JP 2005-504427 A 2005.2.10

(19) BFEHFEF(P) GERE - N ()] (1) SR HBARES
15 2005-504427
(P2005-504427A)
(43) /5% TR17EE2H108 (2005.2.10)
(51) Int.CL." Fl F—va—F (BE)
HOSB 41/282 HOSB 41/29 C 3KO72
HOSB 41/24 HOSB 41724 P
BEWR RB/R FPHRBEWER KWK (£ 33 B)
@1) S 15ER2003-531771 (P2003-531771) |¢71) HEEA 590000248
(86) (22) HEEE SEEL144E9H 60 (2002.9.6) A—=FbvH T4VwTA IV
85) BIFRCIRME  FRRIGESA22H (2004.3.22) bOo=ZZA LR Wi
86) EREHEES  PCT/IB2002/003662 Koninklijke Philips
@7 EELHES W02003/028411 Electronics N. V.
(87) HEAME FRLL554A 30 (2003.4.3) A5 HE 5621 ~—F— T4
(3l) BEIEEJES S 09/965, 064 F=71y ZA—RTrowezvn
(32) ®5&H ERR13E9A 26H (2001. 9. 26) 1
(33) BEIEEERE A EH (US) Groenewoudseweg 1, 5
B t8EE EP (AT, BE, BG, CH, CY, CZ, IE, DK, EE, 621 BA Eindhoven, T
ES,F1, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK, TR}, CN, JP he Netherlands
(74) RIBA 100072051
#ELT i H{E
BRECH S

64) [(READER] S 7727y TRBRITSBTHLRESR

GNHOOO0O

0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000ii0
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

VEUS

1/2VBUS
=4 T4

—_—
iLAME

w S



e R ey [ s R s [y |
OoOoooooo0oooooo4o0 oo oooo oD UooonDoDoDoooDoooDoDooogoggoooao

OOo0Doooo4oUoooooooo0 oo oDoooooooDooogogog
Oo0o0oooo4dUoooDoooUdUoooDoDooogoDUooDoooggaog

Oooooocooooooao
Oo0oooooooooao

OoooooogoQgogooQg
OoooooogQgogoQg
OOo0oooooggogog
OoooooooOoogoo
OooooooogoQgoo

Oooooogoggogoaog
OOoooooggogaog
Oooo0oooOoogoao
OooooooQgogoao

Ooooooooooooooog
oo ooooooooooooog

O Ooo0ooooao
O 0Ooo0ooooao
O 0O0Oooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooo
O Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooo
O O0O0gooooao
O 0O0OooOoooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0OoOo0ooooao
O OooQgooooao
O 0OO0ooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O Ooo0ooooao
O Ooogooo

OO ogogooao

O 0Oo0ooOooao

O 0OooO0oooo

O 0OooQoooo

O Ooogooo

O Ooogooao

O
O

I Y [y
O 0o oo

O Ooo0ooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo
O 0Ooo0ooo

O
O
O
O
O
O
O
O
O

O

Ooooooggdg

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

OooOoo0oooodgdg

Ooo0oooogoQgdg

OooooogoQgog

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

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

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

(2)

|

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

O
O

JP 2005-504427 A 2005.

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

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

O
O
O
O
O
O
O
O
O
O
O

O Ooooo
O O
O O
O O
O O
O O
O O
O O
O O
O O
O O

O
O

O
O

O
O

O
O

.10

10

20

30

40

50



e R ey [ s R s [y |

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 [
Oooooooo0o0oooooo0 oo oDooo oo oo oDoooo0oooonDoDoooo0oooDooooQgog
[ e e e R [y s [ |

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

O Ooo0oooao
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooOoao
O 0Ooo0oooao

O
O
O
O

Ooo0oooogQgoo

O
O
O
O
O
O

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

O
O
OJ
O
O
O
O

O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

OO0 oD ooDoooooooooogooQgg

O0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao

OoDoooooooooooogogdg
OO0 oDoDooogogoooooogogdg
OoooooooooooooOodg
OooooooooooooooQgodg

Oo0ooooooooooooao
OO0 oooooogoooooao

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
O O

O Ooogo

Oo0oooooooooooooaoo
Oo0ooooooooooooaoo
Oo0ooooooooooooao
Oo0oooooogooogoooao
OO0 oooDooogogoogoooao
Oo0oooooooooooooaoo
Oo0ooooooooooooao
Oo0ooooooooooooao
Oo0oooooogooooooao
OO0 oooDooogoogogoooao
OO0 oDooDooogogggoooooao
Oo0ooooooooooooao
Oo0ooooooooooooao
Oo0ooooooogooooooao
OO0 oooooogogoogoooao
OO0 oDooDooogoggoooooao
Oo0oooooooooooooaoo
Oo0ooooooooooooao
Oo0ooooooooooooao
OO0 oooooogogogoogoooao
OO0 oDooDooogoggogoooooao
Ooo0oooooooooooooao
Oo0ooooooooooooao
Oo0ooooooooooooao
Oo0oooooogogoogoooao

OO0 oooDoooggoogoooao

cooooooooo o

O
O
O
O
O
O
O
O
O
OJ
O

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

)

JP 2005-504427 A 2005.

ugboobooaooboodoboad

.10

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 [ [ |

OOo0o0ooodUooooooUddUooDoDooUoUoDUUoooDooDo4gooooao
Oooooocoo0oooooooooDoooooooDoooooogoooao
Ooooooo0ooooooo0o oo oDooooDooDoDooooooooao

OooooooooooooogoQgog
Ooooooooooooooggg
Oo0DoDooogog4ooooooggg
OooooooooooooogogoQgodg
OooooooooooooogogQgg
OooooooooooooogQgog
Ooooooo4oooooooggg
Oo0DoOooDooo4oooDoooggog

Oo0oooooooooooOodg

OO0 Do oDooogoggogooooood
Oooooooooooooood

O 0Ooo0gooo

OooooooogoQgoo

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

Ooo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
Ooo0ooood
Ooo0oooogod
OoOoo0oooogod
Ooo0Ooo0oood

