JP 2008-92795 A 2008.4.17

(19) B EEHEFT (UP) w4 M4 F A BRA (1) S5 R A P 2

$3F82008-92795
(P200B-92795A)
(43) BB  FR0E4R17H (200.4.17)

61) Int.Cl. F 1
HO2M 3/28 (2006. 01} HOZM

3/28

Fova— (%)
J 5H730

FEMER RER BREOH I OL HEFREE (£330 R

@) HEES #FEE2007-260691 (P2007-260691) |(71) BEE A 501315784
22) B ERLIEI0R 4R (2007.10.4) PALF AR Gl P P - I TR e o
@D WEEERES 11/543,570 RlL—FwF
(32) &5 H ERIBEI0A4H (2006.10.4) TAVARERE- 95138 - #2710
@) \EEERE REUS) =T By RE-ANYP— TR
-5245
(74 fREA 100064621
FELT W B
(TH) REA 100098394
FEL W S
(T2RAEFE P74 - 7745

TAVAERE - 95035 - AV 71
ST AR TP —A—
FZ47-210

F &—2 (%) 5H730 AS02 BB43 BB57 EE02 EE07

EE59 FDOl FD41l FFl6 FGO5

64) [READEN] NERBES W ERE2ET28RLAS vF

(GHoooo
00000000000O00000000000000
00o0000000000OO0

0000000000 00O0O0O0O0000000000
0000000000000000000000000
000000000000 0000000000000
00000000C0C0C0C0O00O00000000000
000000000O00O0O00O00000000000
0000000000000000000000000
000000000000 0000000000000
oooooo

ooooooo

100

o o
& :1,_
"1:‘:“" =
PP =
: D
(R =
X
N
- 4
At u| &
~ [ =
wn w
BN T
B
<:n0 o _L
3
= 2
= fo] .—o
5}21 B
e
3 | t
3 |
v Zo
gj‘g £
1 :
2
Y
< =y
2
3
' ;h@ g
-3 A
=1 19 i




e s s e [y [ |
e s e e ) e e e e A e e s e e e e e O R s [ [
s s [y [ |

[ I I A B

O 0O0oOooooaog
OOoo0ooooaoo
O 0O0o0ooooaog
O 0Ooooo

O Oogogo

O 0Ooo0ooo

O Ooogoo

O 0Ooo0ooo

O Ooogoo

O 0Ooo0ooo

O Ooogoo

O 0Ooo0ooo

O Ooogooo

O 0Ooo0ooo

O 0Ooogooo

O 0Ooo0ooo

O 0Ooogooo

O 0Oooo

O O0Oo0oooao
O Ooo0oooao
O Oo0oooao

Ooooooooooooo0o4o0DooDooo o0 oDoDooo0oo0ooDoooogogoooao

e s e e e s e e s e e Y I

oo o oooogoQgoQg
oo oo oooggog
oo oooooogoQgoQg
oo o ooooggog

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

Ooo0oooogooao
OoooogoQgooao

O 0Oooo

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

O oOooo

O
O
O
O

O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

(2)

O Oooo

O 0Oooo

O Oooo

O
O
O
O

JP 2008-92795

O
O
O
O
O
O
O

O
O
O
O
O
O
O

O
O
O
O
O
O
O

OJ
O
OJ
O
O
O
O

O
O
(]
O
(]

O
O
O
O
O

O
O
O
O
O

2008.4.17

10

20

30

40

50



Ooooooo4o0oooooo00 oo ooo0DoooDooDoLDUoooDoDooo0oooDoDooo0oDoDoooQgooao
e s e e e e e e e s e Y Y

0

OooooOoooOoooooooOoooOoooOoooooooOoooOooooooooooooooOoood
I ey ) I e e Iy

O
Iy e ey e Ry e e e s [ s e I O B

Iy ) I I e e Iy

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

O Ooo0ooooao
O O0Oo0ooooao
O Ooo0ooooaoo
O Oo0ooooao

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 O0OoOooo
O Ooooo
O OooOooo
O 0Ooooao
O OooOooo

O Ooo0ooooao
O O0oooooaog
O Ooo0ooooao
O Ooo0ooooaog
O Ooo0ooooao
O Ooooooaog
O Ooo0ooooao
O Ooo0ooooaog
O Ooo0ooooao
O Ooooooaog
O Ooo0ooooao
O Ooooooaog
O Ooo0oo0oooao
O Ooo0ooooog
O Ooo0ooooao
O Ooo0ooooaog
O O0Ooo0oo0oooao
OOoo0ooooaog
O O0Ooo0oo0oooao
O Ooo0ooooaogo
O O0Oo0ooooog
O Ooo0ooooao
O O0Oo0ooooog
O Ooo0ooooo
O O0Oo0ooooaog
O Ooo0ooooao
O O0oo0ooooaog
O Ooo0ooooao
O Oo0ooooaog
O Ooo0ooooao
O Ooo0ooooaog
O Ooo0ooooao

OooooogogQg

O Ooooo
O OooOooo
O Ooooo
O OooOooo
O Ooooo
O OooOooo
O Ooo0ooo
O OooOooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O OooOooo
O Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooOoo
O Ooooo
O Oo0goo
O Ooooo
OO oOooo
O Ooooo
O OoOgooo
O Ooooo
O OoOooo
O Ooooo

