25 microns) and/or is comprised of an acrylic-based or urethane-based polymer. The
thickness of the ink-receptive layer is preferably less than 0.8 mils (20 microns), more
preferably less than 0.5 mils (12.5 microns), even more preferably less than 0.3 mils (7.5
microns), and most preferably about 0.1 mils (2.5 microns),

In another embodiment, the substrate comprises a retroreflective layer, an adhesive
layer disposed above the retroreflective layer, and an ink-receptive layer disposed above
the adhesive layer; wherein the print quality is improved.

In each of these methods the substrate is preferably printed with a contact printing
method such as thermal mass transfer.

In other embodiments, the invention relates to retroreflective substrates (i.e.
articles) that exhibit good print quality when imaged with contact printing methods such as
thermal mass printing, as well as the imaged sheeting.

In other embodiments, the invention relates to methods of making such imageable
or imaged retroreflective substrates.

In each of these embodiments, the print quality is preferably improved by at least
one integet, and more preferably two integers, according to the Print Quality Rating Scale.
Further, the adhesive preferably permanently bonds the retroreflective layer to the ink-
receptive layer. The adhesive preferably has an elastic modulus of less than 0.3 GPa,
more preferably less than 0.2 GPa, and even more preferably less than 0.1 GPa. The
retroreflective layer may comprise a plurality of cube corner retroreflective elements or a

binder layer having glass microspheres.

Description of the Drawings
FIG. 1 is a schematic cross-sectional view of a known retroreflective sheeting

material.

FIG. 2 is a schematic cross-sectional view of thermal mass printable retroreflective
sheeting material in accordance with the present invention.

FIG. 3 is a schematic cross-sectional view of imaged retroreflective sheeting

material in accordance with the present invention.

&
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Description of the Invention
The methods of the present invention generally relate to imaging retroreflective

sheeting and in particular methods of imaging retroreflective sheeting with imaging
techniques that employ contact between the printing device (e.g. print head) and the
sheeting, such as thermal mass transfer printing. The method of the invention entails
providing a substrate comprising a retroreflective layer, an ink-receptive layer on the
outermost viewing surface, and an adhesive layer disposed between the retroreflective
layer and ink-receptive layer; and printing the ink-receptive layer.

In one embodiment, the invention relates to a thermal mass print receptive
retroreflective substrate comprising a retroreflective layer, an ink-receptive layer on the
outermost surface, and an adhesive layer disposed there between. An exemplary thermal
mass print receptive retroreflective sheeting is depicted in FIG. 2. Sheeting 100
comprises retroreflective layer 62 that comprises a monolayer of glass microspheres 30
embedded in a layer of polyvinyl butyral binder 34 with underlying reflective layer 32.
The viewing surface of the sheeting comprises adhesive layer 44 disposed between the
retroreflective layer and ink-receptive layer 46, Adhesive layer 44 permanently bonds the
adjacent layers and thus is present in the finished imaged retroreflective article. Although,
the sheeting may further comprise additional layers such as primers, in preferred
embodiments adhesive layer 44 permanently bonds retroreflective layer 62 to ink-
receptive layer 46. Typically, the sheeting comprises a pressure sensitive adhesive layer
36 on the non-viewing surface that is protected by a removable liner 14, During use, the
liner 14 is removed and the sheeting is adhered by means of adhesive 36 to a target
substrate, such as a sign backing, license plate backing, billboard, automobile, truck,
airplane, building, awning, window, floor, etc.

The method of the invention is particularly advantageous for imaging
retroreflective sheeting wherein the absence of the underlying adhesive layer results in the
sheeting exhibiting poor print quality. Poor print quality refers to the physical property of
exhibiting less than a "3" according to the print quality rating scale, described in further
detail in the examples. Poor print quality can arise when the ink-receptive layer is very
thin. Accordingly, the present invention is advantageous for embodiments wherein the
ink-receptive layer is less than 1 mil (25 microns). The invention is more advantageous

for ink-receptive layers having a thickness of less than about 0.8 mils (20 microns), even
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more advantageous for thickness of less than 0.50 mils (12.5) and particularly
advantageous for ink-receptive layers having a thickness of less than 0.3 mils (7.5
microns).

Regardless of thickness of the ink-receptive layer, poor print quality can also be a
problem when the ink-receptive layer is comprised of a material having low conformance
(i.e. high elastic-modulus) such as in the case of ink-receptive layers based on crosslinked
urethane-based polymeric materials and acrylic polymers.

