JP 2005-250457 A 2005.9.15

(19) BFEHFEF(P) WAMBTFLEA (1) S R AME S
$3B82005-250457
(P2005-250457A)
(43)4ME FTR17498 158 (2005.9. 15)
(51) Int.CL." Fl F—va—F (3%
GO9G 3/3%6 GO9G 3/3% 2H093
GO2F 1/133 GO2F 1/133 550 5C0086
GO9G 3/ GOZ2F /133 575 5C080
GO9G 3/20 812U
GO9G 3/20 621F
EEER FrER FEREOE 19 OL HEFHE (®228H) BEEICHRL
@) HEES 15 BE2005-17552 (P2005-17552) | (71) HERA 502350574
(22) HERH ERITEIA26H (2005. 1. 26) VIHdvA-wAruFvT 4 ra—%
(31) ESEIEEHREE  60/530833 L—F v K
(32) 5 A ERI651F27H (2004. 1.27) GENES1S MICROCHIP, 1
(33) IESEIEERE K E (US) NC.
(B1) IS IEEEHE  10/902898 TAVHERE 95002 HYTAN
(32) &% B SERE164ETR 200 (2004. 7. 29) —ZF.TAEY, I— K- AR Y—}
(33) IESEIEERE K E (US) 2150

2150 Gold Street, Al
viso, CA 95002 U. S. A

(T4 IREA ilooooozs
S AN EEST S B B

BRI

(54 [FEADEH] LCDAFNEETET 4 AT AIC
4 FOWFhh ORI LB R

Gnoooooooooooo
ugogoooooooboboboooodooooogoo
gogooooboobobobobooodooaaogaoo
ooboOooooooboood
oobOoOoooooboooooobooooooooo
goboOoooooOoboooooobooooooboooo
gooooooooobobbbooooooooogooo
gooooooooboobobbboboioooooooooo
ogooooooooobobobobooooooooooo
ugogoooooooboboboooodooooogoo
ggoaggoo

ooooooo

BFz7r—ALL—bE#R (FRC) EEZEAF—IF

100

Fig. 1

117



e R e [ [ A [

O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao

Ooooooooo0 oo oooo o0 oo oDooo o0 oooDoD oo oo oDoooo0oooooogodg
R ey [ e s R B [ |
Ooooooooo0 oo oooo o0 oo oDooo oo oo oDoooo0 oo oDooooooooooOodg

Oooooooooooooogooao

Ooooooooooooooooooooooogogoao
Oooooooooooooooooooooogoogooao

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

Oooooooooooooogooao

Oooo0oooOooOgoao
OoOoooooOoogoao
OoOoooooOoogoao
OO0 ooooQgogaog

|
|

Oooo0oooOooOgoao

O

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

O
O
O
OJ
OJ
]
(]
O
O

O
O
O
O
O
O
O
O
O

O 0Oo0ooOoao

OoOooooood
OoOoooOooood
O0o0Dooooogod
OO0 oooood
OO0 ooooogod
OO0 ooooogod
OOo0oooooogod
Ooooooogod
OOoooooogod

O 0O oo
O 0O oo

O
OJ
OJ
OJ
OJ
O
O
O
O
O
O

]
]
[

|
|
|

]

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

O 0Oo0oooao
O Oo0ooogoao
O Oo0ooogoao
O OooO0ooogoao
O OooO0oooao
O OooOoooao
O Ooo0oooao
O Ooo0oooao
O OooOoooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
OOoo0oooao
OOoo0oooao
OOoo0oooao
OOoo0ooooo
OOoo0oooao
OOoo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0oooao
O Ooo0oooao
O Oooo

O Oooo

O Oooo

O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

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

[ Y o
O Ooogoog
O Ooogoog
O Ooogoog
O Ooogoog
O Ooogoog
O Ooogoog
O 0Ooogoo
O Ooogoo
O OooOooo
O 0Ooogoog
O 0Ooogoo
O 0Ooogooo
O 0Ooogoo
O 0Ooogooo
O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooooo
O 0Ooo0gooo
O
O

O
O
O
O
O
O
O
O
O
O
O

(2)

JP 2005-250457 A 2005.

O
O
O

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

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

O
O

(]
(]

.15

10

20

30

40

50



e R e [ [ A [
e e ey e [ R e e [ [ A [

Oo0oooocooooooooogoogogooao

OOoo0oo0oo0ooao
OO0Ooo0oo0oo0ooao
OO0Ooo0oo0oo0ooao
O0Ooo0oo0oo0ooao

OoOoooooooo0oooooo0 oo oDooooooDoooogogoao
Ooooooooooooooo0ooDoDoooooooooogogogoao
OooooocoooooooooooDooooooooooogogogoao
OooooooooooooooooDooooooooooogogoao

O

OooooooooQgoogoao
Oooooooooogoogood
Oooooooooogoogoo
Ooo0ooooooooogoo

O

oo oooooo o0 oo oooo o oo oooogoogooo

]
O
]
]
[

O
O
|
|
|

O 0O o0ooo
O 0O o0oo0oo

O
O
|
|
|

O
O
O
O
O
O
O
O
O

OO0Ooo0Oo0oood
O0Ooo0Oo0oood
O0O0o0Oo0ooogod
O0O0o0oo0ooogod
OO0Oo0o0ooogod
OO0o0oo0oooogod
OO0Oo0oo0ooogod
O0Oo0oooogod

O
O
OJ
OJ
OJ
OJ
OJ
O

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

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

O oOood
O oOood
O oOonod

(3

O
O

O
O

O
O
O
O
O
O

O
O
O
O
O
O

JP 2005-250457 A 2005.

O
O
O
O
O
O
O
O
O
O
O

(]
O

.15

10

20

30

40

50



e R e [ [ A [
e e ey e [ R e e [ [ A [
e e R R [ [ A B [
ey e R I e [ [ A B [
e e e R e e [ [ A [
) R [ R e e [ A B [

Oo0oooooooogoOoooao
Oo0ooooooogogoOoooao
OOo0oooooooogogoOoooao
OO0 oooDooggoooao
OO0 oooDooogoggogoooao
OO0 oooDoooggoooao
OO0 oooDoooggogoooao
OO0 oooDooggoooaog
OO0 oooDooogoggoooao
OO0 oooDooogoggoooao
OO0 oooDooogoggoooaog
OO0 oooooogoggoooaog
OO0 oooDooogoggoooao
OO0 oooooogoggoooao
OoDoooooogoggoooao
OO0 oooooogoQgoooao
Oo0oooooogogoooao
OoDoooooogogoooao
Oo0oooooogogoooao
OO0 oooooogogoooao
OO0 oooooogoooo
Oo0oooooogoQgoooao
Oo0ooooooQgoooao
Oo0ooooooogogoooao
Oo0ooooooQgoooao
Oo0ooooooQgoooao

