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(b)
d 0
2
G= 4, ”i +1.63 2979 (4 +4)in 1+27m (3-23)
©)
3-4 3-7
a b Az
Ag=(a+3 )% (b+3) (3-23a)
D .
A, =%( D+J)? (3-23b)
J 01D Ag/A 121 A
20
52 E65 2 a 3mm d 3mm
C=27mm D=19.8mm 2 a
m m<(E-d)/2 m=150 (3-22)
Gs =44, H+M+O.13(a+b)+o.077o’+m
46 n(d+m) 4
_ay, 19.8><27+3><1.5(19.8+27)+0.13(19.8+27)+0.077x3+3><1.5 10
4x3 mx3(1+15)
=0.3062x 10°5(H)
3-12 3-23a
G=u (a+5)5(b+5) - (19.8+3??(27+3)X10_3 —02865%10°° (H)
Lo 4mx 10 "H/m
1513 2 EE65 A=65mm B=32.6mm C=27mm D=19.8mm E=44.2mm
F=22.6mm M ox 2000 N,=25 N»=5

400V Ton=3.64 S 1,,=30A

25



1.
2. Bmax
3. 1)
4,
0.05mm
7 7@

Il - B + F - 326 + 226 - 276 mm:2760m:|2

2 2

_A+E-D _65+442-198

I =224mm =2.24cm

: 4

A =DxC=198x2.7 =535cm?

A, = A-E xC = 65-442 X927
2 2
=2.81cm?
A, =(B-F)xC=(326-226)x27 @) . (b)
=2.7cm?
-2
R,z = 2.76x10 _=2045x10°(H™)
MA, 4mx2000x107" x5.35%10
-2
Ry= 12 = 2.76x10 _=391x10*(HY)
HA,  4mrx2000x107 x2.81x10
-2
Rs= L _ 2'24x_170 —=33x10°(H™)
HA,  4rx2000x107° x2.7x10
Ri Rz Rj 2(b)
) 400V T,n=3.54 S 2-19
U U 400 - -
=(—Ldt=—1T =——x35x10"° =56x10"°(Wh
o J’ON1 N, 25 (Wb)
6
o = P2 SO0 5049 (m)
A 535x10
« )
3 2-21
= u,N, _400x5 -80(V)
N, 25
4 2-24
. N, .
i, =i, +i, —==0 )+,

26



i =Nej =S x30-6(a)
N, 7?25

(3-6)
ile = 2R1¢1 +(2R3+2R2)¢1 / 2

56x107°

I, =T-(2R, 4R, *R,) =

1

=0.127(A)

(2% 2.045+3.91+3.3)x 10*

i, =i, +i, =0127+6=6127A
0.05mm

5 5x10°
A, 4rx107" x281x107"

R52:

=142x10*(H™)

-5
Rey = >x10 =744x10°(H™)
477x107 x535x10

iy -—(2R +R, +R2+R3+RJZ
N, 2

_56x107° 4
_T( 2x2.045+3.91+3.3+7.44+14.2/2)x10

=029(A)
50pu m

i, =i, +i, =029 +6=629A

3.4
2-1

L =% (3-24)

3-24

27



34.1

A.
(1) —EKEHNSLBERK
7
I(cm), d(cm), U=l o
4 i
L, = 2I(InE—O.75) x 107(H) 3-25
(1<100d) dr2l (  1GH2)
_ 4l 7
L, = 2I(InE—1) x 107(H) (3-25a)
3-25
kHz 6 2
54 K imm  50cm
fi# (3-25)
L, =2n* ~0.75)x107 = 2x0.5 12> —0.75 x107
d 0.001
=0.546p H
2 BELWAFEM (ME) Z B EE( 3-13)
d(m) I m h(m),
2 2
Lo g FVI"+d7 74 4h 107(H)
| +4/1 +4h> d
+2[J|2+4h2 _IZ+d? [ a+-2h+d /2] x 107(H) (3-26)
d<<l,
2h/l< 1 <9
_ 4h 2 Y-
L= 2I(In?— p) x 107°(H) (3-26a) | Ih
|
2
p= 2h_ 0.228 2h
I I 3-13
4h 2
2h/l> 1 L:2I(InF—q)>< 107(H)  (3-26h)
_ | | ?
g=1+0.5—-0.0352 —
2h 2h
p=2h/l
I>>h
L= 2I(In%h) x 107(H) (3-26¢)

3 WIRFITELBER 3-14

28



I(m) d(m), a(m) @4 >@4
L=4l In? —|3 x 107 (H) (3-27) & —
3-14
1515 25 2.5mm, 15¢cm
(3-27)
L=l n22-2 107 =ax25 n 222 _015 44
d | 025 25
= 47.8(uH)
(4) BIREMBLRYER( 3-15)
D 7
L=2l InF+ 0.25 x 107(H) (3-28)
D d |
B 3-15
1 d m D m 3-16
L =2mD In% -2 x 107(H) (3-29)
(2 b(m)
L =2mD |n% -0.5 x 107(H) (3-30)
€))
41 4
L, = 2I(InH—C) x 107(H) (3-31)
| m
d
C C=2.451 C=2.853 C=3.197
C
1)
L=kN2D x 107(H) (3-32)
D m
| (m);
k D/I
k=aInTD+bTD+C (3-322)
a b c 3-2 5%
151 6 1.6mm 1 20 2cm 4cm

29



D/l 1 k a=1.2317 32 k
— — D/l a b c
b=3.745 ¢=3.05 3-32a <1 12317 3.745 305
__,.D. D 1 45 4.663 0.3803 6.4147
k= aInT+ bT e 45 100 6.135 0.007 5.71
=1.232x In0.5+0.5x 3.744+3.05=4.08
3-32
L=KN°Dx 107 4.07x 20x 0.02x 107=3.256u H
) 3-17
D, D, N
L =2nN 2(D2 - D} - D} ) x 107" (H) (3-33)
D,/ D, 0.1
N2D?
L=""""1 5107 (H) (3-33a)
2
3 3-18
2 D -7
L=2N hInEXIO (H) (3-34)
h (m)
d (m)
D (m)
4) 3-19
N D w PR ::: ~~.
| ﬂﬂl it
L= DN 2k x107 (H) (3-35) ' --'[ y .L[' A |
’#
D
k = 6.194(In— +0.92) (3-35a) 3-18
'
151 7 5cm, 1cm,
25
(3-35a) > W
D <5 >
k =6.194(In— +0.92) =6.194x (In 5+0.92)=15.667
w 3-19
(3-35)
L=DNZ2k x107 0.05x 25°x 15.667x 10 ' 48.96u H
)
|1 |2 g=ﬂ|12+|22 , N d
D( 3-20)