The ink-receptive layer and adhesive for use in the invention are sufficiently
transparent such that the presence thereof does not detract from the intended
retroreflective properties of the sheeting. A variety of compositions suitable for use as the
ink-receptive layers or the adhesive layer are known in the art. Preferred ink-receptive
coatings include emulsions and dispersions of vinyl-based polymers, polyurethane
polymer(s), acrylic polymer(s), and mixtures thereof. An exemplary ink-receptive coating
includes a polyurethane dispersion, commercially available from Avecia, Wilmington,
MA, under the trade designation "Neorez R-960" that has been admixed with a
crosslinker, such as an aziridine crosslinker, also available from Avecia, under the trade
designation "CX-100". Alternatively, the ink-receptive layer may be provided as a
preformed film.

An exemplary imaged article is depicted in FIG. 3 wherein sheeting 200 comprises
indicia 210 on the outermost viewing surface of ink receptive layer 46. Optionally, a
topeoat or additional film may be disposed on the viewing surface, sandwiching the print
between the ink-receptive layer and optional topcoat or film to increase the durability of
the retroreflective article.

The ink-receptive layer can be printed with a variety of apparatus to produce
graphic images, alphanumeric characters, bar codes and the like. Although the method
and articles of the invention may be suitable for use with non-contact printing methods,
the invention is particularly advantageous for methods that employ contact between the
ink-receptive layer and the printing device (e.g. print head) such as the case in thermal
mass transfer printing. Contact printing methods include gravure, off-set, flexographic,
lithographic, electrographic (including electrostatic), electrophotographic (including laser
printing and xerography). Thermal printing is a term broadly used to describe several

different families of technology for making an image on a substrate. Those technologies
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include hot stamping, direct thermal printing, dye diffusion printing and thermal mass
transfer printing.

Hot stamping is a mechanical printing system in which a pattern is stamped or
embossed through a ribbon onto a substrate, such as disclosed in U.S. Patent No.
4,992,129 (Sasaki et al.). The pattern is imprinted onto the substrate by the application of
heat and pressure to the pattern. A colored material on the ribbon, such as a dye or ink, is
thereby transferred to the substrate where the pattern has been applied. The substrate can
be preheated prior to imprinting the pattern on the substrate. Since the stamp pattern is
fixed, hot stamping cannot easily be used to apply variable indicia or images on the
substrate. Consequently, hot stamping is typically not useful for printing variable
information, such as printing sheets used to make license plates.

Direct thermal printing was commonly used in older style facsimile machines.
Those systems required a special substrate that includes a colorant so that localized heat
can change the color of the paper in the specified location. In operation, the substrate is
conveyed past an arrangement of tiny individual heating elements, or pixels, that
selectively heat (or not heat) the substrate. Wherever the pixels heat the substrate, the
substrate changes color. By coordinating the heating action of the pixels, images such as
letters and numbers can form on the substrate. However, the substrate can change color
unintentionally such as when exposed to light, heat or mechanical forces.

Dye diffusion thermal transfer involves the transport of dye by the physical process
of diffusion from a dye donor layer into a dye receiving substrate. Typically, the surface
of the film to be printed further comprises a dye receptive layer in order to promote such
diffusion. Similar to direct thermal printing, the ribbon containing the dye and the
substrate is conveyed past an arrangement of heating elements (pixels) that selectively
heat the ribbon. Wherever the pixels heat the ribbon, solid dye liquefies and transfers to
the substrate via diffusion. Some known dyes chemically interact with the substrate after
being transferred by dye diffusion. Color formation in the substrate may depend on a
chemical reaction. Consequently, the color density may not fully develop if the thermal
energy (the temperature attained or the time elapsed) is too low. Thus, color development
using dye diffusion is often augmented by a post-printing step such as thermal fusing.

Alternatively, U.S. Patent No. 5,553,951 (Simpson et al.) discloses one or more upstream
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or downstream temperature controlled rollers to provide greater temperature control of the
substrate during the printing process.