O Ooo0oooao
O Oooooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao

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

O0Ooo0ooo0oao
O Ooo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oo0oo0oao
OOoo0oooao
OOooooao
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

OoooocooooooooogogQgg
OooooooooooooogQgg
Ooooooooooooooggog
Oo0Dooooo4ooooooggg

Oo0ooooooooooood

~
~
~

OooooooooooooogogQgog
OooooooooooooogoQgg
OooooooooooooogoQgog
OoDooooo4ooooooggg
OO0 ooooogog4ooooDooogogdg
Ooooocooooooooogogdg
OooooooooooooogoQgdg
OooooooooooooogoQgog
Oooooooooooooggg
Oo0DoDoooog4UogooDoooggdg
OooooooooooooogogQgodg
OooooooooooooogogoQgog
OooooooooooooogoQgog
Ooooooo4ooooooggg
Oo0DooDooo4ogoooooggg
Oooooooooooooogoogodg
OooooooooooooogogQgog
OoooooooooooogoQgog
Oooooooooooooggog
Oo0Dooooo4ooooooggdg

JP 2005-504427 A 2005.

O0Ooo0Oo0oood
OoOoo0ooood
OoOoo0ooood
OOoo0ooood
O0O0Oo0oooogod

10

20

30

40

50



()

JP 2005-504427 A 2005.2.10

O
OJ

O Ooooo
O OoOooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo

I [ Y
O O0Oogoaog
O 0Ooo0ooao
I [ o
O O0OoQgoOoo
O O0OoQgoo
OO oQgoo

OOoo0ooooao
O 0Oo0ooooao
OO0Ooo0oo0oo0ooao
OOoo0oo0oooao
OOoooooao
OOoo0ooooao
O O0Oo0ooooao

og
od

0000000000000 0000000000

0000

[

[ iLlpsak = 11— [% Vbu: - thp} tan

f ‘ M

L

000000
0000000000000 0000000, 30000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
0000000000000 0

Oooooo

0000000000000 O00000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
0

Oooooo

0000000000000 00000000000000000000
s, 000000000000 00000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000D0
000000

0000

[ &1

[

[ 1 Be Vbus Viamp iL1peak ilamp

E wEsg | 400V 90V 1.60A 0.80A

[ 5 7 o7 | 500V 20V 3.35A 1.67A

[

O

Oooooo

0000000000000 O00000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
0000000000000 00000000000000000000
0000000000000 0

Oooooo
0000000000000 000,  0000000000000000O
0000000000000 00000000000000000000
0000000000000 0000000000000O00000O0O00:”

FACTOR ELECTRONIC BALLAST WITH
ooooooboobooooooooao

LOAD DEPENDENT BUS VOLTAGE REGULATION”
oooooboboooooooooobobooobooogo

O
O
O
O
O

O Ooooo
O OoOooo

gooaao
ooogoogao
HIGH POWER
gugoaoaad

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 oDoooggogoao
Ooooooooogooao
OoooooooQgooao

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

e ) e s e e e e R ) e s s [
Ooo0ooooooo o0 oo oooo0o oo oD oD oo oo0o o0 oD oD oo o oo oDooooQgoogo
ey e e [ |

Oo0oooooogogodg

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

O Ooo0oooao
O Oooooao
O Oo0oooao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0ooo0oao
O Ooo0oooao
OOoo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O0Ooo0oo0oo0oao
OOoo0oooao
OOooooao
O Oooooao
O Oo0ooogoao
O 0Ooo0oo0oo0oao
O0Ooo0oooao
OOoo0ooooo
O Oooooao
O Oo0oooao

Oo0oooogoQgg

Oooooood
Ooooooogod
OOoooooogod
OoOooooood
Oooooooodg

O 0Ooogooog
[ Y |
OO ogogog

Oooooogogdg

Oo0oooooogogdg

Ooooooggdg

OO0 oooooogogg

OooOoooooQdgdg

OoOoooooooOod

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

Ooo0oooogoQgdg

OoooooooogoOog

OoooooogoQgog

Ooo0ooood
Ooo0oooogod
OoOoo0oooogod
Ooo0Ooo0oood
OooOoo0ooood
Ooo0ooood
OoOoo0oooogod
OoOoo0oooogod
Ooo0Ooo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OoOoo0ooood
Ooo0o0o0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod

Ooo0oooooogoogog

Oo0oooogoQgdg

Oo0oooooogogdg

Ooooooggdg

OO0 ooooooggdg

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

OoOoooooooOod

OoOoooooooQodg

OoooooooogoQgodg

Oo0oooooogoQgg

OO0 oooooogogdg

(6)

OoOoooooooOod

Oooooooooodg

OoooooooogooQgog

Ooo0oooooogogodg

Oo0oooooogogg

[

OooDoooodgogood

OooooooooOodg

O

OoooooooogooQgodg

O

JP 2005-504427 A 2005.

ugboobooaooboodoboad

O

Oo0oooooogoQgog

O

ooano
ugbooobooboboobooadhb
ADODODDODODOOOOOOOooao

O

OO0 oooooogogdg

O
O

0

OO0 oooooogogdg

O
0

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

OoOoooooooOod

O
O

OoooooooooQodg

O
O

Ooo0oooooogoQgg

O

OO0 oooooogogdg

O

OO0 oooooogogg

O

oonf

OoOoooooooOod

O
O

OooooooooOodg

O
O

Ooo0oooooogoQgodg

O
O

Oo0oooooogogg

O
O

.10

OO0 oooooogogdg

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 [ |

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

e [ ey e [ s [y [ |

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo

O

O 0OooOgooo

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

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

Oooooogdg

OO0 oo ooooQgoooo
OO0 oo oooogogoooo
OO0 oo oDooogQgogogooao
Oooooooogooooao
oo ooooooQgoooo
OO0 oo ooooQgoooo
OO0 oo oooogoooo
OO0 oo oDooogogooao
OoooooooogoOoooao
oo oooooogoooo
OO0 oo ooooQgoooo
OO0 oo oooogoooo
OO0 oo oDooogogooao
Ooooooooo0gooOoooao
oo oooooogoooo
OO0 oo ooooQgooooo
OO0 oooooogogoooo
OO0 oo oooogogooao
OO0 0o oDooogogogooao
OO0 oooooogogoooo
OO0 ooooooQgoooo
OO0 oo oooogoooo
OO0 oooooogogogooo
OO0 ooooDooogogooao
oo oooooogoooo
oo ooooooQgoooo
OO0 oo ooooQgoooo
OO0 oooooogogoooao
OO0 oo oDooogogooao
Oooooooogoooao
OO0 ooooooQgoooo
OO0 ooooooQgoooo
OO0 oo oooogogoooo