L=4N2 (I, +1,)In

30

IlIZ _

2
DN

1 In(l, + g)—1, In(l, + g) + 2g —%+ 0.447ND




—4N(l, +1,)(A+B) (3-36)

&
A d/D = — A
d h
A=In—+0.557 3-36a
D . O
N T D
I e
B =033(098-¢™"/**) (3-36h) H <
3-20

(1) KEHERLZEIRSE

3-21 | h
2 21h 7
L=N?D k —T(0.693+ C) x 10 '(H) (3-37)
N
D (m)
k D/I (3-32a)
h (m) 1 (m) 321
C I/h
L
C=032 1-¢ 42 (3-37a)

2 FEEEAZ B B Rk 3-22

L=ane(,+1,) 2 b g s g)- e in, +g)+ 29 Ligaa7 2%C
b+c I, +1, I, +1, Lt 2 |, +1,
x 10 '(H) (3-38)
N
|1 |2 m c p/
b ¢ (m) i pm—— <
g=qli +1; (m) )— |
2 | Lo | AN
E. PEN
3-22
1
D cm I(m) D
M =2l In%l—1+|2 x 10 '(H) (3-39)
) 3-23
|1 m |2(m),
_ I, +1 I, +1 .
M —I1In1|—12+lz In1|—22><10 (H) (3-40) PN <l |
D(m) 3-23
M =[(I, +1,+ D)In(l, +1, + D)+ DInD]x10~
~[(t, + D)In(1, + D)+ (1, + D)In(l, + D)]x10" H (3-41)
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3) ( 3-24)

l1(m)  Ix(m) D(m)
L+, +4/(l +1,) + D? L+ +4/( +1,) +D?
M=22l In 2 (1) +{,+1,)In 2= ( 2)2 x 107
D |2_|1+ (|2_|1) +D?
+,-1,) +D* = (1, +1,)’ +D* x107 H (3-42)
15 8 lcm 50cm  45cm
(3-42)
J 2 2 2 \ D A
= (I, +1,)° + D? = /(045+050)° +001° = 095m 2K Tl<>|| T2t
L, =y/(I, =1,)° + D? = /(050 - 045)° +001° = 0051m ‘
L, =1, +1, =095m 3-24
L, =1, -1, =005m
KR (3-42)
+ + -
M =2 2l xIn Ltb +L,In Ltb  Lobe o
L,+L, 2
= w045 098095 oo, 0.95+0.95 0.95-005 .
0.01 0.05+0.051 2
=16x 10 * H
| |
4) I 3-25 L TN
b @ //QP
M =4l In2 (3-43) 2/
a %
N A
(5) 3-26 3-25
— -7 \~\\b
M = &Jrr, x107 (H) (3-44) AN

r r (m) N
3 ol d : Ky)a \/
d

b
a?+(r,-r,)° d=4a’+(r,+r,)’

b b ™ 33 ¢
E=m+notp o (3-44a) 0.01°0.1 0.1~0.5 0.5-0.99
m 5769 | 3259 18.04
m n p 3-3 7 n_ 1796 153|526
(6) 1% 1 D P 4439 | 1354/ 346

|1+\/I12+D2 x\/|12+D2 In |2+\/|22+D2 x\/|22+D2

: 2 2 2 D +|2 2 2 2 D
I, +17+12+D I, +1Z2+12+D

32



x107 +8(\/If +12+D? - IZ+D? - I + D? + D) x107(H)  3-45
(3-45) |1=|2 | 3-45
O 3-27
M =(M15 + My + My + Mg = My, = My = My - MAG)X10_7 (H) (3-46)
M15=M3z7, M26=Mag, M17=M3s, M2g=Mgs,
M :2(M15 + My - My; - Mza) x107 (H) (3-47) 2
3-24 6
1 5 7
8 ( )( (3-28)) 8
21 21,(1:<ly), rn r n<n 4
3-27
ZN N 2,2 IZ
M=onz 20l g feh g g g0 T) (3-48)
g 89 I
9= rz2 + |12
(=Ll
r2 I2
l2 (1),
©) 3-29
Ni N> rh n a
M= N,N,M, (3-49) 2 R
»a 2I’|
Mg (3-44) 1 >
eyl | 9]
3.4.2
3-28
y g = —
¢ No iN =¢R; . R, - (3-24) Ny ||ed_bl in
:ﬁ:M_ ZLZNZGZ 3-50 3-29
i ¢R,IN R,
A.
3-30(a) Hr A
|
A
:g:ﬂ_NZM_NZG (3-51)
i IH/N I
15 9: 3-30 a d=2cm D=4cm h=1cm
40 100pH

33



|2 (DFd) _4+2

> =3m(cm)  0.03m(m)
A=DT_dh= 4-2 x1=1(cm?) 10 4m?
(3-51)
LI 100x107° x 0.03n
e =12 T 02 -4 -7 =47
N°Sp, 40° x10™ x4mx10
m po=4mx 10 '(H/m), cm

x 10 ® (H/cm)
B.

3-31(a)

3-31(b)
L=N? !
Rc + Ro’
= Ic -9d ~ Ic ,R(; = 9 RC<<R5
HA Mol A HoAs
L=N’G
Gs

10 E 2 o 3mm

25

2
5= =0.3062x 10°(H)
R, = 1o 1 3700 (Hh

R, =2R, +R, +R,
=(2x 2.045+3.91+3.3)x 10*(H™)=11.3x 10°(H™)

1
RC+R6
e 1

=25 —————x10° =0.185x10°(H)
3.27+0.113

L=N?