OoooooooogoogooOoo

O 0Oo0oo0oo0oao
O 0Oo0oo0oo0oao
O 0Oo0oo0oo0oao
O O0Oo0ooogoao
O 0Oo0oooao
O Oo0ooogoao
O Oo0ooogoao
O OooO0ooogoao
O OooO0oooao
O OooOoooao
O Ooo0oooao
O Ooo0oooao
O OooOoooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
OOoo0oooao

Oooooooooogoogodg
Oooooooooogoogoodg
Oooooooooogoogod
OO0 0o oDooogogg
OO0 o0 ooDooogogdg
OO0 o0ooDooogogdg
OO0 ooooDooogogg
OO0 oo ooDooogogg
OO0 o0 ooDoooggg
OO0 o0 ooooogogg
OO0 o oooooggg
OO0 o oooooggg
OO0 o oooooggog
OO0 o0 oooooggog
OO0 o ooooogogg
OO0 o ooooogogg
oo o0 ooooogogg
oo o oooooogogg
oo o ooooogoQgog
oo o oooooogoQgoog
oo o0 oooooogoQgog
oo o0 ooooogoQgog
oo o0oooooogoQgg
oo o oooooogoQgg
oo oooooogoQgg

O
O
O
O

O
O
O

O
O
O
O

(4)

O
O

O Ooogoo
O OooOooo
O 0Ooogoog
O 0Ooogoo
O 0Ooogooo
O 0Ooogoo
O 0Ooogooo
O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooooo
O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

JP 2005-250457 A 2005.9.15

gboobooobooooooboaodan

oooooooooooooano

Oooooooogogodg
OooooooogoQgog
OooooooogoQgg
OooooooogogoQgg
OoooooooogoQgQg
OooooooogooQgog
Ooooooooogoogodg
OooooooogooQgodg
Ooooooooogoogoodg

Oooooooooooao
Oooooooooooao
Oooooooooooao
Ooooocooooooao
Oooooooooooao
Ooooocooogooooao
Ooooocooooooao
Ooooocooogooooao

10

20

30

40

50



e R e [ [ A [
e e ey e [ R e e [ [ A [
e e R R [ [ A B [
ey e R I e [ [ A B [
e e e R e e [ [ A [
) R [ R e e [ A B [

OooOooooodgadg

[ |

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

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

OooOoo0ooood
Ooo0Ooo0ooood
OooOooO0ooood
OO0 o0oooogod
OOo0o0oooogod
OOo0o0oooogod
OOoo0oooogod
OoOoo0oooogod
OoOoo0oooogd
OOo0o0oooogod
OOoo0oooogod
OoOoo0oooogod

OooOoo0ooood
Ooo0Ooo0ooood
OooOooO0ooood
OO0 o0oooogod
OOo0o0oooogod
OOo0o0oooogod
OOoo0oooogod
OoOoo0oooogod
OoOoo0oooogd
OOo0o0oooogod
OOoo0oooogod
OoOoo0oooogod
OoOoo0oooogod
OoOoo0oooogod
OoOoo0oooogod
OoOoo0oooogod
OoOoo0oooogod
OoOooooogod
OooOoo0ooood
OoOoo0ooood
OoOoo0ooood
Ooooood
Oo0o0ooood
Oooooood
Ooooood
OoOoo0ooood
OooOoo0oood
Oo0o0oood
OooOoo0oood

OooooooogooooOoao

O
O
O
OJ
OJ
OJ
OJ
OJ
O
O
O

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

O 0Oo0ooOooao
O 0Oo0oo0ooao
O O0Oo0oogoao
O O0OoO0gogoao
O O0Oo0oogoao
O O0Oo0gogoao
O O0Oogogoao
O O0OoQgooao
O OoQgooao

OooooooogooOoooOoao

OooooooooOooOoooOoao

Ooooooooogooogo

OooooooogooogDo

OoooooooogooogDo

OO0 oDoDooogQgoooao

OO0 ooooogQgoooao

OoDoooogQgoooao

OoDoooooggoooao

O 0Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Oooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo

OooooogQgoooao

Oooooooogogogao
Oooooooogogogoao
Oo0oooooogogogo
Oooooooogogogogoao
Oooooooogogogogoao
Ooooooooogoogogoao
Oooooooogogogoao
Oooooooogoogogoao
Ooooooooogoogogoao
Ooooooooogoogogoo
Ooooooooogogogoao
OoooooooogooQgoao
Ooooooooogoogoao
OoooooooogooQgoao
OoooooooogogoQgogoao
OoooooooogooQgoao
OooooooooQgoao
Oooooooooogoao
Ooooooooogoogoao
Oooooooooogoao
Oooooooooogogoao
Oooooooooogogoao
OooooooooQgogoao

O OooOoooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
OOoo0oooao
OOoo0oooao
OOoo0oooao
OOoo0ooooo
OOoo0oooao
OOoo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0oooao
O Ooo0oooao
OOoo0oooao
OOoo0oooao
O0Ooo0oooao
OOoo0oo0ooao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao

Q)

JP 2005-250457 A 2005.

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

O

O0Ooo0oooao
OOoo0oo0ooao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao

O
O
O
O
O
O
O
O
O
O
O

O
]

.15

10

20

30

40

50



e R e [ [ A [
e e ey e [ R e e [ [ A [
e e R R [ [ A B [

Ooo0ooooOooo o0 oo oooo0oooDooooooooooogodg

Ooooooocoooooooogogooooao

Ooooooooo o oo oooogoogoooo
Oooooooooooooooogogogoooo

oo oooooogogoooo

O 0Oo0oo0ooao
O 0Oo0oo0ooao
O 0Oo0oo0ooao
OO oQgogoao
OO oQgogoao
OO oQgogoao
O O0OoQgogooao
O OooQgogooao
O Ooogogooao
O Ooogogooao
O Ooogooao
O Ooogogooao
O Ooogooo
O Ooogooo
O Ooogooo
O Ooogooao
O OooQgooo
O OooQgooo
O 0OooQgoooo
O 0OooQgoooo
O 0OooQgoooo
O 0OooQgoooo
O 0OooQoooo
O 0OooQoooo
O 0OooQoooo
O 0OooQgoooo
O 0Ooo0oooo
O 0Ooo0oooo
O 0OooOoooao
O 0Ooo0oooao
O 0Ooo0goooao
O 0OooO0oooo
O 0Ooo0goooo
O 0Ooo0goooao

Ooooooood
Ooooooood
OOoo0oo0oo0ooao
OO0Ooo0oo0oo0ooao
O0Ooo0oo0oo0ooaoo
O O0Oo0ooooao
O O0OoO0ooooao
O O0Oo0ooooao
O O0Oo0ooooao
O 0Oo0ooooao
O 0Oo0ooooao
O Oo0ooooao
O Ooo0ooooao
OOoo0ooooao
OOoooooao
O Ooooooao
OOoooooaog
OOoooooao
OOoooooao
OOoooooao
OOoooooao
OOoooooao
OoOoo0ooooao
OOoooooao
OoOoooooaoo
OoOoooooaoo
OoOoo0ooooaoo
OOoo0ooooao
OoOoooooaoo
OoOoo0ooooao
OoOoo0ooooaoo
OoOoo0ooooaoo
OoOoo0oo0oooaoo
OOoo0oo0oo0ooao
OoOoo0oo0oo0ooao
OoOoo0oo0oo0ooao