O

OoOoooogogdg

O

OooooogogQg

O

OOooooggdg

O

O Ooo0ooo
O OooOooo
O Ooo0ooo
O OooOooo
O Ooo0ooOoao
O Ooooo
O Ooo0ooao
O Ooooo
O Ooo0ooOoao
O Ooooo
O 0Ooo0ooOoo
O Ooooo
O O0Oo0ooOoao
O Ooooo
O O0Ooo0ooOoao
O Ooooo
O O o0goo
O Ooooo
O OoOgoo
O Ooooo
O OoOgooo
O Ooooo
O OoOooo
O Ooooo
O Ooooo
O Ooo0ooo
O OooOooo
O 0Ooo0ooOoao

OooooogoQgoQ

O

OOoo0ooogogdg

O

gooobooao

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

Ooooooogoogao

O

OoOooooogogoQg

O

s |

O

OooooogogQg

O

OoooooogoQgaQd

O

gogooano

Oooooogogodg

O

OooOoo0ooogooQgaod

O

€))

goao

OooooogogoQg

O

OooOoo0oooogaod

O

OooooogogoQg

O

goooano

I |

g
g

OooooogogoQg

g
g

I [y |

O

JP 2008-92795

O
O
O
O
O

OooooogogaoQg
OO0 oooogogdg
OooooogogQg
OO0 ooogogdg
OooooogogQg

goooao

O
O
O
O

OOoooogogodg

OooooogogoQg

OOo0oooggodg

OooooogoQgaoQo

OOo0o0ooogogdg

O 0o oo

I s [ |

O Oooo

2008.4.17

gooano

O Ooooo
O 0Ooo0ooao

O Ooo0ooooaog O Oooo
O Ooo0ooooao O 0Oooo

Ooooogogdg
I [ |
OoOooooogogdg
OOoo0oo0oood

O Oooo
O Oooo
O Oooo
O 0Oooo

oooooDoOoOOoooooooboao
Ob00000C000000DOOC
ocooooooOoooooboooboooooooo0ob0O0O0O00ooO0o0o0oaon

mwewvD 00 000000000000 D000O0D00O0O0O00O0O000O0O00
0000000 0000000000000 0000D0,00000000 g

000000000000 00D0000000000000000000000000
0000000000000 00guewnwd0000000000000000000000

10

20

30

40



OO0 oDoooooooooogoogogooo

O

OoOooooo4oooooo0 oo oDooooUoooDoDoooooDooogogoao

Oo0oooooooooooooog
Oooocooocooooo0oooaOo

Oo0ooooooooogogoogogoo

0

OoOooDoooDogooogood

O

O

OoooOoooOd=
I I I [y o

O

OoooooQgoooao

O

[0)

O

I I o Iy
O o0Oo0ooano

OO0 oDoooooooooogogogooao

OO0 Do ooogogoog-

O

4)

JP 2008-92795 A 2008.4.17

ooooooobooboooooooooobobbboooooooboboobbboboooo
0o, 000000000000 O000CO0D0000D000000sc0ODOODOO
goooobooboobobooooooooobbbobooooooboobbg,000o

U
U

o ,0o0o0o0ooooobbbobooooooooboDb ,s00o0oooocoobobao

0

0
g
t
0
g

0,s0000
Doo0O00Do

0g, 0000
0000000 ,g0
0000000 ,q0
Do0O00O0D0000
000000000
000000000
00000000
000000000
O
0OO0O00O0D0000

OoOoo0oooogdg

O0Ooo0oo0ooao
O Ooo0oooo
OooOoo0ooood
Oo0oo0oooogdg
Ooo0Ooo0ooood
Oo0ooooogdg
Ooo0Ooo0ooood
Ooo0ooooogodg
OO0 o0oooogdg
Oo0ooooogdg
OOo0o0oooogdg
OooOoo0oooogdg

gooao

goooao

ooao

O

U
t
0
g
g
u
0

0

ooobobobooooooooo,,sboooooooooooao
JLJUoododooibg,000000daoooobao

JO0o0oooocoobao
Jooooboooagao

ooooao
gooobao
ggoooano
gogooano
ooooOao

ooooOao

oooooo
0s,0000 10
0oooooo
oooooo
0oooo0oo

gooooano
I e I I
pwvl D00 O0O0O0O0O0OODOOO0O0O0O0O0OO0OODODOOO0O0OO0OOOOOOOOO0O0O0

oooobobooooooo ,,so0bobobooooooocobobbobooooooboooobooao
ogoo

20

goobbbi0id0g,00obooobbooooooooobboboooooonan

0ooooooao
0000g,00
0oooooao
0ooooooao

,00000000,0

OO oO0oooo
O 0Oo0oooo
O O0Oo0oooo

OO0 oooo4dooooogogogog
Oooooooooooogogoao
Oo0DoDooo4gogooooogogogog

ooooobooao
oooobDoao
ooooooao
ooooooao

O

O OoOo0oooao
O Oo0oooao
O O0Oo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0ooo

OouUTPWM

O 0Oooo
O OO
O OO

ouTPwmU
oggoao

ooono
oooao

O oOoooo

OOoo0ooog

Ooo0oooQgoogoao
OoOoooogogogao
OoooooQgogoao
Ooooogogao
OoooooQgogoao
Oooooogogao
OoooooOoogoao
OooooQgogao
OoooooOoogoao
Ooo0oooQgogoao
OooOooooOoogoao
Ooo0oooQgogoao
OooOooooOoogoao
Ooo0oooQgogoao
OOo0ooogo-gogao

alalalin
00 go0
00 ap0
0,500
alalalin

gooao
oooao
oooao
gooao

O Ooo0oooao

OOoooood
OOooooodg
OOoo0ooood
OOooooodg

00000000000 yjnpwnD 00 A4,0 000 40
000000000000 00,000000,00
0s00000,000000000 japwud 000
0000000000000 000000,000
,s=00000000000000000