L= NZRL= N*G, =25°x0.3062x10°°

J

=0.191x 10 * H

1072

L= NZ'U%A=252 ><4x;7><10‘72'7x—:1)"%x

34

Mo=0.41

TNI R

(b)
3-30

(b)
3-31



> wnpe

=0.1336x 10°(H)

%%ll\\
)
10
1981
SummaHmiliconrooTa AB Top aoH ArGwtoa 1960 MOCKBA
1954
Unitrode Magnetics Design Handbook Magnetics Design for Switching Power Supplies

Lloyd H. Dixon
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FUE REE R

4.1
N o> voo
o * b é
L) nh yé4é
N A
> ¥ KX
(a) (b)
4-1 (@
(b)
4.2
421
H
( 4-2(b)
B ao
ab ab
B ba

36

B

4-1(a))

(4-1(b))

B-H

(42 e

4-2(c)

Oa

B

4-2(e)
4-2(a)

C



4-2
b
B
( 42 d )
B H
B=J+uoH
Mo— J—
)
4-2(e) B)
H B ( 4-2(e)
422
oS
H B
Br
H
B
H -H,
H
“He B=-Bk
“H=0,B= -B, B,
B Bs

HSHOH‘ HCH‘ HSHOHHCHHs,
0--Bs—-B-0-B;

B
C)

(0S)
Hc  H
0

b
)
(4-1)
I
( 4-2(e) A)
Bs 4‘3
B
H=0 Bz0
B
B=0
Hs
B, B, 43

(

4-3)
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1. (B FNFE RN 5B E B

4-3

(25 100 )
( , =100 ) B
2. FIKHERNIGRE B,
Br
3. BN H
B -H
H.
Hs B H
B, Hc
H 0
Hc
4.3
(P) (Pn)
(Pe) (Po)
P.=Pp+P+P,
43.1 Ph
( 4-4@) 4-4(b)
AC IC N u t) I(t)
(1-7)

38



4-4

T2 B dB HI, ., =&
[ uidt =) NA - S edt=V [ HB
B, B,
=V([, HB - ["HdB) =V x (A - A,) (4-2)
V=Acl,
Al 'Br Bm 'Br S Bm 'Br
Vx Ay
A2 Bm Br
Vx A,
Vx (A Ay) -B—S—B;
4.3.2 Pe
@ 45 a ¢
ug
d
u, = Nld—f
i = % (4_3)
N,  dt

39



iR 4-3

10p S 100V 5p S AB
4

Re (p )
- | f@ |
a (b)
4-5

S0V

A= n;uilf (m) 4-4 < ‘é 4%

p Q-m
;
i Hz 4-6
p 55x 10 ‘Q-m p ,=30000
(4-4)
-4
A= P _ : 55_>;10 : _022 (cm) (4-5)
i, f 4m* x107 x3x10*f  [f
10kHz

022 022 022

A= = = =0.022mm
\/T 4104 100
2A  2x 0.022= 0.05mm
p =20Q-m p, 1500
A= 5800 cm
Jr
100kHz A =18cm
1
n
4-6 1/n
R=p I/Ap A |
A/n 1/2
1/n n?/2
433 P.

40
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(50Hz)

4.4

441

Rs
V>
SG

U,

U,

k, = \/ENl/IRs

Bnm Ph
P, = BV

P, =rf “BAV

1-10

4-7
N: N A

k, =1/(444 AN, )

A B,
Pe
(4-6)
V—
200 300kHz

(4-6a)

EE42

1-7

Vi

V1 U Vi U,

(4-7)

(4-8)

41



B = 4-8
S/// //
D /| A/
<)
Hc/ / // /l+HC H SG
r i/ - '
// // . // /// (<1Q)
//’/ / 0.5% 1% V,
jf_:f/:’_f_/_f_/_f_ -Bs N, R
4-8
Us J2
U, U (4-8) V2 U Uy
4.4.2
(1) Hiik#hsk Bom B EE AN RIE
4-9
Rs
4-8 H
H(t) = Nl:(t) = '\I'l “th) Sku((Am) 49
k, =N, /IR,
Rs X
X Aldiv
RC
Y
R>>1/wC
i . du
. :M = duc U2m sinwt = RC < (4-10a)
R dt dt
U,,sinat = NZA(;—I? 4-10b
4-10a 4-10b
RC
B(t)=——U _(t) =k, U _(t
0= 2V-O=kU.0
k, =RC/N,A

Y  T/div
42



( )
Hh
B H
4-10
45 FEMESTRU
(1-3)
B
K=
L
u =t
Hy
B H
B _u
M, = ==
tH
45.1 U m
4-11 U r
45.2 Ui
1 /B
=~ " (H L0
4, n AH( )
M
f<10kHz B<0.25mT,T=25
45.3 L
_ 148
* W, AHI,

DIN [EC401

(4-11)

(4-12)

( 4-12),

4-10
H Ho
B A/J B
T \
Bi| /J_
wil” S Y
E,U =By H,
) 5
4-11 B u=f(H)
Mi
(4-13)
M i
Ha
4-14
(Hrev)
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45.4 H e

(ll T=1) g\ ///f;.“——_
M i>>1 ) ’
] ( 4-13(a)) Ac
I N | 1)
NI =H,d+H,I
Hs He >
4-12
9 =B.A =B;A;
BC:BB
N =By 4B Bl g, 49y Bl (4-15)
ol My Hold, . " Mk,
U 1
M, = r = (4-16)
(O 7A N
U e w>>ld o
p=110
h - | - > .
He+0 1/ oHolle
(a) (b)
4-13 (a) (b)
(4-15)
NE= 2,4 ,0)
0/
He=Bd/ Lot r
Hc, H’J:/erlﬁ
4-13(b)
4-13 b
(B
455 (1)
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Y, =——r (4-18)