O0Ooo0oo0ooao
O0Oo0oo0ooao
O0Oo0oo0ooao
O0Oo0Oo0ooao
O 0Oo0Oo0ooo
OO0Oo0Oo0ooo
O O0Oo0Oo0ooo
O0Oo0Oooao
O 0Oo0Oooo
O0Oo0oooao
O0Ooo0oooaog
O0Oo0oooaog
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
OOoo0oooo
O0Ooo0oooao
OOoo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao

Oooooocoooooooogogooooao

OoooooooQodg
OoooooooQgodg
OoooooooOodg
OO0 ooooogogdg
OO0 ooooogogdg
OO0 ooooogogdg
OO0 ooooogogdg

O
O
O
OJ
OJ
OJ
OJ
OJ
O
O
O

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

Oooo0oooOogoad
OoOoooooogoad
OoOoo0ooooOoOoad
OO0 oooogogdg
OO0 ooooogogodg
OOooooogogdg
OOooooogogdg
Oooooogogodg
Oooooogogdg
Oooooogogdg
Oooooogogaog
Oooooogogog

Ooooooggdg

Ooooooggdg

Ooooooggdg

Ooooooggdg

Ooooooggdg

Ooooooodg
Ooooooodg
Ooooooodg
Ooooooodg
Ooooooodg
Ooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooogdg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooogdg
Oooooooodg
Ooooooooodg
Ooooooood
Ooooooood
Ooooooood

Oooooogogdg

(6)

OoOoooooggdg
Oooooogogdg

Oooooogogdg

OooooogQgg

OooooogoQgg

OoooooogoQgdg

OooooogoQgg

Ooo0oooogoQgdg

JP 2005-250457 A 2005.

OoooooogQgog

OooooogoQgg

Oo0oooogoQgdg

OoooooogQgg

OoooooogooQgdg

OoooooogoQgdg

Ooo0oooogoQgdg

O
O
O
O
(]
O

Oo0oooogoQgdg

Ooo0oooogoQgg

Ooo0oooogoQgdg

OoooooogoQgdg

Ooo0oooogoQgdg

OoooooogoQgdg

10

20

30

40

50



e R e [ [ A [
e e ey e [ R e e [ [ A [
e e R R [ [ A B [
ey e R I e [ [ A B [
e e e R e e [ [ A [

OoooooOooo oD oo oooo0o oo oDooo o oo oDooooooooofdg

OooooOooood
OoOooooood
OoOoooOooood
O0o0Dooooogod
OO0 oooood
OO0 ooooogod
OO0 ooooogod
OOo0oooooogod
Ooooooogod
OOoooooogod
OOoooooogod
OOoooooogod
Ooooooogod
Ooooooogod
Oooooood
Ooooooogod
Ooooooogodg
Ooooooodg
Oooooooogodg
Oooooooodg
Oooooooodg

Ooooocoooooooogod

OooOoooooOgodg

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

Ooooooooooooogod
Ooooocoooooooogod
Oooooooooooood
OO0 oDoDoogogooooogd
OO0 OoDoDoogoguooooogd
OO0 o0ooDooogogooooogd
OO0 oODoDoogogooooogd
OO0 oDoDoo4gogooooogd
OO0 oDoDoo4gogooooogd
OO0 ooDoogogooooogdg
OoDoDoDooogogoooooogdg
OoooDoooooooogdg
Ooooooogooooogdg
OoooDoooooooogdg
OoooDooooooooogdg
OoooDoooooooogdg
OoooDooooooooogdg
OooDoooooooooogdg
Ooooooooooooogdg
Oooooooooooogdg
Oooooooooooogdg
Oooooooooooogdg
Oooooooooooogdg
Oooooooooooogdg
Oooooooooooogdg
Ooooooooooooogdg
Oooooooooooogdg
Ooooooooooooogdg
Ooooooooooooogdg
Ooooocoooooooogdg
Ooooocoooooooogdg
Ooooooooooooogodg
Ooooocoooooooogodg
Ooooocoooooooogodg

Oooo0oooogoao
Oooooooogoo
OooOoo0oooogoao
OO0 ooogoQgogao
OO0 oooogoQgogao
Oo0oooogoQgogao
Oo0oooogQgogao
Oooooggogao

OooOoo0ooooOodg

OooOoo0ooooOgodg

Oooooogoood

OoOooogoood

OoOooogoood

Oo0oooogoogdg

OoOooooogogdg

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

Oooooogogdg

OOooooogd
Oooooogd
OOoooooogd
OOooooogd
OOooooogd
OOooooogd
OOoooooogd
OOooooogd
Ooooooogdg
Ooooooogd
Ooooooogd
OOoooooogd
Ooooooogd
Ooooooogd
Oooooooogd
Oooooooogd
Ooooooogd
Oooooooogd
Oooooooogd
Ooooooogod
Oooooooogd
Oooo0oooogd
Ooooooogd
Oooooooogod
Oooooooogod
OoOoooooogod

Ooooooggdg

OoOooooogogdg

Oooooogogdg

Oooooogogdg

P

Oooooogoogdg

Oooooogogdg

OooooogoQgdg

Oooooogogdg

Oooooogoogdg

Oooooogoogdg

OooooogooQgdg

Ooooooogdg

JP 2005-250457 A 2005.

O
O
O
O
O
O
O
O
O
O
O

OoooooQgdg
OooooogoQgdg
OooooooQgdg
OooooooQgdg
OoooooQgdg
OoooooQgdg
OooooooQgdg
OoooooQgdg
OooooooQgdg
OooooooQgdg
OooooooQgodg

Ooooood
Oo0o0ooood
Oooooood
Ooooood
OoOoo0ooood
OooOoo0oood
Oo0o0oood
OooOoo0oood
Ooo0o0o0oood
Oooo0oood
OooOoo0oood
OooOoo0ooood
OooOoo0ooood

(]
O

OooooooQgodg

.15

Oooo0oooOodg

10

20

30

40

50



e R e [ [ A [

Oo0oooooooo0ooDoooooooDoooooooooaoo
Ooooooooo0ooDoooooooDooooogoooooao
Oo0oooooooo0ooDooooooDoDooooogoooooao
OoooooooooDooDooooooooooooooooao
Oo0ooooooooDooDooooooooooooooooaoo

OooooOooood
OoOooooood
OoOoooOooood
O0o0Dooooogod
OO0 oooood
OO0 ooooogod
OO0 ooooogod
OOo0oooooogod
Ooooooogod
OOoooooogod
OOoooooogod
OOoooooogod
Ooooooogod
Ooooooogod
Oooooood
Ooooooogod
Ooooooogodg
Ooooooodg
Oooooooogodg
Oooooooodg
Oooooooodg
Oooooood
Oooooooodg
Ooooooood
Oooooooodg
Ooooooood
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
OoOooooood
Ooooooood