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

Ooooooggdg

Oooooogogdg

OooOoooooOodg

OooooooQgodg

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

OoooooQgdg

Oooooogoogdg

OOooooogogdg

OooOoo0ooooQgodg

OooooooQgodg

OoooooQgdg

OooooogooQgdg

Oooooogogdg

€]

O O0Oo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooo
O O0O0gooooao
O 0O0OooOoooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0OoOo0ooooao
O OooQgooooao
O 0OO0ooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O Ooo0ooooao
O Ooo0ooooao
O O0O0ooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O OoOo0ooooao
O 0OooQgooooao
O O0goooao

Oooo0oooQgdg

OooOoo0ooooOgoadg

0O O
[ |

OooooooQgdg

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

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

OooooogooQgdg

OoOooooogogdg

Oooooogoood

OooooooQgdg

OoooooooQgdg

JP 2005-504427 A 2005.

ugboobooaooboodoboad

Ooooooogdg

Oooooogogogdg

Oooooogoogdg

OooOoooooOodg

OoOoo0ooooao
OoOoooooaoo
OOoo0ooooao
O Oo0ooooao
OO0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoooooaoo
OOoo0ooooao
OOoo0ooooao

.10

OOoDooooogoQgogooao

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

Ooooooo0ooooooo0o oo oDooooDooDoDooooooooao

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

Oo0ooooooooooooodg
OO0 oDoooooogooooooo
OO0 oo oooogogoooooao
OO0 Do oDooogogoogogoooao
Oo0oooooooooooooao
oo ooooooooooooo
oo oDoooooogooooooo
OO0 oo oooogoOoooooo
OO0 Do oDooogogoooooao
Ooo0oooooooooooooao
OO0 ooooooooooooo
oo oo oDooo oo ooooo
OO0 oooDooogogoooooo
OO0 oD ooooDo<ogogo0ogoogogadag

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

OoooooogoQgg
Oooooooggg
OO0 oooooggg
OoooooooQgodg
OooooooogooQgodg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg

oo oooooogodg

O Ooo0ooooao
O 0Ooo0ooooao
O 0O0Oooooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooo
O Ooo0ooooao
O 0Ooo0ooooao
O O0OoQgooooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0ooooao
O 0Ooo0ooooo
O O0O0gooooao
O 0O0OooOoooao

O oo ooooogdg

OO0 oooooogdg

Oooooooood

oo oooooogodg

oo oooooogodg

OO0 oooooogdg

OO0 ooooogdg

OooOoo0ooooQgadg

Oooooooood

Ooo0oooogoQgdg

Ooooooooodg

Oo0oooogQgdg

oo ooooooQgodg

Ooo0oooogoQgdg

OO0 oooooogdg

Oooooogogdg

OO0 oooooogdg

(8)

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

ooooboobobooboobobooo

OooOoo0oooodgadg
OoooooogoQgdg

Oooooooood
Oooooooodg

Oo0oooogQgdg

OO0 ooooooQgdg

OoooooogoQgg

oo oooooogdg

Ooooooggg

OO0 oooooogdg

OoOoooogoood

Ooocogooogoo

OoOoo0oooOodg OooooooQgdg

O0Oo0oo0oo0oao

OooooooQgdg Oo0oooogoQgdg

O0Ooo0oooao

JP 2005-504427 A 2005.

Oooooogdg OooooogQgog

O0Ooo0oooo

OOooooogdg Ooooooggdg

O0Ooo0oooao

Oooooogdg Oo0oooogogdg

O 0Oo0oooog

OoOoo0ooooOod Ooooooodgdg

O0Oo0oo0oo0oao

OoooooQgodg Ooo0oooogoQgg

O0Ooo0oooao

Ooooooogdg OooooogQgg

O0Ooo0oooo

Ooooooogdg OooooogoQgdg

O0Ooo0oooao

Oooooogdg Oooooogogdg

O 0OoO0oooaog

OoOoo0ooooOod OooOooooodgadg

O0Oo0oo0oo0oao

Ooo0oooOodg OoooooogoQgdg

O0Ooo0oo0ooao

Oooooogdg OoooooogQgdg

O0Ooo0oooo

Ooooooogdg Oo0oooogoQgdg

O0Ooo0oooao

.10

OOooooogdg Ooooooggdg

O 0Oo0oooao

10

20

30

40

50



—O0Ooooooooooooood

(@)

Oooooooo oo oooooooDoooogogoooao

Ooooooogoooooao
Ooooooogogogoooao
OO0 oDooogogooooao
Oooooocooooooao
Oo0oooooooooao

OoooooogoQgogoaoQg

Oooooogogdg

Ooooooooooooood

OO0 ooooooQgoooo

(ve)

e e Y = e e O o Y O

—

;DDDDDDDDDDDDDDD

OO0 oo oDooodgQgogooao

I:II:IDDI:IDDDDDDDD‘QDDDDDDDDDDDDDDD

OO0 oo ooooQgoooo

Ooooooooooooood

=

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood

i R

—

OooooooogogQgogooQg

Ooo0oo0oo0o oo oDoogTTooOoooogoaog
OO0 oooDooo4oooD>-Doodogooao
OO0 oD oODOo0oo0ooDoDoOooOoOoD 20000000

OooooooooQgogogoaoQo
Oo0oooooogogoQgogooQg
Oo0oooooogogodg

0

D

O 0Ooo0oo0ooao

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

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

g
a

g
a

U
u

g
g

g
a

g
a

g
a

g
u

(9

g
g

g
g

g
a

g
a

g
u

O

O

O

aoano

oooooooboooooogao

DEPENDENT BUS VOLTAGE REGULATION”

O

O

O 0Oo0ooooao
OO0Oo0oo0oooao
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
O
]
O
O
O
O
(]
O
O
O
O
O
O

O

oooooao
oooooooooobooao

O

O

0

JP 2005-504427 A 2005.2.