0000000000000 0000000000 30
0000000000000 D00O0D000O0D000
o,00000000000000000D000000
0000000000000 00000 gec000
000000, 00000000000000000D0000000000
0sc0 00000000 ggcO

O

O

O

OoooooQgogoao
OOo0ooogo-gogao
Ooo0oooQgogoao
OOo0ooogo-gogao
Ooo0oooQgogoao

oad
ood
od
oad

g
g
oad

OoOoooogogogao
OoooooQgogao
OoOoooogogao
OoooooOoogao
Oooooogogogao

I o 6 O 1 A B A NSO B R W A B
ooobODbOOO0oOO0ooooooooboboboooo
gooboooobbooooboooooboboboo

osccU D ODODODOOOOOOOOODODOOOOO
uogoboooobbooooobooooboad
ooobODbOOO0oO0oooooooobobooood 40

OoOoo0oood

50



OO0 oDoooooooooogoogogooo

O

OoOooooo4oooooo0 oo oDooooUoooDoDoooooDooogogoao

e A A |

ud

O O0Oo0o0oa.
OoOooo0ogao

Oo0ooooooooogogoogogoo

OO0 ooooogoQgog
OO0 ooooogogog
oo ooooogoQgog
OO0 oooooggog
oo oooogogoo

0

00
0oao
0oao
0 0

Fall

00

()]
R
|

Ooooooogooao

O
O

s s s e e e s e s e |
OoooooooooooooDooogogooooaog
OOo0ooogo0gU0ooDoDooUogUoooDoDoogogoooaog

O Ooooo

O OooOooo

O Ooooo

O OooOooo

O Ooooo

O OooOooo

O Ooo0ooo

OooOoo0ooooQgod
OoOoo0ooogd
Ooo0o0o0oooQgd
OoOoo0ooogd
Ooo0oo0oooogod
OoOoo0ooogd
Ooo0oo0ooood
OoOoo0ooogd
OooOoo0ooood
OoOoo0oooogd
OooOoo0ooood

Ooooooo0ooooo4o0D oo oooo0oooDoDoooooooaog
OoOoo0oooogdg

(5) JP 2008-92795 A 2008.4.17

0000000000000 ,,0000000000000000000 g0
0000000000000 DO000D0000000D0000000000000
0000000000000 0000000000000.s,00000000
0, 00000000000000,0s,00000000000

0000000000000 D0D0000000 x000000000000000
0000000000000 000000000000000000000000
mpwvd 00 0000000000D0,00000000000000 gl

ooooboooObOOob0ooooooooODbDDbO00oDooooooDbDDbDbOO0eEgdd
goooboobobbooouopb0 000000 o0bDbb00egecOOOOd
goooobooboboooooooooobbobooooooboooonoan
gbboboboooobboouopgobbboooooboooobooooonan

o, 00000000000
0,00000000,00
000000000000
00,000000000
000000000000
0osc01 0 0000000000000 00
0000000000000 00000

U
O
g
u
O
g

O 0Ooo0oooo
O OoQgooo
O 0Ooo0oooo
O Ooogooo
O 0Ooo0oooo
O OooQgooo
O 0Ooo0oooo
O Ooogoooo
O 0Ooo0oooo
O 0Ooo0goooo

P Y I B N R W PN
gbooocdoooboboouoobooogaoanb
oooocoboObOboO0Ooooooobgb00

goocooboooooo ,so0b0o000004d
goooobooog ,sob0o0oboboooogod
goobooooobbopgbbboobboogbnbOd
ooocooObOOooooooooobobooooo
gooooooobbooooboboogoboboboo
gooooboooooooobobg0o0a0od
ooocooboOooooooooobobooood

0000000000000 O000000000
o0 000000000, 00000000000

000000000, 000000000000
00000D0000D0,000000000000
0000000000000 D000000000
00000D0000D0L,000000000000
D00D0,000000000 ,s0
0000000000 00000
0000000000000 00

b000ooooboobbbboooooooobobbboboooooodan

00,000
000000

Looo,00

0000 ,s0
000000

oo
1sU
o0
oo
oo

O Oooo
O O0ooo

O Ooooo
O 0Oo0ooOoao
O 0Ooooo

O Oooo

O O0ooo

O Oooo

gogobboooobbooogogoboooooboboad
ooobODbOOO0O0oooooooobbooooao
gogoboooobboogoobobooooboboo
uogoboooobboooooboooooboboad
oboobg, 0000000000

gooboooobbooooobooooobooboao
uogoboooobbooooobooooboad
ooobODbOOO0oO0oooooooobobooood
gooboooobboooobooooobobDboo
ocoobOboOoooooo ,,bOb0DO0OO0O0004d
U, nooboooooooooobboooood
ooobODbOOO0oOO0ooooooooboboboooo
ooobObOO0OO0oDOooooooobboooodd
gogooboooobboooooboooooboboao
uogoboooobbooooobooooboad
ooobODbOOO0OO0ooooooooboboobooooo

10

20

30

40

50



OO0 ooogogoao
Oooooogogoao
Oo0Dooogogoao

O 0Ooooao
O 0Oo0ooo
O 0Ooo0ooo
O 0OooOooo
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooao
O OooOooo
O 0Ooo0ooao
O OooOooo
O 0Ooo0ooao