Oo0oooooooooooooooooooao
OOo0oooooooooooooogooooao
OOo0oooooooooooooooooooao
Oo0ooooooooooooooogoooooao
Oo0oooooooooooooooooooao

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

gooooooooooooobobooobobooboooan,

OOo0oooooooooooooao
Oo0oooooooooooooao
OOo0oooooooooooooao
OO0 ooDooogogoooooaog
OO0 ooDooogogogoooooaog
OO0 ooDooogoggogoooooaog
OO0 ooDoooogogogogoooooaog

OOoo0oo0oo0ooao
OO0Ooo0oo0oo0ooao
O0Ooo0oo0oo0ooaoo
O O0Oo0ooooao
O O0OoO0ooooao
O O0Oo0ooooao
O O0Oo0ooooao
O 0Oo0ooooao
O 0Oo0ooooao
O Oo0ooooao
O Ooo0ooooao
OOoo0ooooao
OOoooooao
O Ooooooao
OOoooooaog

Ooooooooogooao
Ooooooooogooao
OoooooooogooOoao
OO0 oDoooggogoao
OO0 oDoooggogoao
OO0 ooooggogooao
OO0 oooooggogogoao
OO0 ooooggooao
Oo0ooooggogooao
Ooooooggogooao
Ooooooggogooao

Ooooooggdg

OO0 oDooDoogog4gooooog

OO0 oo oDoogog4gooooog

OO0 oDooDoogog4Qgooooog

OO0 oooDooogog4gooooaog

OO0 ooooogog4Qgooooog

O

,0000D0DO0DO0DOooooao,

OO0 oooooogoggooooaog

O

Oooooogogdg

(8)

OO0 oooooogogQgooooog

O

OoOoooooggdg

OO0 oooooogogooooog

O

Oooooogogdg

OO0 oooooogoggogooooog

O Ooogooao
O OooQgooo
O OooQgooo
O 0OooQgoooo
O 0OooQgoooo

OO0 oooooogooooog

OO0 oooooogogooooog

OO0 oooooo4gogooooog

Oo0oooooo4gogooooog

googao
gbooobooobooaooboad

Oooooogogdg

OooooogQgg

OooooogoQgg

OOoo0ooooog
OOoooooaog
OOoo0ooooog
OOoo0ooooaog
OOoo0ooooaog
OoOoo0oooog

JP 2005-250457 A 2005.

OO0 ooooooogoooooo
OO0 ooooooogoooooog

oo o0 oooooogoQgog
oo o0 ooooogoQgog
oo o oooooogoQgg
oo o oooooogoQgog
oo o0oooooogoQgg
oo o0 oooooogoQgog
oo o oooooogoQgg
oo o oooooogoQgg
oo ooooooogoQgg
oo o oooooogoQgg
oo ooooooogogoQgog
oo ooooooogooQgog
oo ooooooogoogog
oo ooooooogogog

oo

OO0 oooooogogooooog
OO0 ooooooogogooooo

oo

OO0 oooooo4goooooo

OoooooooogoQgoog
OoooooooogoQgog
OoooooooogoQgdg
OoooooooogoQgog
OooooooogOog
OoooooooogoQgog
OoooooooogQgodg
OoooooooogQgog
OoooooooogOog
OoooooooogogQgog

Oo0ooooooogoooooono

OO0 ooooooogogooooono

OO0 oooooogogooooo

OO0 oooooooooooo

Oo0oooooooooooono

Oo0ooooooogoooooo

Oo0oooooooooooao

Oo0ooooooogoooooao

.15

Oo0oooooooooooano

10

20

30

40

50



e R e [ [ A [
e e ey e [ R e e [ [ A [

Oooooooo0 o0 oo oooo0o0 oo oD oD oo o o0 oo oDooooooooDoDooo0oo0ooDoDooooOooOooooao
Oooooooo0o0oooooo0 oo oDooo oo ooDoDooo0oo0DoooDoDoooooDoDooooooooao
Oooooocoo o0 oo oooo0 oo oo ooo o0 oo oDooo0oo0D oo oDoo o oo oDooooooooao
Ooooooooo0oooooo0 oo oo ooo o0 oo oDooo0oo0ooooDoDoo o oo oDooooogoooao

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

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

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

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

O 0Oo0ooOoao
O 0Oo0ooOoo
O 0Oo0ooOoo
O 0OoOooog
O 0OoOooo
O 0OoOooog
O 0OoOooo
O 0OooOooo
O 0OooOooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O Ooooo
O 0Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O oOoooo
O Ooooo
O Ooooo
O 0Ooooo
O oOoooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O oOoooo
O oOoooo
O o0Ooo0ooao
O 0Ooo0ooao

oo ooooooooooooogoQgogoo
oo oooooooooooooogogoao
oo oooooooooooooogogoo
OO0 0o oD ooogdgdoooooggogog
OO0 0o oDooogdgdoooooggogog

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

O0Oo0oo0ooao
O0Oo0Ooo0ooao
O0Oo0Oo0ooao
OO0Oo0oooo

|
|
O

Ooo0oo0ogao

OO0 o0DoDooo4o0ooooooggogaog
OO0 o0DoDooo4Qogooooooggogaog
OO0 ooDooo4ogooooooggogog
OO0 ooDooo4ogooooooggogaog
OO0 oDoDooo4ogooooooggogaog

O
O

O oOood

O O oo

O O oo

O O oo

O Ooogo

OO0 ooDooo4gogooooogod

O

[
<
=
o

O O oo

OO0 oo oooogoggQgoooo

O

O Ooogo

OoDooDooo4o0ooooooggogoao
Ooooooo4oooooooggogoao
OoooDoooo0ooooooggogoao

O
O

O Oooo

(9

O Oooo

O Oooo

Ooooooooooooogdg

O

%]
<
=
o

O Oooo

OO0 oooooogogQgoooo

O

O Oooo

Oooooooo0oooooogoggogoao
Oooooooooooooogoggogoao
Oooooooo0oooooogoggogoao
OoDoooooo0oooooogogQgogoao
Oooooooo0oooooogogQgoao
Oooooooo0oooooogogQgogoao
Oooooooo0oooooogQgoao
Oooooooo0oooooogogQgogoao
Oooooooo0oooooogoQgoao
OooooooooooooogoQgoao
OoooooooooooooQgoao
OoooooooooooooQgoao
OooooooooooooogoQgoao
OoooooooooooooQgoao
OoooooooooooooQgogoao
OoooooooooooooQgogoao
Oooooooooooooogogoao

O Oooo

O Oooo

O Oooo

O Oooo

JP 2005-250457 A 2005.