O

O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

O
O

g o

O
O

oo

O

O

O
O

oo

O
O

O

O

O
O

oo

O

O

ooooooooooooao
HIGH POWER FACTOR ELECTRON

goooobooobooboodgd

oooooobooogogao

O
O

O
O

O
O

10

20

30

40



JP 2005-504427 A 2005.2.10

ugooad

(10)

good

¥ "9l

00€

\%s 08
\u r ¥ 208
U
wa | (o
¥
-
Nun b AP

¢ 9

002

H
1
1
id
o
i ;
! 1 : ay
Y%/ “ | m 3 ,_\,\,,mw.%\,, 5 — 1= %A .
sk |V AL Fri
P He
H [N L O Py
! : ﬁ 13450N __
1 t _H_ !
N i : m 5 ._. | 4 M
] alilid
A LaT Gz o - O i)
||||||||| a e —— 202 b o e e e ———— e e o
O



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

—
«
—

=3

(11)

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

(19) World Intellectual Property Organization
International Bureau

(43) Tnternational Publication Date
3 April 2003 (03.04.2003) P

(10) International Publication Number

CT WO 03/028411 Al

(51) International Patent Classification>  HOSB 41/38,

417288
{21) International Application Number:  PC1/1B02/03662
(22) International Filing Date:
6 Seplember 2002 (06.09.2002)

(25) Filing Language: Linglish

{26) Publication Language: English

(30) Priority Data:
09/965,064 26 Scplember 2001 (26.09.2001)  US

{71) Applicant: KONINKLIJKE PHILIPS ELECTRON-
1CS N.V. [NL/NL]; Groenewoudseweg 1, NL-5621 BA
lindhoven (NL).

(72) lnventor: SHEN, Eric,
AA Bindhoven (NL).

B.; Prol. Holstluan 6, NL-5656

(74) Agent: DUSSELDORP, Jan, C.; Inlemationaal Oc-
rooiburcau. B.V,, Prof.  Tlolstlaan 6, NL-5656 AA
Eindhoven (NL).

(81) Designated States (nationalj: CN, JP.

(84) Designated States (regional): European patent (AT, BE,
BG, CH, CY, CZ, DL, DK, LL, IS, I, IR, GB, GR, 1Li, I,
1.1, MC, NI, PL, SIi, SK. TR).

Published:
with international search report

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

{54) Title: ELECTRONIC BALLAST WITII LAMP RUN-UP

100
N
)

CURRENT REGULATION

VBUS

12V8US

(&

{57) Abstract: An clecironic ballast with lamp run-up current regulation. In one aspect, the clectronic ballast comprises an input
stage coupled to an AC source, the input stage converting an AC voltage to a direct current bus voltage, an output stage having inputs
w={ coupled to the bus voltage and outputs connected to a lamp, the output stage providing (i) power to the lamp so as to produce a
X lamp voltage and lamp current in 4 steady state mode ol operation, and (if) a lamp run-up current Lo the lamp during a run-up phase

of the operation of the lamp, and a current regulation circuit for
excecds a steady state lamp current value, and increases if cither

regulaling the lamp run-up current so that the lamp run-up current
the bus vollage increases or the lamp voliage decreases. The outpul

~~. circuit comprises a main high-frequency switching inductor through which an inductor current flows wherein the lamp current is
based upon the inductor current. In one embodiment, the current regulating circuitry further includes current limiting circuitry for
Timiting the lamp run-up-current to a predetermined value. In another embodiment, the cutrent regulating circuitry further comprises
a feedback circuit that adjusts the magnitude of the lamp run-up-cutrent in accordance with the magnitde of the bus voltage. Tn a
Turther embodiment, the current regulating cireuit [urther comprises circuilry for limiting (he magnitude of the inductor current at

003

the moment of commutation.
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Electronic ballast with lamp run-up current regulation

The present invention relates to an electronic ballast for a high intensity

discharge lamp that provides for regulation of lamp run-up current.

Typically, immediately after ignition, arc discharge lamps, such as HID lamps,
go through a run-up phase where the lamp heats up and the pressure in the discharge builds.
At the beginning of run-up the lamp voltage is typically low (20V). It is usually desirable to
provide a current to the lamp during run-up that is greater than the steady state current in
order to properly heat the electrodes and to build pressure in the lamp more quickly. As the
lamp progresses through run-up, the lamp voltage will eventually reach its steady state value
(e.g- 90V) and the circuit should be delivering the proper steady state current.

In the present state of the art, regardless of the circuit topology used to drive
the lamps, a means of properly controlling the run-up current is required. This typically
requires a means of sensing the lamp current and the lamp voltage with suitable controls to
regulate the run-up current in response to the lamp conditions. Sensing the lamp current and
voltage can contribute to losses in the circuit.

Thus, what is also needed is a method and corresponding circuit that effects
control of the run-up current properly in HID lamps without requiring sensing the lamp

current or lamp voltage.