Thermal mass transfer printing, also known as thermal transfer printing, non-
impact printing, thermal graphic printing and thermography, has become popular and
commercially successful for forming characters on a substrate. Like hot stamping, heat
and pressure are used to transfer an image from a ribbon onto a substrate. Like direct
thermal printing and dye diffusion printing, pixel heaters selectively heat the ribbon to
transfer the colorant to the substrate. However, the colorant on the ribbon used for thermal
mass transfer printing comprises a polymeric binder having a wax base, resin base or
mixture thereof typically containing pigments and/or dyes. During printing, the ribbon is
positioned between the print head and the exposed surface of the polymer film. The print
head contacts the thermal mass transfer ribbon and the pixel heater heats the ribbon such
that the print head transfers the colorant from the ribbon to the film as the film passes
through the thermal mass transfer printer.

An example of a representative thermal mass transfer printer is manufactured by
Zebra Technologies Corporation, Vernon Hills, Illinois under the trade designation
"Model L170XI", Suitable ribbons for use in thermal mass printing are available from
varjous suppliers including International Imaging Materials, Inc., Amherst, NY and Dai
Nippon Corporation, Concord, NC. These thermal mass transfer ribbons typically include
a backing of polyester about 6 micrometer thick and a layer of colorant about 0.5
micrometers to about 6.0 micrometers thick. Additional information relating to
conventional thermal mass transfer printing techniques is set forth in U.S. Patent Nos.
5,818,492 (Look) and 4,847,237 (Vanderzanden).

The retroreflective layer is commonly provided as retroreflective sheeting. The
two most common types of retroreflective sheeting suitable for use are microsphere-based
sheeting and cube corner-based sheeting. Microsphere sheeting, sometimes referred to as
"beaded sheeting," is well known to the art and includes a multitude of microspheres
typically at least partially embedded in a binder layer, and associated specular or diffuse
reflecting materials (such as metallic vapor or sputter coatings, metal flakes, or pigment
particles). Mlustrative examples of microsphere-based sheeting are disclosed in U.S. Pat.
Nos. 4,025,159 (McGrath); 4,983,436 (Bailey); 5,064,272 (Bailey): 5,066,098 (Kult);
5,069,964 (Tolliver); and 5,262,225 (Wilson).
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A preferred retroreflective core comprises glass microspheres that provides a low
level of retroreflectivity, the retroreflectivity being substantially enhanced upon
application of the ink-receptive topcoat or topfilm that completes the optics. The glass
microspheres are dispersed throughout the binder layer and are present substantially as a
monolayer dispersed in the binder layer with an underlying specular reflective layer
spaced from the microspheres by the transparent binder material. Suitable binder layer
materials include polyvinyl butyral, aliphatic polyurethane and polyurethane extended
polyester (e.g., described at colurnn 15, lines 30-35 of U.S. Patent No. 5,882,771). The
specular reflective layer may be a vapor deposited aluminum layer.

Cube corner sheeting, sometimes referred to as prismatic, microprismatic, or triple
mirror reflector sheetings, typically includes a multitude of cube corner elements to
retroreflect incident light. Cube corner retroreflectors typically include a sheet having a
generally planar front surface and an array of cube corner elements protruding from the
back surface. Cube corner reflecting elements include generally trihedral structures that
have three approximately mutually perpendicular lateral faces meeting in a single corner --
acube corner. In use, the retroreflector is arranged with the front surface disposed
generally toward the anticipated location of intended observers and the light source. Light
incident on the front surface enters the sheet and passes through the body of the sheet to be
reflected by each of the three faces of the elements, so as to exit the front surface in a
direction substantially toward the light source. In the case of total internal reflection, the
air interface must remain free of dirt, water and adhesive and therefore is enclosed by a
sealing film. The light rays are typically reflected at the lateral faces due to total internal
reflection, or by reflective coatings, as previously described, on the back side of the lateral
faces. Preferred polymers for cube corner sheeting include poly(carbonate),
poly(methylmethacrylate), poly(ethyleneterephthalate), aliphatic polyurethanes, as well as
ethylene copolymers and ionomers thereof. Cube corner sheeting may be prepared by
casting directly onto a film, such as desctibed in U.S. Patent No. 5,691,846 (Benson).
Preferred polymers for radiation cured cube corners include cross linked acrylates such as
multifunctional acrylates or epoxies and acrylated urethanes blended with mono-and
multifunctional monomers. Further, cube corners such as those previously described may
be cast on to plasticized polyvinyl chloride film for more flexible cast cube corner

sheeting. These polymers are preferred for one or more reasons including thermal
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stability, environmental stability, clarity, excellent release from the tooling or mold, and
capability of receiving a reflective coating.