O Oooo

oooogoad

O

O Oooo

O

O O0ooo

O

O 0Oooo

O

O 0Oooo

O

O O0ooo

O O0ooo

O 0Oooo

ogogad

O

O O0ooo

O

O O0ooo

O

O 0Oooo
O 0Oooo
O 0Oooo

O O0ooo

O O0ooo

.15

O O0ooo

10

20

30

40

50



Ooo0oo0ooooo oo oo ooo o0 oo ooDoooooooDoDooo0o oo oDooooooooao
Ooo0ooooooo0 o oo ooo o0 oo oooooooooDoDoo oo oDoDooooooooao
Ooo0ooooooo0ooooooo00 oo oooooooooDoDooo0o oo oDooooooooao
Ooo0ooooooo0oooooo o0 oo oooooooooDoDooo0oooDoDooooooooao

O0Ooo0oo0ooao

Ooo0ooooooo0ooooooo0DooDooooooDoDoooooooooooooooao

Ooo0ooooooooooooooooDoooooooDoooooooooao
OOo0oooooooooooooooooooao

O O0Oo0ooo
O 0O oo

O O0Ooo0ooOoo

Ooo0oo0oad
Ooo0oo0oad
O o0Ooodd
O o0Oood
O o0Oood
O o0Oood

OoooooooogoOooao
Ooo0oooooooOgoOooao

[ I Iy

|
O

O
]

OoooooobooooOooaoOoO
OoooDoooogogood
OooDoooogogood
Ooooooodgood
Ooooooodgogood

O 0Ooogo

I I B
I I B

O

O
O

O O

O OoOgoo
O Oogoo

O Ooogoo

O

O O oo

(10)

JP 2005-250457 A 2005.9.15

uoooooooooooooooboboboboDbooO0oO0oano
ooooooooooooooooobobDbDbDDOOon

gooooboooobooobooboao

ooooooooao

gooo

goooooao
gooad

10

20

30

40



(11) JP 2005-250457 A 2005.9.15

oooao gooad
S¢
VAN :
o ~E
e i
noe
= T Brg s
8 I Do S
" ’— § 8 Rt
AT TR Be | ~ve
I T RE *
L ¢ s € ik
. - - |
|
1
3 i a o
- I = 4 Q
1) (S8 ~
rl g 0]
A o
- 2
N
9
[T
godaoad ogoaoad
Y
T\ﬁ
'\5@ 400’\
ik
o z ST eRTA
yyalb—
S S8 RAEFAR M- LERE| |
%Fg 2w 402
g~ E;}]m l
2 va1lb—
" RE 1404
~ *ATITEE
¢ o g8 Y A7Lyal— g, BRfE
o el UILyYal— e
= R o LEZN?
1'<. 843: i ) ' 406
3 L N U] A 4
i FRCE%h1E 408 LcEStIlL
L A—1NRSA TR
tSoe
TR = L
LCl ) 410 ,
2 8 F— IS TEME [\ 416 FRCAMIE
a5 | A
e ~ D
1.5:: gnlrwwﬁlf‘i !
R | 2" Rl Y T IER
5 il FARSCIEL sl o S
| - 7 |E oy — h—TF
B&H_\ DECELTER 1‘418 JoLyvalb—MIEH
‘/__/
[ l e—
R
p]

EFFE
Y=2
15




ooogad

(12)

590 RAM
520 530
A
y
ROM | CPU
525 510 540
< 550
560
AHATFAA
590
A 4
570

500 Fig. 5

JP 2005-250457 A 2005.9.15



(13) JP 2005-250457 A 2005.9.15

ooooogooooo

GLInt.ClL.’ 0o 0000000000
0ooo Oooo  3/20 0OO0O0 ooooo
0ooo 0000 3/20 0000 ooooo
0ooo 0000 3/20 0000 0oooo
0ooo Oooo  3/20 0OO0 ooooo
0ooo 0000 3/20 0000 0oooo

(72000 0000
00000000000000000000000000000000000000O000000
oooo

(72000 0000000000
0000000000000000000000000000000000000000O00O0

0000 (D 0) 2H093 NAL6 NC25 NC29 NC34 NC59 NC65 NDO5 ND49

0000 OO 50006 AFO3 AFO4 AFA4 AFA5 AFA6 BB16 BFO2 FAO4 FAO8 FA12

0oooo OO0 FA29 FA44

0000 OO 5C080 AAL0 BBO5 DDO8 DD22 EE19 EE29 FFO7 FF11 GGO9 GG15

0oooo OO0 6617 JJ02 JJ07



(14) JP 2005-250457 A 2005.9.15

oooooooao

1. TITLE OF THE INVENTION

DYNAMICALLY SELECTING EITHER FRAME RATE CONVERSION (FRC) OR PIXEL OVERDRIVE IN A
N LCD PANEL BASED DISPLAY

2. DETAILED DESCRIPTION OF THE INVENTION
Field of the Invention
[0001]0 O The invention relates to display devices.O More specifically, the inve
ntion describes a memory resource efficient method, apparatus, and system for us
ing driving LCD panel drive electronics.
OVERVIEW
[0002]0 O Deterioration of image quality for moving images (such as reduced reso
lution and blurring) referred to as "ghosting" that is due primarily to the slow
er response time of liquid crystal is a common problem in LCD monitors.d Since L
CDs rely on the ability of the liquid crystal material to orient itself under th
e influence of an electric field, the viscous nature of the liquid crystal mater
ial causes a response delay that can be longer than the time between successive
frames.O Ghosting occurs when the luminance value for a frame immediately follow
ing any abrupt transitions between luminance levels (i.e., either a falling or a
rising transition) deviates significantly from the target luminance value.O
[0003]0 O A popular technique for reducing or even eliminating these ghosting ar
tifacts, referred to as LC pixel overdrive, is based upon providing an overdrive
luminance value (corresponding to an overdrive pixel voltage) calculated to pro
vide the target luminance within the specified frame.O Implementation of these L
C pixel overdrive techniques typically involves comparing the display data of a
new frame to that display data of previous frame or frames.O Based upon this com
parison, the applied pixel voltage is adjusted such that the target luminance va
lue (or a substantial portion, thereof) is achieved within the specified frame p
eriod.d Common practice dictates that a frame buffer be used to store the displa
y data of previous frame(s) that is then used to compare to the new frame data.
O A typical frame buffer can be on the order of a few Megabytes (3 - 5) in size
having access times on the order of a few nanoseconds.
[0004]0 O Currently, LCD panels operate in a range of vertical refresh frequency
(in the range of approximately 50 - 60 Hz) that is limited due to many factors
(such as the response time of the LC material and the fact that the line period
must be of sufficient duration to enable adequate charging and discharging of LC
D cells).O However, PCs were developed for use with CRT type displays and are de
signed to generate a display image with a higher vertical refresh rate (such as
75Hz and 85 Hz) in order to reduce flicker common to CRT technology.O However, t
hese higher refresh rates are both unnecessary and difficult to maintain for mos
t LCD panels.0 Therefore these high refresh rates must be reduced for most LCD p
anels using any of a number of frame rate conversion (FRC) protocols such that a
n LCD panel can be used with any video source regardless of its native refresh r
ate. As with LC pixel overdrive, implementing currently available FRC protocols
requires dedicated memory in the form of a frame buffer arranged to selectively
store and read out the display data.O
[0005]0 O As described above, both FRC and overdrive require the LCD display con
troller have a frame buffer for data manipulation.d Enabling both FRC and LC pix
el overdrive simultaneously requires higher memory bandwidth than is required fo
r enabling only one of them.O Higher memory bandwidth results in higher implemen
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tation cost of both the LCD display controller and the frame buffer memory compo

nents.