The present invention is directed to an elecironic bailast with lamp run-up
current regulation. In one aspect of the invention, the electronic ballast comprises an input
stage coupled to an AC source, the input stage converting an AC voltage to a direct current
bus voltage, an output stage having inputs coupled to the bus voltage and outputs connected
to a lamp, the output stage providing (i) power to the lamp so as to produce a lamp voltage
and lamp current in a steady state mode of operation, and (if) a lamp run-up current to the
famp during a run-up phase of the operation of the lamp, and a current regulation circuit for

regulating the lamp run-up current so that the lamp run-up current exceeds a steady state
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lamp current value, and increases if either the bus voltage increases or the lamp voltage
decreases. Preferably the output circuit comprises a main high-frequency switching inductor
through which an inductor current flows wherein the lamp current is based upon the inductor
current. In one preferred embodiment, the current regulating circuitry further includes current
limiting circuitry for limiting the lamp run-up-current to a predetermined value. In another
prefetred embodiment, the current regulating circuitry further comprises a feedback circuit
that adjusts the magnitude of the lamp run-up-current in accordance with the magnitude of
the bus voltage. Preferably the feedback circuit includes a circuit for comparing the bus
voltage to a predetermined reference voltage. In a further preferred embodiment, the current
regulating circuit further comprises circuitry for limiting the magnitude of the inductor
current at the moment of commutation.

In a related aspect, the present invention is directed to a method for operating
an electronic ballast comprising the steps of (a) providing an electronic ballast comprising an
input stage coupled to an AC voltage source and including circuitry for converting an AC
voltage to a direct current bus voltage, an output stage having inputs coupled to the bus
voltage and outputs connected to a lamp wherein the output stage provides power to the lamp
50 as to produce a lamp voltage and lamp current, and a current regulation circuit for
regulating the lamp run-up current, the electronic ballast having an ignition mode of
opetation, a post-ignition mode of operation immediately subsequent to the ignition mode of
operation wherein the ballast provides a run-up current to the lanp, and a steady state mode
of operation, (b) initiating the ignition mode of operation of the electronic ballast,

(c) thereafter, initiating the post-ignition mode of operation, and (d) thereafter regulating the
lamp run-up current so that the lamp run-up current sxceeds a steady state lamp current
value, and so that the lamp run-up current increases if either the bus voltage increases or the
lamp voltage decreases.

In one embodiment, the method includes the step of limiting circuitry for
limiting the lamp run-up-current to a predetermined value.

In another embodiment, the method includes the step of adjusting the
magnitude of the lamp run-up-current in accordance with the magnitude of the bus voltage.

In a further embodiment, the method includes the step of limiting the

magnitude of the inductor current at the moment of commutation.
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The foregoing features of the present invention will become more readily
apparent and may be understood by referring to the following detailed description of an
illustrative embodiment of the present invention, taken in conjunction with the accompanying
drawings, in which:

Fig. 1 is a schematic diagram of an electronic ballast with lamp run-up current
regulation in accordance with one embodiment of the present invention.

Fig. 2 is a waveform diagram corresponding to the electronic ballast of Figure

Fig. 3 is a schematic diagram of an electronic ballast with lamp run-up current
regulation in accordance with another embodiment of the present invention,

Fig. 4 is a schematic diagram of an electronic ballast with lamp run-up current
regulation in accordance with a further embodiment of the present invention.

Fig. 5 is a schematic diagram of an electronic ballast with lamp run-up current
regulation in accordance with another embodiment of the present invention;

Fig. 6 is a waveform diagram corresponding to the electronic ballast of Figure

Referring now to the drawings, in which like reference numerals and labels
identify similar or identical elements throughout the several views, the electronic ballast 100
of the present invention is shown in detail in Figure 1. Electronic ballast 100 generally
comprises AC power source 102, an electromagnetic interference (EMI) filter 104, and pre-
regulator 106, and output or driver stage 108. AC power source 102 provides a low frequency
(60 Hz) sinusoidal voltage. Electronic ballast 100 further includes capacitors C3 and C4
which are main energy storage capacitors across to which bus voltage Vbus is applied.
Ballast 100 includes input diodes 109.

Output stage 108 includes a half bridge formed by MOSFETs 110 and 112,
inductor L1 and transformer T1. Inductor L1 is the main high frequency switching inductor
through which inductor current iL1 flows. Transformer T1 is a relatively small saturable
transformer that is used to sense the zero crossings of current iL1. Transformer T1 provides a
high pulse whenever the current through it reaches zero. Capacitor C5, which is in parallel to
lamp 114, is a filter capacitor.

In accordance with this embodiment of the invention, electronic ballast 100 is

operated under constant on-time control and in critical discontinuous conduction mode

JP 2005-504427 A 2005.2.10
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4
(“CDCM”). When positive current is delivered to lamp 114, MOSFET 110 functions as a
charging switch and MOSFET 112 functions as a discharging switch. ln CDCM operation,
the current iL1 flowing in inductor L1 starts each high frequency switching cycle at zero.
MOSFET 110 is turned on for a constant on-time toy, which causes current iL1 to linearly
ramp positive. After the on-time is reached, MOSFET 110 is opened (turned off) and
MOSFET 114 is closed (turned on). This causes inductor cutrent iL.1 to linearly ramp
negative back to zero. When the current iL1 reaches zero, as detected by transformer T1, the
switching cycle repeats. When negative current is delivered to lamp 114, the roles of
MOSFETS 110 and 112 reverse and the current polarity in inductor L1 is negative. In one
embodiment, a low frequency clock signal Vclock (see Figure 2) is used to determine when
the roles of MOSFETS 110 and 112 reverse, thus controlling the commutation of the load
(i.e. lamp 114). Figure 2 shows a waveform of inductor current iL1 and the current flowing
through lamp 114 (i.e. iLamp) as a function of time, and a corresponding waveform
illustrating the clock signal Vclock as a function of time. The peak of inductor current iL.1

can be determined from the Equation (1):

. 1(1
Ly gy = z [5 Vs = thmp] Lon

(€3}

The peak inductor current iLpes in inductor L1 is directly proportional to the
on-time ton. It is also a function of the bus voltage Vbus and the lamp voltage. Since
electronic ballast 100 is operated in CDCM, the average current in inductor L1, which is the
current delivered to the lamp 114, is exactly one half of the peak current.

For the purposes of explaining this embodiment of the invention, it is assumed
that that the bus voltage is controlled to a high value (e.g. 500V) when the lamp power is
low, which corresponds to an unlit lamp or a lamp at the beginning of the run-up phase of the
operation of the lamp. As the lamp goes through run-up phase and the lamp power increases,
the bus voltage decreases. When the lamp nears steady state power levels (e.g. 70W), the bus
voltage is regulated to the steady state value (e.g. 400V).