In embodiments wherein the sheeting is likely to be exposed to moisture, the cube
corner retroreflective elements are preferably encapsulated with a seal film. In instances
wherein cube corner sheeting is employed as the retroreflective layer, a backing layer may
be present for the purpose of opacifying the laminate or article, improving the scratch and
gouge resistance thereof, and/or eliminating the blocking tendencies of the seal film.
Tllustrative examples of cube corner-based retroreflective sheeting are disclosed in U.S.
Pat. Nos. 5,138,488 (Szczech); 5,387,458 (Pavelka); 5,450,235 (Smith); 5,605,761
(Burns); 5,614,286 (Bacon) and 5,691,846 (Benson, Jr.).

The coefficient of retroreflection of the retroreflective article varies depending on
the desired properties of the finished article. In general, however, the retroreflective
article typically has a coefficient of retroreflection ranging from about 5 to about 1500
candelas per lux per square meter at 0.2 degree observation angle and —4 degree entrance
angle, as measured according to ASTM E-8§10 test method for coefficient of retroreflection
of retroreflective sheeting. The coefticient of retroreflection is preferably at least 10, more
preferably at least 15, and even more preferably at least 20 candelas per lux per square
meter.

As used herein "adhesive layer" refers to a layer that permanently bonds the
adjacent layers in contact with the adhesive layer to each other (e.g. permanently bonds
the retroreflective layer to the ink-receptive coating or film). By permanently bonds it is
meant that the ink-receptive layer cannot be separated from the retroreflective layer
without damaging the ink-receptive layer. The adhesive layer may be derived from a
water-based adhesive composition, a solvent-based adhesive composition, as well as 100%
solids adhesive composition such as a hot melt adhesive. Pressure-sensitive adhesives
such as acrylic-based and rubber-based pressure sensitive adhesive compositions are
preferred.

The adhesive is conformable at ambient temperature as well as at the printing
temperature. A preferred way of characterizing the conformability of the adhesive is to
measure the elastic modulus, such method being further described in the forthcoming
examples. In general, the adhesive has an elastic modulus of less than about 0.5 GPa at

ambient temperature. The elastic modulus, is preferably less than 0.3 GPa, more
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preferably less than 0.2 GPa, and most preferably less than about 0.1 GPa. The elastic
modulus is surmised to be at least about 0.005 GPa, and more preferably at least about
0.008 GPa. For printing methods that involve heat, the adhesive is preferably conformable
at the print head temperature. For a universal removable adhesive layer that is suitable for
ambient temperature printing as well as thermal printing, the adhesive preferably has a
substantially flat elastic modulus curve as a function of temperature such that the elastic
modulus is within the specified range at temperatures ranging from about 25°C up to the
maximum print heat temperature (e.g. 300°F).

The thickness of the adhesive layer can vary, provided that the adhesive layer
contributes the desired conformability. Typically, the adhesive coating weight ranges
from about 0.2 mils (2.5 microns) to 10 mils (250 microns). It is preferred that the
thickness of thé adhesive layer is greater than the thickness of the ink-receptive layer.
Accordingly, the thickness of the adhesive layer is preferably at least about 0.3 mils (4
microns). Further, the thickness of the adhesive layer is preferably less thar 5 mils (125
microns) and more preferably less than 2 mils (50 microns). Although the adhesive layer
is generally provided on the entire surface beneath the ink-receptive layer, if desired the
adhesive may be provided only beneath the portions to be printed.

The adhesive may be applied directly to the retroreflective layer with any suitable
coating technique including screen printing, spraying, ink jetting, extrusion-die coating,
flexographic printing, offset printing, gravure coating, knife coating, brushing, curtain
coating, wire-wound rod coating, bar coating and the like, as well as with various
techniques that provide a foamed adhesive layer. The adhesive is typically provided as a
substantially continuous layer beneath the ink-receptive layer at least beneath the portions
to be printed. Alternatively, the adhesive may be coated onto a release liner and transfer
coated onto the retroreflective layer. Further yet, the ink-receptive layer may first be
applied to a web carrier, at Jeast partially dried in the case of water-based and solvent-
based adhesives, followed by the adhesive being applied to the ink-receptive layer and
then transfer coated in tandem to the retroreflective layer. For water-based and solvent-
based coatings, the coating (i.e. ink-receptive top coat and/or adhesive) is sufficiently
dried after being coated. Sufficient drying may be achieved by air-drying at room

temperature for at least 24 hours. Alternatively the coating(s) may be dried in a heated
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oven ranging in temperature from about 40°C to about 70°C for about 5 to about 20
minutes followed by room temperature drying for about 1 to 3 hours.