[0006]0C O Therefore, being able to selectively enable either FRC or LC pixel ove

rdrive based upon an input vertical refresh rate is very desirable.

SUMMARY OF THE INVENTION
[0007]0 O What is provided, therefore, is a memory efficient method, apparatus,

and system suitable for implementation in Liquid Crystal Display (LCDs) that red

uces a pixel element response time that enables the display of high quality fast
motion images thereupon or provides necessary frame rate conversion.

[0008]0C O In a liquid crystal display (LCD) panel based display, a method of dyn

amically selecting either frame rate conversion (FRC) or pixel voltage overdrive
is disclosed.d The method is carried out by performing the following operations

.0 A video vertical refresh rate of an incoming video data stream is determined

and based upon the determining, only one video data stream conditioning protocol
from a number of available video data stream conditioning protocols is selected

.0 The selected video data stream condition protocol is then applied to the vide

o data stream.

[0009]0C O In a preferred embodiment, the video data stream conditioning protocol

s include a LC pixel overdrive protocol for those situations where the native vi

deo data stream vertical refresh rate is less than or equal to a threshold value

, such as 50 Hz , or 60 Hz, or 70 Hz, or whatever is deemed appropriate for the

situation.O For those situations where the native incoming vertical refresh rate
is greater than, for example, 60 Hz, the native video data stream vertical refr

esh rate is reduced to approximately 60 Hz by way of a selected FRC protocol.O 0

f course, the threshold values can be any value as are the desired frame rate va
lues.

[0010]0C O In another embodiment, an apparatus for dynamically selecting only one
of a number of video conditioning protocols used to condition an incoming video
data stream provided by a video source is disclosed. The apparatus includes a

video refresh rate determinator unit coupled to the video source arranged to det

ermine a native vertical refresh rate of the incoming video data stream, a selec
tor unit coupled to the video refresh rate determinator unit arranged to select

the only one video conditioning protocol based upon the native vertical refresh

rate, and a number of video conditioning protocol units coupled to the selector

unit, wherein only a video conditioning protocol unit associated with the select
ed video conditioning protocol is enabled, and a memory resource coupled to each
of the video conditioning protocol units that is used to store video data used

to implement the selected video conditioning protocol having a size and speed co
mmensurate with providing the requisite memory resources for the selected video

conditioning protocol.

[0011]0 O In another embodiment of the invention, computer program product for d

ynamically selecting only one of a number of video conditioning protocols at a t
ime thereby conserving an associated memory resource in a liquid crystal display
(LCD) panel based display having a memory resource suitable for storing video d

ata is disclosed.d The computer program product includes computer code for deter

mining a vertical refresh rate of an incoming video data stream, computer code f

or selecting only one video conditioning protocol from a number of available vid

eo conditioning protocols based upon the determining, computer code for storing

video data associated with the selected video conditioning protocol in the memor

y resource, computer code for implementing the selected video conditioning proto
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col,d and computer readable medium for storing the computer code.
DETAILED DESCRIPTION OF SELECTED EMBODIMENTS
[0012]0 O Reference will now be made in detail to a particular embodiment of the
invention an example of which is illustrated in the accompanying drawings.O Whi
le the invention will be described in conjunction with the particular embodiment
, It will be understood that it is not intended to limit the invention to the de
scribed embodiment.0O To the contrary, it is intended to cover alternatives, modi
fications, and equivalents as may be included within the spirit and scope of the
invention as defined by the appended claims.
[0013]0 O The invention relates to digital display devices and in particular, LC
D panels used in both personal computer environments as well as consumer electro
nics.Od Although LCD panels have a number of advantages over currently available
CRT displays, the fact that the image produced by the LCD panel relies upon the
physical rearrangement of the LC material in the LCD cell limits the response ti
me of the LCD cell. The limited response results in motion artifacts, referred
to as ghosting, in those situations where fast motion results in large luminance
transitions between video frames.
[0014]0 O A popular technique for reducing or even eliminating these ghosting ar
tifacts referred to as LC pixel overdrive uses substantial memory resources (usu
ally in the form of a frame buffer on the order of few megabytes) to store the d
isplay data of previous frame(s) that is then used to compare to the new frame d
ata.0O In conventional LCD panel designs, this same memory is used to concurrentl
y provide any of a number of frame rate conversion (FRC) protocols (especially T
rame rate reduction) thereby allowing the LCD panel to interface with a wide var
iety of video sources regardless of the native vertical refresh rate.
[0015]0 O However, since both FRC and LC pixel overdrive protocol and the LC pix
el overdrive protocol require a frame buffer for data manipulation, enabling bot
h FRC and LC pixel overdrive concurrently requires higher memory bandwidth than
is required for enabling only one of them at a time.O Higher memory bandwidth re
sults in higher implementation cost of both the LCD display and the frame buffer
memory components. Therefore, a memory resource efficient system, method, and
apparatus where only one video compensation protocol (such as FRC or LC pixel ov
erdrive) is active at a time thereby preserving valuable memory resources is des
cribed.
[0016]0 O Accordingly, based upon the native vertical refresh rate of an incomin
g video stream, the native video refresh rate is either reduced by way of a FRC
protocol when the native vertical refresh rate is greater than a predetermined t
hreshold, or in the alternative, fast motion artifacts are reduced by way of an
LC pixel overdrive protocol.O In either case, the same memory resources (typical
ly a frame buffer) is used of a size and speed suitable for implementing only on
e of the protocols at a time.d In this way, the memory resources represented by
the frame buffer is substantially reduced over that required if both the FRC pro
tocol and the LC pixel overdrive protocol were enabled and operational concurren
tly.
[0017]0 O The invention will now be described in terms of a representative LCD p
anel that incorporates an interface suitably arranged to implement the invention
.0 1t should be noted, however, that the following description is exemplary in n
ature and should therefore not be construed as limiting either the scope or inte
nt of the invention.
[0018]0 O FIG. 1 is a block diagram showing an example of an active matrix liqui
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d crystal display device 100 suitable for use with any embodiment of the inventi
on.O The liquid crystal display device 100 includes a liquid crystal display pan
el 102, a data driver 104 that includes a number of data latches 106 suitable fo
r storing image data, a gate driver 108 that includes gate driver logic circuits
110, a timing controller unit (also referred to as a TCON) 112 that provides a
video signal 114 used to drive the data driver 104 and the gate driver 108.0 Typ
ically, the TCON 112 is connected to a video source 115 (such as a personal comp
uter or other such device) suitably arranged to output a video signal 117.
[0019]0 O In the described embodiment, the TCON 112 includes compensation circui
try 116 (described in more detail below) coupled to a frame buffer 118 that, bas
ed upon a native vertical refresh rate of an incoming video signal, either compe
nsates for motion artifacts caused by slow LC response time or reduces the nativ
e vertical refresh rate to a rate deemed suitable for the display device 100.0 T
he LCD panel 102 includes a number of picture elements 120 that are arranged in
a matrix connected to the data driver 104 by way of a plurality of data bus line
s 122 and a plurality of gate bus lines 124.0 In the described embodiment, these
picture elements 120 take the form of a plurality of thin film transistors (TFT
s) 126 that are connected between the data bus lines 122 and the gate bus lines
124.0 The data driver 104 outputs data signals (display data) to the data bus Ii
nes 122 while the gate driver 108 outputs a predetermined scanning signal to the
gate bus lines 124 in sequence at timings which are in sync with a horizontal s
ynchronizing signal.0O In this way, the TFTs 126 are turned ON when the predeterm
ined scanning signal is supplied to the gate bus lines 124 to transmit the data
signals, which are supplied to the data bus lines 122 and ultimately to selected
ones of the picture elements 120.
[0020]0 O During operation, the compensation circuit 116 determines a native ver
tical refresh rate of the incoming video signal 117.0 Based upon this determinat
ion, only one of a number of video compensation protocols are implemented.O In t
hose situations where the native vertical refresh rate is less than a predetermi
ned threshold value (such as, for example, 60 Hz), the compensation circuit 116,
in conjunction with the frame buffer 118, reduces any fast motion artifacts (su
ch as ghosting) by applying a previously determined LC pixel overdrive protocol.
0 One such LC pixel overdrive protocol reduces the effect of fast motion from on
e video frame to another by applying an overdrive pixel luminance value calculat
ed to achieve the target pixel luminance value within the specified frame period