4.6

46.1

(1) MEBEXER
B=£H H) B oy
(¢ BS) u

7

,Umax
(2) EXREBR/NRIFM S HFOIRFE BY5EH B2

() HEEX P EF

(4) BEEH SRR RE B

46.2
60000 0.6T~1.9T
( 4-14),
(4-4)
K = A, _NA 4-14
A A
Ae
Ac
n

45



1

A =k.A (4-19)
Ke ke 4-1
41
(mm) | 0.35~0.20 | 0.1~0.08 0.05 0.025 0.01
Ke 0.95~0.9 0.9~0.85 0.8~0.7 0.75~0.65 0.65~0.5
4'1 kc
0.01mm 05 0.6
100 200kHz
BENA
Bs
4-2 YB901-78
GB11255-89
DQ DG D Q 50Hz G 400Hz
4-2 (a)
B(T) P(W/kg)
(mm) He(A/m)
Boa Bos B, B4 Bio Bas P1/a00 P1 51400
DG1 | 0.05 0.60 0.90 1.20 | 1.35 1.55 1.70 10.0 21.0 0.36
DG2 | 0.05 0.80 1.00 1.30 | 1.42 1.60 1.75 8.5 19.0 0.34
DG3 | 0.05 0.85 1.10 1.40 | 1.50 1.66 1.82 7.5 16.0 0.32
DG4 | 0.05 0.90 1,20 1.50 | 1.57 1.70 1.84 7.0 15.0 0.32
DG1 82§ 0.60 0.90 1.20 | 1.35 1.55 1.70 10.0 22.0 0.36
0.08
DG2 0.10 0.80 1.00 1.30 | 1.42 1.60 1.75 8.5 19.0 0.32
0.08
DG3 0.10 0.90 1.10 1.40 | 1.50 1.66 1.82 7.5 17.0 0.28
0.08
DG4 0.10 1.00 1.20 1.50 | 1.57 1.70 1.84 7.0 16.0 0.26
DG1 | 0.20 0.60 0.90 1.20 | 1.35 1.55 1.70 12.0 27.0
DG2 | 0.20 0.80 1.00 1.30 | 1.42 1.60 1.75 11.0 25.0
DG3 | 0.20 0.90 1.10 1.40 | 1.50 1.66 1.82 10.0 23.0
DG4 | 0.20 1.00 1.20 1.50 | 1.57 1.70 1.84 9.0 21.0

46
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4-2(b)

B(T) P(W/kg)
(mm) g, By Bas Beo Puso | Pisso | Pioeo
DQ1 | 0.35 1.50 1.57 1.70 1.80 0.90 2.00 2.90
DQ2 | 0.35 1.56 1.62 1.75 1.83 0.80 1.80 2.60
DQ3 | 0.35 1.64 1.67 1.80 1.86 0.70 1.60 2.30
DQ4 | 0.35 1.66 1.72 1.84 1.89 0.60 1.40 2.00
DQ5 | 0.35 1.68 1.74 1.87 191 0.54 1.25 1.83
DQ6 | 0.35 1.71 1.77 1.89 1.93 0.50 1.15 1.66
BlO BZS P15/50
B H /m
25cm
= B/f B B +B
f P1/400 1T 400Hz
DG4 0.2mm Puso 9W/kg 1T 400Hz  1kg
oW B 0.4
0.4A/m
B,=2.03T (u =100) T=740 d=7.65g/cm’
0 =47x 10%Q'm A =5x 10°
CD EC 0
7
C o)
R 4-14 T
0
4-15 R
R
Br
2 RIS €
4-3
1J85 d=8.75g/cm’ T=400
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4-3

mm U U m H. (Oe) B (T) B,/Bs
0.02~0.04 | 2000 18000 0.40 15
1346 0.05-009 | 2300 22000 0.30 15
01-019 | 2800 25000 0.25 15
0.01 25000 0.30 15 0.90
151 0.02~0.04 35000 0.25 15 0.90
0.05~0.09 50000 0.20 15 0.90
0.10 60000 0.18 15 0.90
0.01 12000 70000 0.06 0.75
1379 0.02~0.04 15000 90000 0.05 0.75
0.05~0.09 18000 110000 0.035 0.75
0.1 20000 150000 0.025 0.75
0.01 10000 80000 0.050 0.60
1J86 0.02~0.04 | 30000 110000 0.030 0.60
0.05~0.09 | 40000 150000 0.018 0.60
0.1~0.19 | 50000 180000 0.015 0.60
3 EREEIMMAES
20 70
10° /
4-4 GB n 292-89
1k101 1k203
1k102 1k204
1k103 1k205
1k104 1k206
1k105 1k501
1k106 1k502
1k201 1k503
1k202 1k601
1k200
45
(W/kg)
H
By(T) A/fn o u. P1eo P00 Po.anok T( ) Tx( )
1k101 1.55 6.4 120000 | 0.2 17 30 390 485
1k102J 1.60 6.4 150000 | 0.16 2.0 30 420 490
1k103 1.40 4.0 250000 15 35 435 450
1k104 1.30 5.0 100000 25 318 528
1k105 1.32 6.4 1.8 312 550
1k105J 1.32 3.2 14 310 550
1k106 1.58 8.0 200000 15 20 405 515
d=7.3g/cm® p 1.3x10*Qm
4-4
Bs(0.5 0.8T)

48




By(1.4T~1.8T)

1/3~1/5
1.27)
1379
4-5~4-8
45
(W/kg)
H
B(T) A/En 0 ". Puso P 11400 Po.4n0k To( ) ()
1k101 1.55 6.4 120000 | 0.2 1.7 30 390 485
1k102J | 1.60 6.4 150000 | 0.16 2.0 30 420 490
1k103 1.40 4.0 250000 15 35 435 450
1k104 1.30 5.0 100000 25 318 528
1k105 1.32 6.4 18 312 550
1k105J 1.32 3.2 14 310 550
1k106 1.58 8.0 200000 15 20 405 515
d=7.3g/cm® p  1.3x10*Qm
46
(W/kg)
(He) Possi20 Po.s/ook Te( ) Tx( )
B(T) | Am b
1k201H 0.70 1.2 25 340 530
1k202J) 0.68 1.2 400000 35 320 510
1k203 0.80 1.2 20 320 530
1k204 0.60 1.6 200000 110 300 540
1k205 0.60 1.2 20 260 480
1k206 0.53 1.6 150000 320 520
d=7.9g/cm® p 15x 10*Qm
47
(W/kg)
(He) P10 Pusk Po 2120 T ) Tx( )
B(T) | Am b
1k501 0.75 1.2 400000 1.5 65 15 243 410
1k50H 0.75 1.6 3000 35 15 258 421
1k502 0.90 1.2 400000 20 300 500
1k503 0.80 0.56 520000 110 360
d=7.9g/cm® p 19x 10*Qm 0
10 20nm