Ooo0oo0oogogaDo

e e R e e [ s [y [ |
e s e e e ) e e e s e s e s [ [
Ooooooooooodg

OoOoooooQoooooo4oooDoooo4o0D oo oooo oo oDoDooooDooogooao

OooooooDoooDoooDooo -

O OgX
O
O d
X
[ |

LoapszH
oad

O
O
0
O

g
a
O
O
a

Ooo0oooQgogao
OOo0o0ooogd

z

]
|

OooooooooooogQgoQg

OO0 oDooo4gooood
Ooooooooooaoo
OOooooodgogogooao
Ooooooogogoooao
Oooooodgogooao

O

O O

P N N A N A B R A R W W O W PN B
gooobooogano

udd
ooobOboO0oo0ooooooobbboboouoooopooooobooooooboboao
ooobbob00b00000000O0O0ODODODDODO0OO0DO0DO0oO0oOooooObODbOOO0OOn
gogobboooobooooobbooad
o0 OD0ODDODbOOOOO0OO0OO0ODnEO
od

(6

oooDDbDOO0OO0O0oo0ooaon
ooooODbOOO0OO0ooooan

u
O
g
a
O

O 0Oo0ooOooao
O 0Ooo0oooo
O 0Oo0oo0ooao
O 0Ooo0oooo
O 0Oo0ooOooao
O 0Ooo0oooo
O 0Oo0ooOooao
O 0Ooo0oooo
OO o0gogoo
O 0Ooo0oooo
O 0O o0gooo
O 0Ooo0oooo
OO oQgooo
O 0Ooo0oooo
O OooQgooo
O 0Ooo0oooo
O Ooogooo
O 0Ooo0oooo
O OooOgoooo
O 0Ooo0oo0ooao
O OooOgoooo
O 0Ooo0oo0ooo

goobooooobobooogooDbao
gboboooooobooooooban
0 4,0

0

0
g
U
0
g
t
0
g
g
U
0

0

O

OOoo0oooQo

a
u

ooooObOO0oo0ooooooobObbooooooooboODbbOoooooan
cAHoboobiobfb00000DbDO0DO0ODbOO0oO0OODO0oO0OO0DoDODOobODbODOobOoOooOoDOnn
bbb b0oo0oo0oooobi0beb0b0b0ooboboboobobooo0onn
gooocooboboooooooooobobboboooooooobbbOoooooan

O

goao
uoao
ooan
oo
uoao

L oO0o0o0oooooocoobbobooooooooooan

oooooOoo0oooao

oogooboooogooan

O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0O oO0ooOoo
O Ooooo

O

O

Ugs,0000000000

g
u

g
u

O

O

O
|

00
00
00
00
1sU

oad

JP 2008-92795 A 2008.4.17

U
0
U
g
O

0

oooboooooboad

00

O

O

ooooooao

gogobooooobod
ooobODbDLoO0O0D0O0
coooobbooood
oooboooooboad
oooooao

00000000000
00000 0000000000
pea] 00 0000000000000 000D0000e,00000
00, 0000000000000000000000000000
0000000000000 D00000,000000000000

gooooboboooodoo 00000000000000000 g LU
goobobogoooobbooooddooboobbooooodoan

O

O

O

000000 pead 0000000000

O
O
O
O

oo oooooobObboboootodbeoooooobboano
gooobooooobboooboooooboboooobobooooobono
U0g,00000000000000000000000O0O00O0O0
xHaoooooooo ,gguddooobobooooooooobao

gooooboboooooooooooao

DO0000O00000
0000000000
0D0,0¢00,0¢00
D0O000D00000
0000000000
0000000000
0000000000

0 ,s0
000
SD SD
000
000
000
000

g
a
O
g
g
O

PEAK LOAD1|:| 0 PEAK LOAD2|:| O PEAK

0oooo
0000
0000
0000
ws0 00

,00,00
00000
00000
0ooooo
00000

,000000
,s01 00000
0oooooao
0oooooao
0oooooao

b,joooooobbbooooooooobobbbooooooooobboood
oooooooooooobooobooboboo oboooboDo0o ob0oboobooobDooao
b,pooooooooobooon ,, 00000000 o0ob0oo0oboDobobOOooboooDOan
oooooboooooooooboboboboooooooobbobooooooboooao

10

20

30

40

50



O 0Ooo0oooo
O Oo0oooo
O 0Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooo
O 0Ooo0oooao
O Ooo0oooo
O 0Ooo0oo0ooao
O Ooo0oooo
O 0Ooo0ooOooao
O 0Ooo0oooo
O 0Oo0oo0oo0oao
O 0Ooo0oooo
O 0Oo0oo0oo0oao
O 0Oo0oooo
O O0Oo0Ooooao
O 0Ooo0oooo

O oOoooo
O Ooooo
O oOoooo
O Ooooo
O oOoooo
O oOoooo
OooOoooo
O oOoooo
O oOoooo
O oOoooo
OooOoooo
O oOoooo
O oOoo0ooao
O oOoooo
O 0Ooooao
O oOoooo
O 0Ooooao
OoOoooo
O 0Ooo0oo0oao
O oOoooo
O 0Ooooo
OoOoooo
O 0Ooooo
O oOoooo
O Ooooo
O oOoooo
O Ooooo
O oOoooo
O Ooooo
O oOoooao
O oOoooo
O oOoo0ooo
O oOoooo

OoOoooooDoooogooogoodg
O o0ooOoo0oaod

OO0 oDoooooooooogogogooo
OO0 Do ooo4gogooDooogogogoao

OO0 Oooooo0o0 oo oooOo0 oo oo Qo0 ooDoooggg

OO0 oooooggogog
OoooooooQgogoo
OO0 oooooggogo
OoooooooQgogoo
Oooooogoogg
O0Ooo0oooao