The imaged retroreflective articles are preferably "durable for outdoor usage”
meaning that the article can withstand temperature extremes, exposure to moisture ranging
from dew to rainstorms, and colorfast stability under sunlight's ultraviolet radiation. In the
case of signage for traffic control, the articles of the present invention are preferably
sufficiently durable such that the articles are able to withstand at least one year and more
preferably at least three years of weathering. This can be determined with ASTM D4956-
99 Standard Specification of Retroreflective Sheeting for Traffic Control that describes the
application-dependent minimum performance requirements, both initially and following
accelerated outdoor weathering, of several types of retroreflective sheeting. The
coefficient of retroreflection values, both initially and following outdoor weathering, are
typically about 50% lower on imaged retroreflective substrates.

To enhance durability of the imaged substrate, especially in outdoor environments
exposed to sunlight, a variety of commercially available stabilizing chemicals such as heat
stabilizers, UV light stabilizers, and free-radical scavengers are typically included in the
ink-receptive layer.

The article is suitable for use as traffic signage, roll-up signs, flags, banners and
other articles including other traffic warning items such as roll-up sheeting, cone wrap
sheeting, post wrap sheeting, barrel wrap sheeting, license plate sheeting, barricade
sheeting and sign sheeting; vehicle markings and segmented vehicle markings; pavement
marking tapes and sheeting: as well as retroreflective tapes. The article is also useful in a
wide variety of retroreflective safety devices including articles of clothing, construction
work zone vests, life jackets, rainwear, logos, patches, promotional items, luggage,
briefcases, book bags, backpacks, rafts; canes, umbrellas, animal collars, truck markings,
trailer covers and curtains, etc.

Retroreflective commercial graphic films include a variety of advertising,
promotional, and cotporate identity imaged films. The films typically comprise a pressure
sensitive adhesive on the non-viewing surface in order that the films can be adhered to a
target surface such as an automobile, truck, airplane, billboard, building, awning, window,
floor, etc. Alternatively, imaged films lacking an adhesive are suitable for use as a banner,

etc. that may be mechanically attached to building, for example, in order to display.
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Objects and advantages of the invention are further illustrated by the following
examples, but the particular materials and amounts thereof recited in the examples, as well

as other conditions and details, should not be construed to unduly limit the invention.
Test Method - Elastic Modulus

The elastic modulus of the ink-receptive layer and adhesive layer employed in the

examples was determined with the following test method:

A sample, having dimensions no greater than 1" X 1" by 1/2 inches in thickness,
was mounted on a 2 inch diameter aluminum cylinder which serves as a fixture in the
Nanoindenter XP (MTS Systems Corp. Nano Instruments Division, Oak Ridge, TN). For
all experiments a diamond Berkovich probe (also available from MTS Systems Corp.) was
used. The nominal loading rate was set at 10 nm/s with spatial drift setpoint set at .05
nm/s maximum. A constant strain rate experiment at 0.05 /s to a depth of 200 nm was
used. The layer to be characterized was located as seen top-down as viewed through a
video screen with 100X magnification. The test regions were selected locally with 100 X
video magnification of the XP to insure that tested regions are representative of the desired
sample material, i.e. free of voids, inclusions, or debris. Fusthermore, microscope optical
axis—to-indenter axis alignment is checked and calibrated previous to testing by an
iterative process where test indentations are made into a fused quartz standard, with exror
correction provided by software in the XP.

The sample surface is located via a suxface find function where the probe
approaches the surface with a spring stiffness in air which changes significantly when the
surface is encountered. Once the surface is encountered, load-displacement data is
acquired as the probe indents the surface. This data is then transformed to Hardness and
Elastic Modulus material properties based on the methodology described below. The
experiment is repeated in different areas of the sample so that a statistical assessment can
be made of the mechanical properties.