Equation 1 shows that if the on-time toq is held constant, the peak current iL..
1peak iS a function of the bus voltage and the lamp voltage. If the bus voltage increases, the
current iL1 increases. Also if the lamp voltage Vlamp decreases, the current iL1 increases.
Both of these conditions are consistent with increasing the run-up current, since at the

beginning of run-up phase, the bus voltage is high and the lamp voltage is low. Table I
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compares the current values at the beginning of run-up phase versus steady state for a

constant on-time.

Table I
Condition Vbus Vlamp iL1peak ilamp
Steady state 400V 90V 1.60A 0.80A
Run-up 500V 20V 3.35A 1.67A

Table I pertains to a 70W lamp driven nominally at 90V and 0.8A. When the
bus voltage Vbus is 500V and the lamp voltage Vlamp is 20V, the lamp current ilamp is
1.67A, which is roughly twice the steady state Jamp current of 0.8A. Thus, during the run-up,
the lamp current ilamp is doubled while holding the on-time t,, constant. The increased lamp
current ilamp provides a faster run-up of the lamp 114. As the lamp 114 warms up, the bus
voltage Vbus decreases and the lamp voltage Vlamp increases which causes the lamp current
ilamp to decrease and eventually settle at the steady state value.

Thus, by operating electronic ballast 100 in CDCM under constant on-time
(ton) control, the run-up current can be increased by using the load dependent bus voltage
regulation scheme disclosed in commonly owned and co-pending U.S. application serial no.
09/855,469 filed May 15, 2001 and entitled “HIGH POWER FACTOR ELECTRONIC
BALLAST WITH LOAD DEPENDENT BUS VOLTAGE REGULATION, the disclosure
of which is herein incorporated by reference. The electronic ballast 100 does not require any
sensing of the lamp voltage or current and also does not require additional controls other than
the control to implement the bus voltage regulation.

Referring to Figure 3, there is shown a further embodiment of the present
invention which provides a current limiting function that limits the run-up current. Electronic
ballast 200 generally comprises AC power source 202, EMI filter 204, and pre-regulator 206,
and output or driver stage 208. AC power source 202 provides a low frequency (60 Hz)
sinusoidal voltage. Electronic ballast 200 further includes capacitors C6 and C7 which are
main energy storage capacitors across to which bus voltage Vbus is applied. Electronic
ballast 200 includes input diodes 209.

Qutput stage 208 includes a half bridge that is formed by MOSFETs 210 and
212. Inductor L2 is the main high frequency switching inductor through which inductor
current iL2 flows. Transformer T2 is a relatively small saturable transformer that is used to

sense the zero crossings of current iL.2. Transformer T2 provides a high pulse whenever the

JP 2005-504427 A 2005.2.10
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current through it reaches zero. Capacitor C8, which is in parallel to lamp 214, is a filter
capacitor. Qutput stage 208 further includes MOSFET driver circuit 216 which outputs
control signals 217a and 217b which turn MOSFETS 210 and 212 on and off, depending
upon the levels of signals 217a and 217b.

Electronic ballast 200 further comprises conirol circuit 218. Control circuit
218 generally comprises zero-current-detection circuit 220, and on-time (Ton) generator
circuit 222. Control circuit further comprises a current limit circuit that comprises resistor
R1, diodes 224, capacitor C9, MOSFET 226 and S-R flip flop 228. The Q output of S-R flip
flop 228 is comnected to a driver shutdown signal input of MOSFET driver circuit 216.
Control circuit 218 also includes interface logic circuit 230. Logic circuit 230 includes inputs
that are connected to the output of on-time Toy generator circuit 222 and the output of zero
current detection circuit 220.

A secondary winding is taken off of the main high frequency inductor L2 and
is rectified, via diodes 224, and integrated through resistor R1 and capacitor C9. The
resulting voltage across capacitor C9 is proportional to the inductor current il.2. MOSFET
226 fimctions as a switch which resets the capacitor voltage of capacitor C9 during each
switching cycle. The voltage across capacitor C9 is used to indicate when a maximum value
of inductor current iL.2 is attained. The current limit circuit outputs peak detection signal 232
that is inputted directly into the S (Sef) input of S-R flip-flop 228. When the signal level of
signal 232 exceeds the logic threshold of the S input of S-R flip-flop 228, the Q output of
flip-flop 232 shifts to a particular level that causes MOSFET driver circuit 216 to turn off
MOSFETS 210 and 212 thereby preventing any further increase of inductor current iL.2.

Ton generator circuit 222 generates a pulse signal 232 which has a specified
time duration of Toy. Pulse signal 232 is inputted into interface circuit 230 which, in
response, generates the signals 242 and 244 for input to MOSFET driver circuit 216. The Ton
pulse signal 232 also controls the discharging of the integration capacitor C9 by tuming on
MOSFET 226 at the appropriate time.

Electronic ballast 200 is preferably used to prevent the run-up current from
increasing to a value that is too large relative to the steady state value. For example, Table I
shows that the run-up current is approximately 1.67A, compared to a steady state current of
0.8A. However, some lamps may require that the run-up current be limited to a maximum
value (for example 1.4A). As shown in the foregoing description, the current limit circuit of