O Ooo0oooao
O0Ooo0oo0ooao

O Ooo0oooao

O 0Ooo0oo0ooao

[0)

[
Ooooooogooooao

O

O
O
O
O
O
O
O
O
O
O

I ey A
[

Oooooooo0oooooo0o0oDoDooUo0 oo ooooooDooogooao

OO0 oooo4dgooooogogogog
OoooocoooooooQgogoao
Oo0Doooo4gogooooogoggogog

O 0Ooooo

) JP 2008-92795 A 2008.4.17

O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O oOoooo
O o0Ooo0ooo
O oOoooo
O o0Ooo0ooao

0000000000000 D0000000000
000

0000000000000 0000000
00000000000 g0
0000000000000 0000000000
00

O
O
O
O
O
O
O
O
O

gooooooobobbooooboooobbooo
gogoboooooobobbooogooooogoooboogado
ooocooObOO0o0oooooano



JP 2008-92795 A 2008.4.17

oggoao

C))

ogogoano

0501 X(] —p]

4" 980) 1q —

e— 280 it

I
1
1
1
¥
'
I
I
I
!
3
(
U
1
1
t
t
i

1
S

SR SO P

EEE

ggoano

080 aN

NmD va XD N(D —(D
WMANI - l H | | |
n Lo i iozz tozz | °
1 ' 1
1 I !
I I I II(D
| i |
| 1 |
I I ]
I ] ]
] | i N
N o
Lo —xa
I
I
+— 8
— a
oz 0l
...................................... -
002 y a
yaN
G | 201 |-
-0
s g pr
Tl 080y ||V_ n
PR R SeL g6l
“w ' #BUTIS=—n < ~
fisy i HHT1S=4y WO s | g
)
[ A
ot 5zl
0gL . asony (.
s L
ozk e 0501 —]
» 1 oLl
gy oot ~
’n

FEIE

—

ggono

¢ #mzs--o

Sve




JP 2008-92795 A 2008.4.17

€))

oggoao

ogogoano

b8 -

b 4—

£QVO" x«MnH
Zavon v_<ML~

Lavol x(Mn_m

W2
Y

[«—s1a

x(mn_H

¥ sy

A e




(10) JP 2008-92795 A 2008.4.17

gooooooanb

INTEGRATED SWITCH WITH INTERNALLY ADJUSTED CONDUCTION TIME

BACKGROUND INFORMATION

Field of the Disclosure

[0001] The present invention relates generally to power supplies and,
more specifically, the present invention relates to the control of a switch in a
switching power supply.

Background

[0002] In known switching power supplies, a switch is switched on
and off to regulate the power that is delivered to an output of the power
supply from an input of the power supply in response to a control signal.
The control signal is a feedback signal that regulates the output. There is
typically a one-to-one correspondence between the value of the feedback
signal and the desired conduction time of the switch. Thus, for a given set
of operating conditions, the value of the feedback signal alone determines
the conduction time of the switch.

[0003] In a known power supply where the conduction time of the
switch responds only to the feedback signal, any disturbance in the
operation of the power supply must propagate through the system until the
disturbance appears in the feedback signal before the switch can respond.
The feedback circuit is usually slow to respond because it is designed to
regulate the average value of an output over many switching periods.

Therefore, transient events such as start-up can cause undesirable
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deviations in voltage and current within the power supply before the control

circuit can establish the desired steady state conditions.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Non-limiting and non-exhaustive embodiments of the present
invention are described with reference to the following figures, wherein like
reference numerals refer to like parts throughout the various views unless
otherwise specified.

[0005] FIG. 1 shows generally an application 100 of one example of
an integrated circuit 105 in accordance with the teachings of the present
invention.

[0006] FIG. 2 is a graph 200 that illustrates generally the behavior of
the pulse width modulator 111 according to the example of FIG. 1 in
accordance with the teachings of the present invention.

[0007] FIG. 3 illustrates generally one example 300 of an integrated
switch included in an iﬁtegrated circuit 105 in accordance with the teaching
of the invention.

[0008] FIG. 4 shows generally waveforms that illustrate the timing
relationships 400 of signals for the example integrated switch 300 of FIG. 3
in accordance with the teachings of the present invention.

[0009] FIG. 5 illustrates generally an example switching power supply
in accordance with the teachings of the present invention.

[0010] FIG. 6 shows generally example waveforms of the switched
current Is; for three different values of the load when the switch is in
position 2 to set the input Uc to the constant open loop signal Ucor in

accordance with the teachings of the present invention.
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DETAILED DESCRIPTION

[0011] Methods and apparatuses for controlling a switch in a
switching power supply are disclosed. In the following description
numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one
having ordinary skill in the art that the specific detail need not be employed
to practice the present invention. In other instances, well-known materials
or methods have not been described in detail in order to avoid obscuring the
present invention.

[0012] Reference throughout this specification to “one embodiment”
or “an embodiment” means that a particular feature, structure or
characteristic described in connection with the embodiment is included in
at least one embodiment of the present invention. Thus, appearances of the
phrases “in one embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily all referring to the same
embodiment. Furthermore, the particular features, structures or
characteristics may be combined in any suitable combinations and/or
subcombinations in one or more embodiments. In addition, it is
appreciated that the figures provided herewith are for explanation purposes
to persons ordinarily skilled in the art and that the drawings are not
necessarily drawn to scale.