(12T) P0.2/50k:15W/kg

B,(0.7

10°



Bs

20kHz kHz
(0] CD
4-8
B./B; (Wikg)
Bs | % H. M m | Pospok | Possok | Posmook
(M) (Am) | x10* To( ) | Tl )
60 1.3 30 <25 <15 < 50
1.35 85 0.8 60 < 40 < 35 < 120 845 788
7 1.6 <20 <10 < 40
55 15 20
1.25 85 1.0 50 <45 | <20 < 60 840 770
7 3.0 3
d=7.25g/cm® o 0.8x 10*Q
46.2.4
4-16
4-15
4-9
4-9
H M e * B;s B
(Ge) a M M
1J67h 0 3 2000 1.25 0.15
1J34h 0 10 1000 <15~20 15 0.1
1J34kh 0 20 500 <20 1.6 0.1
1J50h 0 100 100 <20 1.5 0.1
*G:M U
e
aemax
C
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4.6.3

4-15

15

4-17

B-H
4-18

- 4
/ mu)

4-17 1. $k#c
a)
b) 10 75

c)

d)

e)

2. Sendust TS ($kFE8R) Arnold MSS  Magnetics Inc.

a) 6 9 85

b)

c)

d) 26 60 75 90 125

3. SHIBEE — SRR
a) 50 50
b)

550

4-12

(Kool
MPP

Kool mu
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c)

d)
e) 14 200
4. Mpp-HHEEEE R
a) 2 81
b)
c)
d)
€)
f) 14 550
AT
EMC
4.6.4
1. 4B R FRER AR
MeFe,03 Me
(Co) (Cu) (Fe)  (Mg)
(MnZzn)
Philipps  MnzZn 3C85
4A11 Fe,O; 50%
(Nizn)
1MHz
2. HERKREASH
A. (Z(L/A),Ae, 16, Ve)

52

17
2 (Mn)
(NiZn)
Fe,03 71% MnO 20%
NiO 24% Zn0.
(1000 )
(To)
1MHz
(1)
10.3
45 )

(Zn)  (Ni)
NiZn

Zn0O

(MnZzn)
(Bs)



(Ae) (le) (Ve)
Rn=le/eAe
1 | |
Rm = = e (4-20)
U 2 A LA
2 -9 2
L= N7 _ 047x107° p N A H) 4-21)
RI'n Ie
51 1 N A, le V2 Usinw t
9 9
B, - U+/2x10 _ 2250 x10 (mT)
w A N f A N
Ae (mm?) U V) f win (Hz) N
H, = IN\/E(A/m)
Ie
| A
Amin
B (A
AL 1
1000 N
L=N?A, 4-22
A 1000 N
L=N?A_x10° (4-23)
A
(N%)
0.4mu, _ 0.4mu A,
= e = e H 4-24
. S Al I (nH) (4-24)
5 (4-16) (4-17)
—_— Ie
/'Ie - a—

A
A =, —(nH
L= Ho 5( )
4-24)
2 ARHERE
1 (02)

(4-25)

53



(MnZn) 10°Qm
(NiZn) 30Qm
0.1 20Qm Nizn 10 10°Qm 4-11 412
4-11 —3C80 4-12 —4C6
() 20 0 20 50 100 0 20 60 100
@Qm) | =10=7 =4 =2 =1 (Qmx 10% | =500 =100 =10 =1
4-13  4-14
4-13 — 4-14 —
(MHz) |01 1 10 100 (MHZ) | 0.1 1 10 100
@m | =2 =05 =01 =001 (Qm) | =10° =5x 10* =10* =10°
2
4-19 500|(mT)
400 e ]
H,=1200A/m jf/ﬂ_,ﬂ__
B, 300 A
4-19 100 [
25 0.42T 0.34T 200 //
100 [[]
Il
®) 2 4 6 10A/cm
(4-6a) pi mMW/cm*=kw/m? — 25 ——100
p, =P, /V =nf°B 4-26 419
50kHz (4-25) a 300\ f | B
1.5 1.7 2 2.7 Py (kHz)(mT),
B KW/ 100 |100
4-15 200 Q /. 500 | 50
~
N
4-20 N 100030
™ L
I~S~—1
4-20 100 100 /100025
I~ 4
4-20
80~100 0
020 406080100120 T( )
4-20 /
4-20 4-21
4-15 100
| ‘ mwW/cm?®, mT
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(kHz) 160 140 120 100 80 60
Ferroxcube 3C80 85 60 40 25 15
Ferroxcube 3C85 82 25 18 13 10
Ferroxcube 3F3 28 20 12 9 5
Magnetics R 20 12 7 5 3
Magnetics P 40 18 13 8 5
TDK H7C1 60 40 30 20 10
TDK H7C4 45 29 18 10
Siemens N27 50 24
Ferroxcube 3C8 270 190 130 80 47 22
Ferroxcube 3C85 80 65 40 30 18 9

50 | Ferroxcube 3F3 70 50 30 22 12 5
Magnetics R 75 55 28 20 11 5
Magnetics P 147 85 57 40 20 9
TDK H7C1 160 90 60 45 25 20
TDK H7C4 100 65 40 28 20
Siemens N27 144 96
Ferroxcube 3C8 850 600 400 250 140 65
Ferroxcube 3C85 260 160 100 80 48 30