The Elastic Modulus determined directly from the load-displacement data is a
composite Modulus, i.e. the Modulus of the XP Indenter Tester-to-sample mechanical
system. The composite Modulus for these load-displacement indentation experiments can

be determined from:
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S = 2/SQRT(Piy*F*SQRT(A)
where

S — contact stiffness, determined via the MTS XP’s patented
Continuos-Stiffness-Method , by solving the differential equation relating a periodic
forcing function F(t,w) = m d"2x/dt"2 + k x + b dx/dt to the coefficients of the
rheological sample-indenter mechanical system, 1.e. the in-phase and out-of-phase
components of the displacement response to the forcing function, yield the in-phase spring
constant K, (thus the stiffness — hence contact area), and out of phase damping coefficient
, b. The default excitation frequency for these tests is 45 hz:

A — area of contact [m"2] , assuming that the indentation replicates
the shape of the indenter during indentation, the indenter geometry is modeled via analytic
geometry so that the projected area , A = h"2 + higher order terms where h - displacement
depth, and higher order terms are empirically measured;

F — Composite Modulus [GPa)

Then the sample material’s Elastic Modulus (E) is obtained from:
1/F = (1-ur2)/K + (1-v"2)/E

where
u ~ Poisson Ratio of diamond indenter = 0.07

K — Elastic Modulus of diamond indenter = 1141 GPa

v — Poisson Ratio of samples

JP
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A Poisson’s Ratio of 0.4 is assumed for these polymeric specimens, while 0.18 for the

calibration standard is entered into the algorithm for determining Elastic Modulus.

Preparation of image-receptive layer coating solution
A 15 gram mixture of 11.4 pats of ethanol alcohol, 3.5 paxts of crosslinker

("CX100"), and 0.1 part surfactant commercially available from Air Product & Chemical
Inc., Allentown, PA under the trade designation "Surfylnol 104PA" was added to a 85

gram mixture of 68 parts of a aliphatic polyurethane dispersion ("Neorez R-960") and 17
parts of distilled water and mixed for 10 minutes using a conventional air mixer at a slow

speed.

Coating the image receptive top coat layer on a web carrier
The solution was coated onto a 0.002 inch thick polyester carrier web using a wire

bar (US#8 from R.D. Specialties). The coating was dried in a dryer oven at 66°C for 1-2
minutes to dry off the solvents to yield a 0.00005-~0.0001 inch thick crosslinked urethane
ink-receptive layer. This dried ink-receptive layer was determined to have an elastic

modulus of 2.16 GPa.

Example 1
The ink-receptive layer prepared on a polyester web carxier, as previously

described, was laminated to retroreflective sheeting commercially available from 3M
under the trade designation "3M Scotchlite Retroreflective Sheeting Series 3750" using a
pressure sensitive adhesive having the formulation of 93/7 IOA/AA (i.e. iso-butyl
acrylate/acrylic acid) at a thickness of 0.002 inch having an elastic modulus of 0.01 GPa.

The lamination conditions were:
Nip roll pressure = 40 PSI
Temperature = 24°C

Speed = 1.5 meter/min

The resulting sheeting had the polyester web carrier on the top exposed surface of

the sheeting, the ink receptive layer beneath the web carrier, the pressure sensitive
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adhesive layer beneath the ink-receptive layer, and the retroreflective base sheeting

beneath the adhesive layer. The polyester web carrier was removed upon printing.

Example 2
Example 2 was prepared in the same manner as Example 1, except that the

pressure sensitive adhesive composition comprised of 97/3 IOA/AA with 38% of a
tackifier commercially available from Hercules Inc., Wilmington, DE under the trade

designation "Foral 85", the adhesive having an elastic modulus of 0.023 GPa.

Example 3
Example 3 was prepared in the same manner as Example 1, except that the

pressure sensitive adhesive composition comprised 8§7/13 IOA/AA, having an elastic

modulus of 0.025 GPa.

Example 4

Example 4 was prepared in the same manner as Example 1, except that the ink-
receptive coating was replaced with a 0.002 inch (0.051 mm) acrylic-based film,
commercially available from Polymer Extruded Products, Inc., Newark, NJ under the trade
designation "Korad 05005". The elastic modulus of this film was determined to be 0.86

GPa, according to the test method previously described.