[0013] In various examples of circuits according to the teachings of

the present invention, the control of a switch in a switching power supply is
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described. In one example, the switch and a control circuit are included in
an integrated circuit. The control circuit receives a control signal that
corresponds to a desired conduction time of the switch. In every switching
period, the control circuit makes a small reduction in the desired
conduction time in response to the current in the switch during that
switching period. This reduction of conduction time that is independent of
the control signal improves the response of the power supply to transient
disturbances in accordance with the teachings of the present invention. A
reduction in the conduction time of the switch for an increase in switch
current in each switching period produces a damping effect that restricts
deviations from transient disturbances, reduces complexity of the feedback
circuit, and increases the stability of the regulated power supply in
accordance with the teachings of the present invention.

[0014] In one example, a switch is integrated with a mechanism that
is integral with the switch to make the conduction time of the switch
dependent on the current in the switch in accordance with the teachings of
the present invention. The dependence of the conduction time on the
current is an inherent property of the integrated switch. No external
connections or components are required to benefit from the feature. In one
example, the integrated switch senses the current in the switch as a voltage
developed across a metal conductor that is part of the integrated circuit in

accordance with the teachings of the present invention.
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[0015] To illustrate, FIG. 1 shows generally an application 100 of one
example of an integrated circuit 105 in accordance with the teachings of the
present invention. As shown, an integrated circuit 105 receives a control
signal Uc 110 that may be a voltage or a current. A pulse width modulator
111 receives an input signal Unewnm 155 that is related to control signal Uc
110. The pulse width modulator 111 also receives a periodic timing signal
Uosc 125 from an oscillator 120. Timing signal Uosc 125 may be a voltage
or a current that has a period Tosc. Pulse width modulator 111 produces
an output Uourpwm 135 that may be a voltage or a current coupled to switch
a switch S1 130. Switch S1 130 switches an external current I; 115 that is
coupled to be received by integrated circuit 105. Switch S1 130 conducts
for a fraction D of period Tosc where D is the duty ratio. The current Is; 140
in switch S1 130 is sensed as an internal signal Uis 150 that may be a
voltage or a current that is related to current Is; 140 by the factor k; such
that

Uis =k 15 (1)
In the example, the factor ki has units or dimensions of resistance when the
internal current sense signal Ujs 150 is a voltage. The factor k; is
dimensionless when the current sense signal Uis 150 is a current. The
pulse width modulator 111 receives current sense signal Uis 150 to adjust
the duty ratio D in accordance with the teaching of the invention. In one
example, it is noted that the current in the switch, Is:, is an analog signal

having a continuum of values and therefore, the conduction time of the

-6 -
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switch as affected by the duty ratio D is responsive to a continuum of values
of the current Is; in the switch in accordance with the teachings of the
present invention. In one example, the continuum of values of the current
in the switch, Is1, ranges between substantially zero current and a
maximum permissible current in the switch in accordance with the
teachings of the present invention.

[0016] FIG. 2 is a graph 200 that illustrates generally the behavior of
the pulse width modulator 111 in the example of FIG. 1. Characteristic line A
segments 210 and 220 show the value of duty ratio D of switch S1 130 in
responsé to the input signal Unpwm 155 for two values of the current sense
signal Urs 150. Line segments 210 give the value of duty ratio D when the
current sense signal Uis 150 is always zero, corresponding to a zero value
for the factor ki. Line segments 220 give the value of duty ratio D when the
current sense signal Uis 150 is a nonzero fraction of the current Is; 150 in
switch S1 130.

[0017] FIG. 2 shows that the duty ratio D is between zero and one,
increasing linearly from a minimum value Da to a maximum value Ds as the
input signal Umwpwm increases from a value Uai or Uaz to a greater value Usg;
or Uss, respectively. For an input signal Uinpwsm with value Ux between Uaz
and U, the presence of a nonzero current sense signal Uis 150 reduces the
duty ratio from a value Dx to a lower value D1. The value of D; decreases as

the value of Ujs increases.
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[0018] FIG. 3 illustrates generally one example 300 of an integrated
switch included in an integrated circuit 105 in accordance with the teaching
of the invention. Integrated circuit 105 includes a pulse width modulator
comprising current sources 305 and 315, switches 310 and 320, diode D1
317, capacitor Cp 330, inverter 345, comparator 350, and AND gate 355.
An oscillator 120 produces a timing signal Uosc‘ 125 that is periodic with
period Tosc. Timing signal Uosc 125 from oscillator 120 is low for a fraction
k of the period Tosc. Timing signal Uosc is coupled to the input of the
inverter 345 and to an input of AND gate 355. Switch S2 310 is coupled be
closed when the output 340 of inverter 345 is high. Switch S3 320 is
coupled to be closed when timing signal Uosc is high. One skilled in the art
will appreciate that current sources 115, 305, and 315 have finite
compliance voltages that cause their currents to become zero when the
respective switches S1 130, S2 310, and S3 320 are open.

[0019] In one example, switch S1 130 is a metal oxide field effect
transistor (MOSFET) coupled to receive a signal Uourpwm 135 from the
output of AND gate 355 that is also the output of the pulse width
modulator. Integrated transistor switch S1 130 switches a current external
to the integrated circuit. In the example, integrated transistor switch S1
130 conducts the switched current Is; 380 when the signal Uourpwym 135 is
high. A current sense network includes a current sensing element 360, a
resistor 370, and a resistor 375. In one example, the current sensing

element 360 is a portion of a layer of metal that is deposited during the

-8-
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fabrication of the integrated circuit to make electrical connections between
regions of the integrated circuit. In one example, the current sensing
element 360 has a resistance Rcs. The switched current Is; 380 is sensed
as a voltage Vesy 365 on current sensing element 360. As shown, resistors
370 and 375 together form a resistor divider, which is coupled across
current sensing element 360 and scales the voltage Vesi 365 to a current
sense voltage nls; that is the current sense signal Uis 150.