ballast 200 provides such a current limiting function.
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Referring to Figure 4, there is shown a further embodiment of the electronic
ballast of the present invention. Electronic ballast 300 includes control circuitry that modifies
the on-time To to increase or decrease the lamp current. The modification of the on-time
Ton depends upon the magnitude of the bus voltage. A linear feedback scheme is used to
modify on-time Toy. The configuration and operation of electronic ballast 300 is described in
the ensuing description.
Electronic ballast 300 generally comprises AC power source 302, EMI filter
304, pre-regulator 306, and output or driver stage 308. AC power source 302 provides a low
frequency (60 Hz) sinusoidal voltage. Electronic ballast 300 further includes capacitors C10
and C11 which are main energy storage capacitors across to which bus voltage Vbus is
applied. Electronic ballast 300 includes input diodes 309.
Output stage 308 includes a half bridge formed by MOSFETs 310 and 312,
MOSFET driver circuit 314, inductor L3, and transformer T3. Inductor L3 is the main high
frequency switching inductor through which inductor current iL3 flows. Transformer T3 is a
relatively small saturable transformer that is used to sense the zero crossings of current iL3.
Transformer T3 provides a high pulse whenever the current through it reaches zero. Output
stage 308 further includes filter capacitor C12 which is in parallel to lamp 318. MOSFET
driver circuit 314 outputs control signals 316 that either turn MOSFETS 310 and 312 on or
off, depending upon the level of signals 316.
Electronic ballast 300 further includes control circuit 320. Control circuit 320
generally comprises zero-current-detection circuit 322, on-time (Ton) generator circuit 324,
feedback circuit 326, and interface logic circuit 328. Transformer T3 cooperates with zero-
current crossing detection circuit 322 to detect the zero-crossing point of inductor iL3. The
output of zero-crossing detection circuit 322 is inputted into interface logic circuit 328. When
the inductor current iL.3 reaches zero, at the end of each switching cycle, zero-crossing
detector circuit 322 outputs signal 330 that has a level that causes MOSFET driver circuit
314 to turn on one of the MOSFETs 310 and 312, and turn off the other MOSFET.
Feedback circuit 326 includes summing network 332 that has inputs for
receiving the bus voltage Vbus and a reference voltage Vref. Feedback circuit 326 includes a
feedback gain circuit 334 which has a gain K. Feedback circuit 326 also includes summing
network 336. Summing network 332 compares the bus voltage Vbus to reference voltage
Vref. Summing network 332 outputs signal 338 which is inputted into feedback gain circuit
334, The output of feedback gain circuit 334 outputs error signal 339 that is inputted into
summing network 336. Summing network 336 sums error signal 339 to nominal reference
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on-time signal Tongeom. Summing network 336 outputs signal 340 which is an analog
voltage level that is proportional to the desired on-time To. Signal 340 is inpuited into Ton
generator circuit 324. In response, Toy generator circuit 324 generates a pulse signal 342
having a width that is proportional to the input signal 340. Pulse signal 342 is inputted into
interface logic circuit 328 which outputs control signals 344 for input into MOSFET driver
circuit 314. In response, MOSFET driver circuit 314 outputs signals 316 that have the desired
level for a predetermined time duration that cotresponds to the width of the pulse signal 342.

Thus, the difference between the bus voltage Vbus and reference voltage Vref
is used to modify the on-time Ton. For example, if the bus voltage Vbus is greater than the
reference voltage Vref and the feedback gain K is positive, then the on-time Toy is reduced.
If the feedback gain K is negative, then the on-time Toy is increased.

Equation 1 shows that the peak inductor current is described as a function of
bus voltage, lamp voltage, and on-time Toy. At the moment of commutation, when the
inductor current switches polarity, the peak inductor current can increase to large values. This
is because the lamp voltage, or the voltage across filter capacitor C5 (see Figure 1), cannot
change instantaneously. For example, Table I shows that during the steady-state case wherein
the bus voltage Vbus is 400 volts and the lamp voltage is 90 volts, the nominal peak inductor
current is 1.6A. However, at commutation, the lamp voltage is -90 volts which provides a
peak inductor current of 4.2A. This relatively high peak current requires a relatively larger
inductor, thereby increasing costs and required space in the electronic ballast package.
Therefore, Figure 5 shows another embodiment of the electronic ballast of the present
invention which addresses this problem. Electronic ballast 400 controls rnm-up current at the
moment of commutation. Electronic ballast 400 generally comprises AC power source 402,
EMI filter 404, pre-regulator 406, and output or driver stage 408. AC power source 402
provides a low frequency (60 Hz) sinusoidal voltage. Electronic ballast 400 further includes
capacitors C13 and C14 which are main energy storage capacitors across to which bus
voltage Vbus is applied. Electronic ballast 400 includes input diodes 410.

Qutput stage 408 includes a half bridge formed by MOSFETs 412 and 414,
MOSFET driver circuit 416, inductor L4 and transformer T4. Inductor L4 is the main high
frequency switching inductor through which inductor current iL4 flows. Transformer T4 is a
relatively small saturable transformer that is used to sense the zero crossings of inductor
current iL4. Transformer T4 provides a high pulse whenever the current through it reaches
zero. Output stage 408 further includes filter capacitor C16 which is in parallel to lamp 418.
Output stage 408 further includes MOSFET driver circuit 416. MOSFET driver circuit 416
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outputs control signals 420 that either turn MOSFETS 412 and 414 on or off, depending upon
the level and duration of signals 420.

Electronic ballast 400 further includes control circuit 422. Control circuit 422
generally comprises zero-current-detection circuit 424, on-time (Ton) generator circuit 426,
open-loop commutation current limit circuit 426, and interface logic circuit 428. Transformer
T4 cooperates with zero-current crossing detection circuit 424 to detect the zero-crossing
point of inductor current il.4. When the inductor current iL4 reaches zero, at the end of each
switching cycle, zero-crossing detector circuit 424 outputs pulse signal 430 for input into
interface logic circuit 428. In response, interface logic circuit 428 outputs signals 431 that
have a level that causes MOSFET driver circuit 416 to turn on one of the MOSFETS 410 and
412 and turn off the other MOSFET.

Control circuit 422 includes input 440 for receiving a low frequency
commutation clock signal Vclock (also shown in Figure 6). Control circuit 422 further
includes an inverter 442 and a first network comprising capacitor C17, resistor R2, resistor
R3 and diode 444 that is in parallel with resistor R2. Capacitor C17 and resistor R2 form an
RC (resistor-capacitor) circuit. Control circuit 422 farther includes a second network
comprising capacitor C18, resistor R4, resistor RS and diode 446 that is connected in parallel
with resistor R4. Capacitor C18 and resistor R4 forms another RC circuit.