100 | Ferroxcube 3F3 180 120 70 55 30 14
Magnetics R 250 150 85 70 35 16
Magnetics P 340 181 136 96 57 23
TDK H7C1 500 300 200 140 75 35
TDK H7C4 300 180 100 70 50
Siemens N27 480 200
Siemens N47 190
Ferroxcube 3C8 700 400 190
Ferroxcube 3C85 700 500 350 300 180 75
200 | Ferroxcube 3F3 600 360 250 180 85 40
Magnetics R 650 450 280 200 100 45
Magnetics P 850 567 340 227 136 68
TDK H7C1 1400 900 500 400 200 100
TDK H7C4 800 500 300 200 100 45
Siements N27 960 480
Siemens N47 480
Ferroxcube 3C85 1800 950 500
Ferroxcube 3F3 1800 1200 900 500 280
500 | Magnetics R 2200 1300 1100 700 400
Magnetics P 4500 3200 1800 1100 570
TDK H7F 100
TDK H7C4 2800 1800 1200 980 320
Ferroxcube 3C85 2000
Ferroxcube 3F3 3500 2500 1200
1000 | Magnetics R 5000 3000 1500
Magnetics P 6200
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Py [T LI LI
3 3 IM 200k (H2)
05T g1
F
: Hl o« i
/
/ /
107 / /
FHH
i
T
T
10° g
4.7 T T
4-21
100kHz
10kW e
ABES
[ J
B o
He H
[ J
[ ]
[ ]
[ J
. 3
Bs
200kHz
1IMHz
[ ]
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1996

Philips Magnetic Components 1996 (Mannul)
Magnetic Powder Cores-Powder Core Division The Arnold Engineering Company
Soft Ferrite Hand Book  Core Gain Developments LTD.

TDK Ferrite Cores  (Mannul)

Ferrites and Accessories ~ S+M Siemens Matsushita Components Data Book 1997

Amorphous Magnetic Parts  Toshiba 1997

Unitrode Magnetics Design Handbook
1998

Permanent Magnets and Their Application
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1999

1999
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—Buck
5.1 Buck
5-1(a) Buck
PWM
S
Uo L S
Ui Uo L (
5-1(b)) D
¢ @
D
A 1=(Ui- Ug)TonlL UoTolL

U, TonUilT=DU;
D

5-1(d)

5-2)
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U():DU|(D:Ton/T

U,=DU;

5-1 Buck
lo
( 5-1(d)
U
bo’ > t
ic
0 o 1
(
o
0 >t
) 5-2
(2-4)
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4 .
Wi
5-1(d) ot
1] //,’
I/ / '
5-3 '
a H
L=N2// ol eAdlle M e 5-3
AB
ng =LA (5-2)
NA,
Al
N
Ae
l. NA,
Al _4B _ 2k (5-4)
| B
10 k=0.1
u -uU_JT
. AUV, =01l, (5-5)
2 2L
D=To/T U, =DU; (5-1)
(U, -u,)T, 55U, -uU)u,T
= = (5-6)
021, ul,
( l+A 112 =(1+K)l,  1.1l,)
(1+k)B<Bs
k
Boost Boost/Buck
5-4



iN, =i,N 5-7 i1 >
1™V 2!N2 ( ) T . iy J___,_
N]_ NZ U| UO
i1 Ny N>
iy iy ) i
i2 U S
« ) .
(a)
5-4(b) >4
1. ’ ’ ’ 7
« ) A B/2
4-20 AB
50kHz
2 H
He
3. D/2
Bm
30% 40%
4 5-1
UiTof
L=
2Iomin
Ui-
Tof'
Iomin:A |/2
5.2
5-5(a) N1 D D, L C
N
'}
+ B ¢
AB
Ui
B
0 H
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N, Dy

Ui = NlAd_B
dt
AB = UiTon
AN,
Ton S)
N1
A m?
IZ = Io +U2 _UO on
2L
i = Nziz
2 N1
Lm ,
u,. . .
[ =L—mt=|1—|2 =1
Lmim/tf tf
N3
Ds
TR > UiTon ~ N3T0n
Es N1
Es— N3
+ Bsg 5-5(c)
5-5(c)
AB< B, - B,
Bs B
0.1T
0.05~0.1mm

D3

(5-8)
(5-9)
(5-10)
(5-11)
(Lin2l2)

D3

(5-12)
N3
55 b
100
0.2T
4-12(b)
0.02T AB

Dy

N

0.3T

0.2T

By
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IJ I
! 'e . r —_— €

1+£ Iie+5
Ie /'IF

L= NA =N AR

e

Ld- - NlZ /'le/'[(JAe - NlZ /'Ier I Ie — Ll Ie //'Ir ~ L1Ie
Ie Ie £ 4+ o+ Ie /lur o
1,
0
le
Ae
AL HMr
5-5(c)
25 TDK 100kHz 34
39%
@
B B, A B=By-B;
Br

)

Bm:Bs'Br

Br
A By

He Bs Br

€)
Bm 30% 40%
B 2Bn
5.3
Sl ( ) SZ Bm Bm
Bm Bm
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531

PWM
A.
5-6 (a) (b) =0 S1
S, N11= Np
N2
e, =—=U, 5-14
2 Nl i ( )
L
1, N?
= —+ Ut 5-15
oL, NAL (5-19)
Lm
|__
(t=Ton) S1
( )
S, D,
( 5-6(b)
B, Bm ( 5-6(c)
B, +B, = UiToy /2 5-16
AN,
g -B =l (5-17)
AN,
U
<1 1> [,
T/ ] Tt
. B B, - +
N, 2L o SNKC > t ,
U2 '%_/ // / B"
0 ¥ >t %&’/
>| < 2] s,
(b) (¢
5-6
T = T, 2B.AN, (5-18)
2 U,
A

/2

Br=Bnm
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B. SPWM
5-6
SPWM
SPWM
5-7 a
™) )
d—BziZU‘ (5-19)
dt N,A
+Bn
Bm 5-7(b)
¢ 57(b)
5-19 U;
C. SPWM
5-8(a)
Ss Sy S; SPWM
t< 0 S3 S1 S,
S; Dy
'Bm
S; Ss S1 D;
-Bm tt t 5-8(b) S, Sy