[0020] In the example, integrated circuit 105 receives a control signal
Uc 110 that determines the value of a current Irg 385 from a current source
305. Current Irs 385 is the input signal Umwvewm 155 of the pulse width
modulator 111 shown in FIG. 1. Capacitor Cp 330 charges with current Irp
385 from current source 305 through switch 82 310 while the timing signal
Uosc 125 is low. Capacitor Cp 330 discharges with a substantially fixed
current Ip from current source 315 through switch S3 when the timing
signal Uosc 125 is high. Diode D1 317 places a lower limit on voltage Vp
335. Comparator 350 compares the voltage Vp 335 on capacitor Cp 330 to
the internal current sense signal Uis 150. The output 325 of comparator
350 is high when the voltage Vb 335 on capacitor Cp 335 is greater than the
current sense signal Uis 150. The output 325 of comparatof 350 is low
when the voltage Vp 335 on capacitor Cp 335 is less than or equal to the
current sense signal Uis 150. Thus, integrated circuit 105 switches an
integrated switch S1 130 periodically with period Tosc and a conduction

time determined jointly by or responsive to both the control signal Uc 110

-9.
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and the switched current Is; 380 in accordance with the teachings of the
present invention.

[0021] FIG. 4 shows generally example waveforms that illustrate
timing relationships 400 of signals for the example integrated switch 300 of
FIG. 3. Capacitor Cp 330 charges with current Irg 385 from current source
305 for a time KTosc to reach a voltage‘ Vrs when timing signal Uosc 125
goes high. Switch S1 130 then begins to conduct current Is; 380. In the
example illustrated in FIG. 4, switched current Is; 380 is a constant current
while switch S1 130 is conducting. Capacitor Cp 330 then discharges with
current lo from current source 315. Switch S1 130 stops conducting when
the voltage Vp on capacitor Cp reaches the value of current sense signal Uss
150. Thus, conduction time of switch S1 is influenced by the value of the
current Is; 380 in switch S1 130. For a given value of a control signal Uc
110, the conduction time of the integrated switch S1 130 is reduced by an
amount proportional to the internal current sense signal Uis 150. Therefore,
FIG. 4 shows how the duty ratio D in FIG. 2 is reduced from the value Dx to
the value D by the influence of the internal current sense signal Uss 150 in
accordance with the teachings of the present invention. Thus in the
example, the adjustment to the duty ratio D, or the conduction time, of the
switch in response to the internal current sense signal Uis 150 is
proportional to the current Is; 380 in the switch S1 130 in accordance with

the teachings of the present invention.

- 10 -
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[0022] FIG. S illustrates generally an example of a switching power
supply in accordance with the teachings of the present invention. In the
illustrated example, the topology of the power supply in FIG. 5 is known as
a flyback regulator. It is appreciated that there are many topologies and
configurations of switching regulators, and that the flyback topology shown
in FIG. 5 is provided for explanation purposes and that other power supply
topologies may be included in accordance with the teachings of the present
invention.

[0023] As shown in the illustrated example, the power supply in FIG.
S provides output power to a load 530 from an unregulated input voltage Viy
505. The input voltage Vin 505 is coupled to an energy transfer element T'1
515 and an integrated switch S1 130. In the example of FIG. 1, it is noted
that the energy transfer element T1 515 may be coupled betwéen an input
of the power supply and an output of the power supply. In the example of
FIG. 5, the energy transfer element T1 515 is illustrated as a transformer
with two windings. In general, the transformer can have more than two
windings, with additional windings to provide power to additional loads, to
provide bias voltages, or to sense the voltage at a load. In the example
illustrated in FIG. 5, a clamp circuit 510 is coupled to the primary winding
of the energy transfer element T1 525 to control the maximum voltage on
the integrated switch S1 130 included in an integrated circuit 570.

[0024] In the example, integrated switch S1 130 is switched on and

off in response to an example controller circuit 575 that includes an

-11 -
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oscillator and a pulse width modulator in accordance with the teachings of
the present invention. In one example, switch S1 130 is a transistor such
as for example a power metal oxide semiconductor field effect transistor
(MOSFET). In operation, example integrated switch S1 130 produces
pulsating current in the rectifier D1 520 that is filtered by capacitor C1 525
to produce a substantially constant outpﬁt voltage Vo or a substantially
constant output current Ip at the load 530.

[0025] In one example, the output quantity to be regulated is Uo 535,
which in general could be an output voltage Vo, an output current Io, or a
combination of the two. In the example, the regulated quantity is not
necessarily fixed, but can be regulated to change in a desired way in
response to a feedback signal. A feedback circuit 560 is coupled to the
output quantity Uo 535 to produce a feedback signal Ur 550 that may be an
external input Uc 110 to the controller 575 that is included in the integrated
circuit 570. An internal input to the controller 545 is the current sense
signal Uis 545 that senses a switched current Is; 540 in switch S1 130 in
accordance with the teaching of the present invention.

[0026] Switched current Is; in the switching power supply eﬁamplc of
FIG. 5 is not constant when the switch S1 130 is conducting, but increases
linearly to a peak value Irpax during the conduction time that is a fraction D
of a switching period Ts. The peak value of the switched current Is; changes
with the current Io in the load 530. In normal operation, controller 575

changes the duty ratio D of the switch in response to feedback signal Ur to

-12 -
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regulate the output Uo S35 in response to changes in the input voltage Vin
505 and to changes in the load 530.