The low frequency commutation clock signal Velock is fed into the network
comprising capacitor C18 and resistors R4 and R5. Clock signal Velock is also inverted via
inverter 442 and inputted into the network comprising capacitor C17 and resistors R2 and R3.
Diodes 444 and 446 limit positive going signals. The RC circuit comprising capacitor C17
and resistor R2 create an edge-triggered waveform V1. The RC circuit comprising capacitor
(18 and resistor R4 create an edge-triggered waveform V2. Both waveforms V1 and V2 are
shown in Figure 6. Waveforms V1 and V2 are summed together with a constant reference
value Tonges to produce a resulting voltage Ton, indicated by the number 448, which
represents the on-time. Resistors R3, R5 and R6 accomplish the aforementioned summing
function. The on-time is reduced during commutation and returns to a nominal value after a
time constant determined by the aforementioned RC circuits, Thus, control circuit 422
reduces the on-time during commutation in order to limit the peak current iL4.

Thus, electronic ballasts 100, 200, 300 and 400 operate with constant on-time
control and in CDCM so as to control run-up current without the need for sensing lamp
current and lamp voltage. Electronic ballasts 100, 200, 300 and 400 provide the following

advantages and options:
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a) the circnitry of ballast 100 responsible for regulation of lamp run-up current
can be used with the load-dependent voltage regulation scheme shown in disclosed in
commonly owned and co-pending U.S. application serial no. 09/855,469, filed May 15, 2001
and entitled “HIGH POWER FACTOR ELECTRONIC BALLAST WITH LOAD
DEPENDENT BUS VOLTAGE REGULATION™ without any additional controls or
modification of the on-time;

b) electronic ballast 200 provides the ability to impose an absolute limit on the
run-up current by integrating the inductor voltage;

c) electronic ballast 300 provides additional scaling of the current in response
to variations in the bus voltage via a linear feedback scheme which modifies the on-time in
response to changes in the bus voltage;

d) electronic ballast 400 limits the peak inductor current during commutation
via an open loop configuration that reduces the on-time in response to the commutation clock
signal;

¢) electronic ballasts 100, 200, 300 and 400 do not require the direct sensing of
the lamp current or lamp voltage; and

f) electronic ballasts 100, 200, 300 and 400 can be used with many types of
arc-discharge lamps, such as HID lamps, fluorescent lamps, etc. .

The principals, preferred embodiments and modes of operation of the present
invention have been described in the foregoing specification. The invention which is intended
to be protected herein should not, however, be construed as limited to the particular forms
disclosed, as these are to be regarded as illustrative rather than restrictive. Variations in
changes may be made by those skilled in the art without departing from the spirit of the
invention. Accordingly, the foregoing detailed description should be considered exemplary in
nature and not limited to the scope and spirit of the invention as set forth in the attached

claims.

JP 2005-504427 A 2005.2.10
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CLAIMS:

1. An electronic ballast (200), comprising:

an input stage (206) coupled to an AC source (202), the input stage (206)
converting an AC voltage to a direct current bus voltage (Vbus);

an output stage (208) having inputs coupled to the bus voltage (Vbus) and
outputs intended to be connected to a lamp (214), the output stage (208) providing (i) power
to the lamp (214) so as to produce a lamp voltage and lamp current in a steady state mode of
operation, and (if) a lamp run-up current to the lamp (214) during a run-up phase of the
operation of the lamp (214); and

a current regulation circuit (218) for regulating the lamp run-up current so that
the lamp run-up current exceeds a steady state lamp current value, and increases if either the

bus voltage (Vbus) increases or the lamp voltage decreases.

2. The electronic ballast according to claim 1 wherein the current regulating
circuit (218) further includes current limiting circuitry for limiting the lamp run-up-current to

apredetermined value.

3. The electronic ballast according to claim 1 wherein the current regulating
circuit further comprises a feedback circuit (320) that adjusts the magnitude of the lamp run-

up-current in accordance with the magnitude of the bus voltage.

4. The electronic ballast according to claim 1 wherein the output circuit
comprises a main high-frequency switching inductor (I.2) through which an inductor current

flows wherein the lamp current is based upon the inductor current.

5. The electronic ballast according to claim 4 wherein the current regulating
circuit further comprises circuitry for limiting the magnitude of the inductor current at the

moment of commutation.

JP 2005-504427 A 2005.2.10
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6. The electronic ballast according to claim 1 further comprising a bus voltage
regulating circuitry that adjust the bus voltage in response to variation in the lamp power, the
bus voltage regulating circuitry regulating the bus voltage to a constant value under steady
state conditions and preventing the bus voltage from increasing in an uncontrolled manner

under open circuit and pre-ignition conditions.

7. A method for operating a high intensity discharge (HID) lamp on an electronic
ballast comprising the steps of:

a) providing an electronic ballast (200) comprising an input stage (206)
coupled to an AC voltage source (202) and including circuitry for converting an AC voltage
to a direct current bus voltage, an output stage (208) having inputs coupled to the bus voltage
(Vbus) and outputs connected to the HID lamp (214) wherein the output stage (208) provides
power to the lamp (214) so as to produce a lamp voltage and lamp current, and a current
regulation circuit (218) for regulating the lamp run-up current, the electronic ballast (200)
having an ignition mode of operation, a post-ignition mode of operation immediately
subsequent to the ignition mode of operation wherein the ballast provides a run-up current to
the lamp, and a steady state mode of operation;

b) initiating the ignition mode of operation of the electronic ballast;

c) thereafter, initiating the post-ignition mode of operation; and

d) thereafier regulating the lamp run-up current so that the lamp run-up current
exceeds a steady state lamp current value, and so that the Jamp run-up current increases if

either the bus voltage increases or the lamp voltage decreases.

8. The method according to claim 7 further including the step of limiting the

lamp run-up-current to a predetermined value.

9. The method according to claim 7 further including the step of adjusting the

magnitude of the lamp run-up-current in accordance with the magnitude of the bus voltage.

10. The method according to claim 7 further including the step of limiting the

magnitude of the inductor current at the moment of commutation.

JP 2005-504427 A 2005.2.10
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