PWM

©)
57 B
B
Sy
SPWM
Sz
0 t; S S5
5-8(a)
U S S
(5-20)

5-8 B
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dB _ U,

s _ Y 5-21
dt N,A (5-21)
B t=t,
N
U, = N—jul (5-22)
T/2 S, Ss S, Ss T/4
S, D; T/4
N, SPWM ( 5-8(h)) T2
(5-21)  (5-19)
D.
5-9(a)
uh:Ui—uC:(l—D)Ui:Nl% (5-23)
U S, S,
—_ —_ — A{oof
U, =U_,=DU, =N, (5-24)
of
Ui Ub
S < Tl T -
Uy 3 J ¢
c up Uy -
Low 8 == -
N; By U
s e /ANEWANEES
D t
'Bn
@ (®)
59
5-23 (5-24) A @ on=D @ o
5.3.2 SPWM
5-8 AB SPWM LC
5-10

+Bn

S4
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U =Us, — U

(o]

L
/B, =ﬁ [ (U, ~v2U, sinat it (5-25)
N
A
UO
(5-25) 57 b 58 ¢
5-7( ) 58
Uag B 5-25
5-10(b) (c)
L C S5y
Ung z t L -t
. Uo “ N \ s/ \\\/\N\
(a) (b) (c)
5-10 SPWM
5-10
5.3.3
— 5-11 a
200V LC S,
S,( 5-11)
S S, S1 N1
N11=N32=Ny, N2;=N3,=N, No1
u, =Nzy =Neyy 5-26
Nl Nl
D, U21>U,, i Bm Bm D,
i im B H
im  +im
S: S, Uz
D1 Dq i
S1 ( INuim
I Ny =i, Ny, =i, Ny,
I —iy = ::Il_ziml (5-27)
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(5-27)

(5-28)

(5-29a)

(5-29b)

+ ! t
U, \ t
\/im/ ' ’\‘/I\ > t
S .
T = t
Noo ||
@ ~ L L
+ =l |
5-11 b
S, S 5-29
(5-29a) Di(Dy) i21(i22)  S2(S1)
D1(D2) +Bpy (-Bm) D, D
5-11(a)
DC DC
€)) + By 2Bn Bm<
Bs Bm
2
Bm
Bm BS
>100kHz
@3) SPWM
dB/dt
4-3
4)  DCIAC
( )
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Bs
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5.4.1
5-12(a) L S
50 5-12 ¢
Ui By 512 -B«~3)
—J'+BSMdB _ ZB NA
A
N
L
(t) +Bs (
512  3-4) L U
( 512 4~B=B)
+B;
_B B, - Bs
+B, By 512
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C B:
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Magnetic Parts
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Philips
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fr V= z&
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6.1

6-1(a)

|
B
H=I/m d 6-1
d
6-1
i
( 62 1 2 3 4 5 6)
L

N a

b ¢ca de f d a b
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R =pl (6-1)

L R L 630) A (=) LL A L B

(a) (b)
6-3 n (@)
(b)
Skin effect
0.368 1/e
A A A
A f w
A= 2_k (6-2)
wHy
Y%
y lp
k U o 4mx 10 H/m 20 p 0.01724
x 10°Q -m 1/234.5 1/ k=(1+(T-20)/234.5)
a 20
A= % (cm) (6-2a)
6-1
6-1 20
f(kHz) 1 3 5 7 10 13 15 18 20 23
A(mm) 2.089 | 1.206 | 0.9346 | 0.7899 | 0.6608 | 0.5796 | 0.5396 [0.4926 | 0.4673 | 0.4358
f(kHz) 25 30 35 40 45 50 60 70 80 100
A(mm) [0.4180 | 0.3815 | 0.3532 | 0.3304 | 0.3115 | 0.2955 | 0.2697 | 0.2497 | 0.2336 | 0.2089

20 100 0w 2.3% 10 °Q-cm
A= %5 (cm) (6-2b)
Rue
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(d / 24) (6-3)

Ry _ nd? /4 _
Re md*/4-m(d-2A)"/4 (d/2n)"-(d/208-1)°
6-2 (6-3)
Rac/ R 100 25kHz 0.48mm 1.5mm
6-3 Rec/Ree  1.149 200kHz 0.017mm, Roc/Roc 2.488
(6—3) /'?ac//?dc /'?ac
d’ d
a=0/\2 D nd
V2man 4
50kHz 100kHz
15 20A
37
Venkatramen
3 2 3 A’ (6-3) Roc/ R
70
6.2
1-3
ax b in g 6-4 a
113 ” 1_3
6-4 a A in g
A iA ¢7A B B iAB
Ig A iB
A B is B
w 6-4(b)
b>>w
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6-6 E 4 1
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IL(  10A)
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b
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11N
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6.3.3
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1/2 -
1/9
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6-11a

6-6
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N2 bl dl
le — /UOI 1 Clavs + :;vl + §v2 6-11
Iav ’
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L, = Folhla®s ¢y (6-11a)
I 3
2
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N |
6-6
c H
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E
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6.4

6.4.1
6-8 (p) (s)
A
6-6 b x=0
x=b-4 A 0
5 x>b+0
) Hy
x=2b+0 -A 2b+o
(1 22) (|2I’ ]
5 6-8 b
n n "
n-1 n
(n-1> )
512 6.8 3 200kHz
0.84mm 100
fi#: 1. 100
7.6 7.6
A=—— =~ ___=0017cm
Ji o J200x10°
2.
Q=d/4 =0.84/0.17= 5( )
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IR Dowel I

6-9 FRzRac/Rdc Q
A
d 0.83
0.83d+d /s ,d S Q
hia/F rR=Rac/Ryc
Q:% (6-12) 10° b
h=0.83d; 10
%
d 74
A /
4
F N|d/W 5 / pd
N, / N
W /
2
o1 10 / ~ 4
o — 7135
2 Q5 6-9 Q=5 [ 1 / A A
] 1/ / ’l3
3 Fr 31.67 / V)
L
2
110000
A F
R A F 1 / /// //1'5
" 1 17117 //// 4 1
Q | 1] 7
] 1]/ / pd
f //I///l/ a // 0.5
Fr 15 Fr 11177/ '
15 /a4
Fo 15 7]
1 Q 1.6 10 0.4 6-9 /
//%%%
1 4/4%‘: /
10t 10° 10*
Q
Q= A
Fe 6-9
6-10 @)
Q 4 6-9 Fr=13
() () 1 Q=4, 6-9 Fr=4
() 1/3 2/3 2/3 1/3
()
3 I, 20A D 05 90kHz 10 1=24mm.