[0021]0 O Alternatively, in those cases where the compensation circuit 116 has d
etermined that the native vertical refresh rate is greater than the predetermine
d threshold (such as 60 Hz), the vertical refresh rate of the incoming video sig
nal 117 is reduced to that determined to be suitable for the LC display 100.0 It
should be noted, however, that in this situation (as with the previously descri
bed situation whereby only LC pixel overdrive is enabled) the frame buffer 118 i
s only used to implement the enabled FRC protocol.d In this way, the total memor
y resources required is substantially reduced in both size and speed over that w
hich would be required if both LC pixel overdrive and FRC were enabled concurren
tly.
[0022]0 O FIGS. 2 and 3 show a representative timing controller (TCON) 200 havin
g a compensation circuit 202 that provides either LC pixel overdrive compensatio
n or FRC compensation in accordance with an embodiment of the invention.O It sho
uld be noted that the TCON 200 is one specific implementation of the TCON 112 sh
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own and described in FIG. 1 and should therefore is exemplary in nature and shou
Id not be construed to limit either the scope or intent of the invention.O As sh
own, the TCON 200 includes (or is coupled to) the frame buffer 118 that is, in t
urn, coupled to the compensation circuit 202.0 In the described embodiment, the
frame buffer 118 is arranged to provide the requisite memory resources for the p
roper execution of the selected one of the compensation protocols that, in this
example, includes a LC pixel overdrive protocol provided by a LC pixel overdrive
unit 204 (when enabled) and a frame rate conversion provided by a FRC protocol
unit 205 (when enabled).0O It should be noted that even though units 204 and 205
are coupled to the frame buffer 118, only one of the protocol providing units 20
4 or 205 is enabled at a time thereby conserving the amount of memory resources
represented by the frame buffer 118.
[0023]0 O When operational, the native vertical refresh rate is determined by a
vertical refresh rate determination unit 206 coupled to a comparator unit 208.0
The comparator unit 208 compares the native vertical refresh rate to a predeterm
ined threshold value (which hereinafter will be assumed to be approximately 60 H
z for sake of clarity only) and based upon the comparison provides a selector si
gnal S; to a selector unit 210 that causes the FRC unit 205 to disable, the LC p
ixel overdrive unit 204 to enable and the switch unit 210 to direct the incoming
video data stream 117 to the LC pixel overdrive unit 204.0 When the native vert
ical refresh rate is less than 60 Hz and the FRC unit 205 is disabled, the incom
ing video stream 117 is directed only to the LC pixel overdrive unit 204.0 The L
C pixel overdrive unit 204 in conjunction with the frame buffer 118 then provide
s an LC pixel overdrive compensated video signal 212 to the LCD panel display ci
rcuitry.
[0024]0 O Alternatively (as shown in FIG. 3), when the native vertical refresh r
ate is greater than 60 Hz (as determined by the vertical refresh rate determinat
or unit 206), the comparator 208 provides a selector signal S, that causes the F
RC unit 205 to enable, the LC pixel overdrive unit 204 to disable and the switch
unit 210 to direct the incoming video data stream 117 to the FRC unit 205.0 The
FRC unit 205 in combination with the frame buffer 118 provides the requisite fr
ame rate conversion (in this case reducing it to that capable of being supported
by the display 100) to the incoming video data stream that is, in turn, provide
d to the display circuitry (i.e., FRC compensated video signal 302).0 For exampl
e, when one of every five input frames is dropped, then the LCD panel display ve
rtical refresh rate is reduced from the native vertical refresh rate by 20%.
[0025]0 O FIG. 4 shows a flowchart detailing a process 400 for dynamically selec
ting either frame rate conversion (FRC) or pixel overdrive in a liquid crystal b
ased display panel in accordance with an embodiment of the invention.O The proce
ss 400 begins at 402 by receiving an input video stream and at 404 by determinin
g the native vertical refresh rate of the incoming video stream. At 406, a comp
arison of the native vertical refresh rate is made to a predetermined threshold
value that is based upon the performance characteristics of the display unit.O I
f it has been determined that the native vertical refresh rate is greater than t
he predetermined threshold value, then at 408 an LC pixel overdrive capability i
s disabled and at 410 frame rate conversion (FRC) is enabled.d Next, at 412, the
native vertical refresh rate is converted to display refresh rate using the ena
bled FRC.
[0026]0 O Alternatively, if it had been determined at 406 that the native vertic
al refresh rate is less than or equal to the predetermined threshold value, then
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at 414 the LC pixel overdrive capability is enabled and the FRC capability bein
g disabled at 416.0 Next, at 418, a calculated pixel overdrive value is applied
as needed in order to compensate for motion artifacts induced by the slow LC res
ponse time.
[0027]0 O FIG. 5 illustrates a system 500 employed to implement the invention.O
Computer system 500 is only an example of a graphics system in which the present
invention can be implemented.O System 500 includes central processing unit (CPU
) 510, random access memory (RAM) 520, read only memory (ROM) 525, one or more p
eripherals 530, graphics controller 560, primary storage devices 540 and 550, an
d digital display unit 570.0 CPUs 510 are also coupled to one or more input/outp
ut devices 590 that may include, but are not limited to, devices such as, track
balls, mice, keyboards, microphones, touch-sensitive displays, transducer card r
eaders, magnetic or paper tape readers, tablets, styluses, voice or handwriting
recognizers, or other well-known input devices such as, of course, other compute
rs.O Graphics controller 560 generates analog image data and a corresponding ref
erence signal, and provides both to digital display unit 570.0 The analog image
data can be generated, for example, based on pixel data received from CPU 510 or
from an external encode (not shown).O In one embodiment, the analog image data
is provided in RGB format and the reference signal includes the Vgy,. and Hgyyc
signals well known in the art.0 However, it should be understood that the presen
t invention can be implemented with analog image, data and/or reference signals
in other formats.O For example, analog image data can include video signal data
also with a corresponding time reference signal.
[0028]0 O Although only a few embodiments of the present invention have been des
cribed, it should be understood that the present invention may be embodied in ma
ny other specific forms without departing from the spirit or the scope of the pr
esent invention.O The present examples are to be considered as illustrative and
not restrictive, and the invention is not to be limited to the details given her
ein, but may be modified within the scope of the appended claims along with thei
r full scope of equivalents.
[0029]0 O While this invention has been described in terms of a preferred embodi
ment, there are alterations, permutations, and equivalents that fall within the
scope of this invention.O It should also be noted that there are many alternativ
e ways of implementing both the process and apparatus of the present invention.
O It is therefore intended that the invention be interpreted as including all su
ch alterations, permutations, and equivalents as fall within the true spirit and
scope of the present invention.
3. BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram showing an example of an active matrix liquid crystal
display device suitable for use with any embodiment of the invention.
FIGS. 2 and 3 shows a representative timing controller (TCON) having a compensat
ion circuit that provides either LC pixel overdrive compensation or FRC compensa
tion in accordance with an embodiment of the invention.
FIG. 4 shows a flowchart detailing a process for dynamically selecting either fr
ame rate conversion (FRC) or pixel overdrive in a liquid crystal based display p
anel in accordance with an embodiment of the invention.
FIG. 5 illustrates a system employed to implement the invention.
1. O1In a liquid crystal display (LCD) panel based display having a memory resou
rce suitable for storing video data, a method of dynamically selecting only one
of a number of video conditioning protocols at a time thereby conserving an asso
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ciated memory resource, comprising:

O determining a vertical refresh rate of an incoming video data stream;

O selecting only one video conditioning protocol from a number of available vide

o conditioning protocols based upon the determining; and

O applying only the selected video conditioning protocol to the incoming video d

ata stream using the memory resource to store appropriate video data therein.

2. O A method as recited in claim 1, wherein the video data stream conditioning
protocols include a frame rate conversion (FRC) protocol and a liquid crystal (L

C) overdrive protocol.

3. O A method as recited in claim 2, wherein the FRC protocol is a frame rate re

duction protocol arranged to reduce a native frame rate to a display frame rate.

4. O A method as recited in claim 3, further comprising:

O when the video vertical refresh rate is greater than a threshold value, then

O selecting only the frame rate conversion protocol; and

O reducing the incoming video vertical refresh rate to a desired vertical refres

h rate.

5. O A method as recited in claim 4, further comprising:

O when the video vertical refresh rate is less than or equal to the threshold va
lue, then

O selecting only the LC pixel overdrive protocol.

6. O A method as recited in claim 1, wherein the memory resource is a frame buff

er.

7. O An apparatus for dynamically selecting only one of a number of video condit
ioning protocols used to condition an incoming video data stream provided by a v
ideo source, comprising:

0O a video refresh rate determinator unit coupled to the video source arranged to
determine a native vertical refresh rate of the incoming video data stream;

O a selector unit coupled to the video refresh rate determinator unit arranged t

o select the only one video conditioning protocol based upon the native vertical
refresh rate; and

O a number of video conditioning protocol units coupled to the selector unit, wh

erein only a video conditioning protocol unit associated with the selected video
conditioning protocol is enabled; and

0O a memory resource coupled to each of the video conditioning protocol units tha

t is used to store video data used to implement the selected video conditioning

protocol having a size and speed commensurate with providing the requisite memor

y resources for the selected video conditioning protocol.

8. O An apparatus as recited in claim 7, wherein the apparatus is incorporated i

nto an liquid crystal (LC) display device.

9. O An apparatus as recited in claim 8, wherein the number of video conditionin

g protocols includes a frame rate conversion (FRC) protocol and a LC pixel overd
rive protocol.

10. O An apparatus as recited in claim 7, wherein the memory resource is a frame
buffer suitably arranged to store video data suitable for a single video frame.
11. O A method as recited in claim 8, wherein the FRC protocol is a frame rate r

eduction protocol arranged to reduce a native frame rate to a display frame rate

12. 0O An apparatus as recited in claim 11, wherein when the video vertical refre
sh rate is greater than a threshold value, then only the frame rate conversion p
rotocol is selected, and the native video vertical refresh rate is reduced to a
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desired vertical refresh rate.

13. 0O An apparatus as recited in claim 12, wherein when the native video vertica
I refresh rate is less than or equal to the threshold value, then only the LC pi
xel overdrive protocol is selected.

14. O Computer program product for dynamically selecting only one of a number of
video conditioning protocols at a time thereby conserving an associated memory
resource in a liquid crystal display (LCD) panel based display having a memory r

esource suitable for storing video data, comprising:

O computer code for determining a vertical refresh rate of an incoming video dat

a stream;

O computer code for selecting only one video conditioning protocol from a number
of available video conditioning protocols based upon the determining;

O computer code for storing video data associated with the selected video condit
ioning protocol in the memory resource;

O computer code for implementing the selected video conditioning protocol; and

O computer readable medium for storing the computer code.

15. O Computer program product as recited in claim 14, wherein the video data st
ream conditioning protocols include a frame rate conversion (FRC) protocol and a
liquid crystal (LC) overdrive protocol.

16. O Computer program product as recited in claim 15, wherein the FRC protocol
is a frame rate reduction protocol arranged to reduce a native frame rate to a d
isplay frame rate.

17. O Computer program product as recited in claim 16, further comprising:

O when the video vertical refresh rate is greater than a threshold value, then

O selecting only the frame rate conversion protocol; and

O reducing the incoming video vertical refresh rate to a desired vertical refres
h rate.

18.0 A method as recited in claim 16, further comprising:

O when the video vertical refresh rate is less than or equal to the threshold, t
hen

O selecting only the LC pixel overdrive protocol.

19. O A method as recited in claim 14, wherein the memory resource is a frame bu

ffer.

1. ABSTRACT

In a liquid crystal display (LCD) panel based display, a method of dynamically s

electing either frame rate conversion (FRC) or pixel voltage overdrive is disclo

sed. The method is carried out by performing the following operations.Od A video
vertical refresh rate of an incoming video data stream is determined and based
upon the determining, only one video data stream conditioning protocol from a nu
mber of available video data stream conditioning protocols is selected.d The sel
ected video data stream condition protocol is then applied to the video data str
eam.

2. REPRESENTATIVE DRAWING

0 Fig.1
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