Comparative Example A
Comparative Example A was prepared in the same manner as Example 1, except

that the ink-receptive topcoat solution was coated directly onto the sheeting. Thus, no
adhesive was present between the retroreflective sheeting layer and the ink-receptive

topcoat,

Comparative Example B
Comparative Example B was prepared in the same manner as Comparative

Example A except the retroreflective sheeting employed was sheeting commercially

available from 3M under the trade designation "Scotchlite Retroreflective Sheeting, Series
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4770". This sheeting has an extruded ethylene-acrylic acid copolymer ink-receptive layer

having an elastic modulus of 0.58 GPa.

Examples 1-4 and Comparative Examples A-B were printed with a thermal mass
printer, commercially available from Zebra Technologies Corp., Vernon Hills IL under
the trade designation "L170XI" using two different thermal mass transfer resin ribbons,
namely a sapphire blue ribbon commercially available from IIMAK under the trade
designation “DC300" and a black ribbon commercially available from Dai Nippon under

the trade designation "R-510" which uses a harder resin.

All examples and comparative example were run through the printer at a web
speed of 2 inches/second (5 cm/sec), medium print head pressure, and various print head
temperature settings, as set forth in the test results. Printing was done separately with
each of the ribbons. For those examples and comparative examples having the top PET

web carrier, the PET carrier was removed prior to printing.

After printing, the print quality of the imaged sheeting was visually accessed. Test
patterns included filled block, big and small alphanumeric characters, and cross-web bar
codes. The pieces were held at arm’s length and subjectively rated according to the

criteria set out in Table 1.
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Table 1

Print Quality
Rating (PQR)

Description of the Rating

1

Very Poor - less than 10% print coverage missing small
and large characters; incomplete non readable bar codes;

block area incomplete; no usable data was printed

Poor - less than 50% print coverage; missing small
characters; some large characters printed; bar codes almost
complete, but not readable; block area spotty; some useful

data printed

Average - about 90% print coverage, but with some
wrinkles, voids and spotting; small characters mostly
printed; large characters all printed; bar code thin lines
may be incomplete, but mostly readable; block area with
larger pin holes and wrinkle lines; data readable other than

some small characters

Good - about 99% print coverage with minor spotting; all
print good other than small pin holes and some minor

leading or trailing edge poor definition; all data readable

W

Very Good - about 99.9% print coverage with crisp, clean,

dark print that was complete and very readable

The test results were as follows:
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Table 2

Examples Print head PQR with PQR with
Temperature | Black R510 DC300
Setting Ribbon Sapphire Blue

Example 1 Medium, 25 5 5

Example 1 Low, 23 3 4

Example 2 Medium, 25 5 5

Example 2 Low, 23 3 4

Example 3 Medium, 25 5 5

Example 3 Low, 25 3 4

Example 4 Medium, 25 5 5

Example 4 Low, 23 5 5

Comparative A Medium, 25 2 2

Comparative A Low, 23 1 1

Comparative B Medium, 25 2 2

Comparative B Low, 23 1 1

Example 1 and Comparative Examples A-B were also test printed on a thermal

mass transfer printer generally illustrated in FIG. 4 of US patent 6,246,428 B1, using the

"DC300" ribbon. The printing was done at the same web speed of 7.62 centimeters/sec. (3

inches/sec.), print head pressure, and low print head temperature. The results are in Table

3 as follows:
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Table 3
Examples Print head PQR
Temperature
Setting
Example 1 Low 5
Comparative A Low 2
Comparative B Low 2

In each of the example the print quality was improved by the presence of the

adhesive layer between the ink-receptive layer and the retroreflective sheeting layer.
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‘What is claimed is:

1. A method of printing a retroreflective substrate comprising:
a) providing a substrate comprising:

i) aretroreflective layer;

ii) an adhesive layer disposed on the retroreflective layer; and

iil) an ink-receptive layer disposed on the adhesive layer wherein the ink-receptive
layer has a thickness of less than 1 mil; and -

b) printing the ink-receptive layer.

2. The method of claim 1, wherein the print quality is improved by at least one integer

according to the Print Quality Rating Scale.

3. The method of claim 1, wherein the print quality is improved by at least two integers

according to the Print Quality Rating Scale.

4. The method of claim 1, wherein the printing includes contact between the substrate and

a printing device.

5. The method of claim 4 wherein the printing is accomplished by means of thermal mass

transfer printing.