[0027] In one example, a switch S4 555 is included in the power
supply circuit of FIG. 5 that allows the input Uc 110 to be either the
feedback signal Ur 550 or a constant open loop signal Ucoz, 565. In the
example, when the switch S4 555 is in position 1, the input Uc to the
controller 575 is the feedback signal Ur. When the switch S4 555 is in
position 2, the input Uc to the controller 575 is the constant open loop
signal UcoL 565. In the example, when the switch in position 2, the
influence of the feedback signal is removed, and the duty ratio is responsive
only to changes in the peak current Ipeak as will be shown in FIG. 6 in
accordance with the teachings of the present invention.

[0028] To illustrate, FIG. 6 shows generally example waveforms of the
switched current Is1 540 for three different values of the load 530 when the
switch S4 555 is in position 2 to set the input Uc 110 to the constant open
loop signal Ucor 565. In the example, duty ratio Dx for conduction time
DxTs corresponds to a condition when current sense signal Uss 545 is
reduced to zero. As shown, a finite non-zero current sense signal Ujs 545
reduces the duty ratio to D1, D2, and D3, corresponding to conduction times
DiTs, D2Ts, and D3Ts, for respective peak currents Ipeak Loap1, IPEAK LOAD2,
and Ireak LoaD3, @s shown by respective currents 605, 610, and 615. Thus,
thé internal current sense signal Uis 545 makes adjustments to the

conduction time of the internal switch S1 130 such as currents in the

- 13-



(23) JP 2008-92795 A 2008.4.17

internal integrated switch S1 130 increase, conduction times and
corresponding reduced duty ratios of the switch S1 130 are reduced in
accordance with the teachings of the present invention. Therefore, the
adjustment to the conduction time by the current sense signal Uis 545 is
not sufficient to appreciably affect the regulation of the output Uo 535. In
normal operation, with the switch S4 555 in position 1 such that the input
Uc is the feedback signal Ur 550, the output Uo 535 of the power supply
remains in regulation when the current sense signal Uss is absent. In other
words, the output of the power supply is regulated even in the absence of
the internal current sense signal in accordance with the teachings of the
present invention.

[0029] The above description of illustrated examples of the present
invention, including what is described in the Abstract, are not intended to
be exhaustive or to be limitation to the precise forms disclosed. While
specific embodiments of, and examples for, the invention are described
herein for illustrative purposes, various equivalent modifications are
possible without departing from the broader spirit and scope of the present
invention. Indeed, it is appreciated that the specific voltages, currents,
frequencies, power range values, times, etc., are provided for explanation
purposes and that other values may also be employed in other embodiments
and examples in accordance with the teachings of the present invention.

[0030] These modifications can be made to examples of the invention

in light of the above detailed description. The terms used in the following

- 14 -
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claims should not be construed to limit the invention to the specific
embodiments disclosed in the specification and the claims. Rather, the
scope is to be determined entirely by the following claims, which are to be
-construed in accordance with established doctrines of claim intérpretation.
The present specification and figures are accordingly to be regarded as

illustrative rather than restrictive.

-15-
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CLAIMS

What is claimed is:

1. An integrated circuit that regulates an output of a power supply,
the integrated circuit comprising:

a switch coupled to receive an external current; and

a controller coupled to the switch to control a switching of the
external current by the switch in response to an external control signal and
an internal current sense signal, which is proportional to a current in the
switch, wherein the output of the power supply is regulated in the absence

of the internal current sense signal.

2. The integrated circuit of claim 1 wherein a conduction time of
the switch is responsive to the external control signal and the internal

current sense signal.

3. The integrated circuit of claim 1 wherein a conduction time of
the switch is responsive to a continuum of values of the current in the
switch, the continuum of values ranging between substantially zero current

and a maximum permissible current in the switch.

- 16 -
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4. The integrated circuit of claim 1 wherein an adjustment to a
conduction time of the switch in response to the internal current sense

signal is proportional to the current in the switch.

5. The integrated circuit of claim 4 wherein the adjustment to the
conduction time of the switch is a reduction in the conduction time of the

switch in response to an increase in the current in the switch.

6. The integrated circuit of claim 1 wherein the current sense
signal is a first voltage, the first voltage being proportional to the current in
the switch and the resistance of a metal conductor that makes connections

between regions of the integrated circuit.

7. The integrated circuit of claim 1 further comprising an oscillator
coupled to a pulse width modulator, wherein the pulse width modulator is
coupled to the oscillator to produce an output that has a duty ratio of the
switch responsive to the external control signal and the internal current

sense signal.

8. The integrated circuit of claim 7 wherein the switch is coupled

to an output of the pulse width modulator.

-17 -
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9. A method of controlling an output of a power supply,
comprising:

receiving an external current with a switch;

controlling a switching of the switch in response to an external control
signal;

adjusting the switching of the switch in response to a switch coupled
to receive an external current; and

a controller coupled to the switch to control a switching of the
external current by the switch in response to an external control signal and
an internal current sense signal, which is proportional to a current in the
switch, wherein the output of the power supply is regulated in the absence

of the internal current sense signal.
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ABSTRACT OF THE DISCLOSURE

[0031] An apparatus and method of providing a pulse width
modulated signal that is responsive to a current are disclosed. An
integrated circuit according to aspects of the present invention regulates an
output of a power supply and includes a switch coupled to receive an
external current. The integrated circuit also includes a controller coupled to
the switch to control a switching of the external current by the switch in
response to an external control signal and an internal current sense signal.
The internal current sense signal is proportional to a current in the switch,
The output of the power supply is also regulated in the absence of the

internal current sense signal.
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