6. The method of claims 1-5 wherein the ink-receptive layer has a thickness of less than
0.8 mils.

7. The methed of claims 1-5 wherein the ink-receptive layer has a thickness of less than
0.5 mils.

8. The method of claims 1-5 wherein the ink-receptive layer has a thickness of less than

0.3 mils.
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9. The method of claims 1-5 wherein the adhesive permanently bonds the retroreflective

layer to the ink-receptive layer.

10. The method of claims 1-5 wherein the adhesive has a elastic modulus of less than 0.3

GPa.

11. The method of claims 1-5 wherein the adhesive has a elastic modulus of less than 0.2

GPa.

12. The method of claims 1-5 wherein the adhesive has a elastic modulus of less than 0.1
GPa.

13. The method of claims 1-5 wherein the ink-receptive layer comprises a vinyl-based

polymer, a polyurethane polymer, an acrylic polymer, or mixture thereof.

14. The method of claims 1-5 wherein the retroreflective layer comprises a plurality of

cube corner retroreflective elements.

15. The method of claims 1-5 wherein the retroreflective layer comprises a binder layer

having glass microspheres.

16. A method of printing a retroreflective substrate comprising:
a) providing a substrate comprising:
1) aretroreflective layer comprising a first major surface and second major
surface;
ii) an adhesive layer disposed above the first major surface layer of the
retroreflective layer; and
iii) an ink-receptive layer disposed above the adhesive layer; and
b) printing the ink-receptive layer;
whetein the print quality is improved by at least one integer according to the Print Quality

Rating Scale.
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17. An imaged retroreflective article comprising:
a) sheeting comprising:
i) aretroreflective layer;
ii) an adhesive layer disposed on the retroreflective layer; and
iii) an ink-receptive layer disposed on the adhesive layer, wherein the ink-
receptive layer has a thickness of less than 1 mil; and

b) a printed image on the ink-receptive layer.

18. Thermal mass printable retroreflective sheeting comprising:

a) aretroreflective layer comprising a first major surface and second major surface;

b) an adhesive layer disposed on the first major surface layer of the retroreflective layer;
and

¢) an ink-receptive layer disposed on the adhesive layer;

wherein the ink-receptive layer has a thickness of less than 1 mil.

19. The sheeting of claim 18 wherein the ink-receptive layer has a thickness of less than

0.8 mils.

20. The sheeting of claim 18 wherein the ink-receptive layer has a thickness of less than

0.5 mils.

21. The sheeting of claim 18 wherein the ink-receptive layer has a thickness of less than

0.3 mils.

22. The sheeting of claims 18-21 wherein the adhesive permanently bonds the

retroreflective layer to the ink-receptive layer.

23. The sheeting of claims 18-21 wherein the adhesive has a elastic modulus of less than

0.3 GPa.

24, The sheeting of claims 18-21 wherein the adhesive has a elastic modulus of less than
0.2 GPa.
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25. The sheeting of claims 18-21 wherein the adhesive has a elastic modulus of less than

0.1 GPa.

26. The sheeting of claims 18-21 wherein the ink-receptive layer comprises a vinyl-based

polymer, a polyurethane polymer, acrylic polymer, or mixtuze thereof.

27. The sheeting of claims 18-21 wherein the retroreflective layer comprises a plurality of

cube corner retroreflective elements.

28. The sheeting of claims 18-21 wherein the retroreflective layer comprises a binder

layer having glass microspheres.

29. A method of printing a retrorefleciive substrate comprising:
a) providing a substrate comprising:

i) aretroreflective layer;

ii} an adhesive layer disposed on the retroreflective layer; and

iii) an ink-receptive layer disposed on the adhesive layer wherein the ink-receptive
layer comprises an acrylic-based polymer or urethane-based polymer; and

b) printing the ink-receptive layer.

30. An imaged retroreflective article comprising:

a) sheeting comprising:
i) aretroreflective layer;
ii) an adhesive layer disposed on the retroreflective layer; and
iii) an ink-receptive layer disposed on the adhesive layer, wherein the ink-
receptive layer comprises an acrylic-based polymer or urethane-based polymer;
and

b) a printed image on the ink-receptive layer.

31. Thermal mass printable retroreflective sheeting comprising:

a) aretroreflective layer comprising a first major surface and second major surface;
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b) an adhesive layer disposed on the first major surface layer of the retroreflective layer;
and

c) an ink-receptive layer disposed on the adhesive layer;

wherein the ink-receptive layer comprises an acrylic-based polymer or urethane-based

polymer.
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