1.=DI1,=0.5% 20=10A
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| /DI, =4/05x20=14A

s =412 =12 =4/0.5x 207 -10? =10 A

j=4AImm?
A, =1m =10 -5 5y
j 4
1.
10-2 d=1.8mm(A.=2.545mm?), d’=1.92mm 10
10x 1.92=19.2mm<24mm 2mm
90kHz 100
A= 6_ 76 =0.0253cm  0.253mm
Jf  AJoox10°
Fi=d/d’=1.8/1.92
o- 0.83xd,/F _ 0.83x1.82x+1.8/1.92 _ .
A 0.253 '
6-9 Q 57 1 Fr= 5.7=Ra/Ryc
2.
d<2A =2x 0.253=0.506mm 10-2
d=0.45mm, d’=0.51mm Agun=0.159mm?
N =i:£:15.7 n=16
A, 159
16 4x 4 4x 10=40 40x 0.51 20.4mm<24mm
o- 083xd\F _ 0.83x045x+045/051 _, o
A 0.253 '
69 Q 1.39 4 Fr= 7
4 Q 1.39 Fr= 2.3
3.
0.18x 100 10x 10 Q 057 6-9 Fr= 1.9
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D=0.5T/0.5T=T,/T D
D U,=U,’)D Uy’= Ui/n
uT, =22 7-1
fS fS
f5:1/T
Uimin
U 50
100
1
DIim
UI DIim
Dmax< DI|m
Diim
DIim
Uimax
BS( Bs'Br)

31 AB 0.08T 3 AB-=0.24T<Bs

f”

0.45

45

93
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1
3 ®LGR~F
1
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2
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0.4
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l,, =158l (7-7)
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U =NA 22 (7-9)
Ton
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Ton S
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1 max * e 1 max " e
1
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9P
AP =A = 0
eAW meax
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0.4
(7-11)
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(7-9)
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Uimin = Nl—e: N1M=5leAeBmax
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7-12
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1
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P =7 Uizmi“ 1 .D=08x0.8x0.5U, x1.121 =0.358U, | (7-19)
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. 02j
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U, =2N,A —28  —10iN,AB (7-22)
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(7-21),(7-22) (7-19)
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i1

1
Ui 100 190V
5V,50A 250W
fs 200kHz
2.5W;
40
2 DIim: Uimin Dmax UiD
Diim 0.47
Dimax ~ 0.42 5
uD: UiminDmax =42V
Uimax DIim 89.3V
3 IR
U,” 5.0+0.4=5.4V
4
=tz Y 42 o4
N, U,/ 54
8:1 7:1 152 m3W/cm3 — ——
5 200kHz 250W 10 3C90. 200}<Hz 190 HT
Philips /’ 7 50kHz
3C90 7-8 / /
100mW/cm? /
0.068T (7-6) ES:
P= 250 4/3:1.4cm"' [T 1LY / /
0.014 x 0.068 x 200 x 10° / 7 // 7
10-15 / //
/
ETD34(AP=1.83cm*) 7-9 //
AP 36 70 104 260—300—— T
7-8 T=100
6
cm
A.=0.97cm?; V,=7.64cm® 1,=7.9cm
Ayl Ay’=1.89/1.23cm?
by /byw’=2.36/1.5cm
hy /hy’=0.775/0.6cm
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11 2x 0.11=13.2mm
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lim

2.1W

Pciim=1W,Pwiin=1.1W
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2
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0B =016=~ = 014(T)
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5
14 Uimin Dumax 11 6-22

A

=0.017cm \

l,e =50A D,, =50 0405=2025A
_ oy = 3
Lo = L/ D(1- D) = 245A .
lge = lpe / N=2025/75=27A
I =1,/ N=245/75=327A -10
1.35A,  1.65A.

15:
Asi=l141j=1.65/4=0.39mm? 1.3cm 15 ,
0.86mm 0.75mm, 0.442 6-12

H =0866d+/d / d' =0866 x 0.75x 4/0.75/ 086 = 0.607mm

_H 00607 _

%8007 *

6-9 1 Fr=R../Rpc=3.5 100 0.07mm
0.85mm,100 0.61mQ /cm.

36

Re =Q/cm I, N, =000061 61 15=00558Q

12,R,, =135% x 00558 = 0IW 0.2W

100 10x 10 1 15
10 150 Q 1/10 Q=036 R,/Rg 1.2
Rae Rgex 1.2=0.067Q R.c 12=0.067x 1.65°=0.18W
0.36W 0.2W 0.56W

16
2 1.3cm , 0.13cm
A
Rac/Rac Ric  Rac
0.1cm.
Q H/A =0.13/0.017=7.6 69 Q 76 1
Fr=R./R¢:=7.5
Rec=p X x Ng/(bw’h)=2.3x 10%x 6.1x 2/(1.3x 0.13)=166p Q
Py=166p Q x 20.252=0.068W
P,=7.5x 166x 10°x 24.5%=0.75W
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8.1
8-1
Buck Boost
Buck-Boost
EMI
8-2
7
8.1.1 Buck
Buck 8-1(a)
( 8-2(b)
uT UrT _ _
L> o 'of __o0 of :UID(l D) (8-1)
AL 2K, 2Kl
Ui V)
D To/T
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lo A
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Al k L
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L k 0.05~0.1

l, 10A Al 1, 20 2A
Ui 0.58A( (6-24) Al / /12)
0.333A 100 IR Rao/Rac 300
6-9 300
DG3 0.05mm
40kHz Kool p 100kHz
( 8-2(a)
UT. UT D(1-
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A 1=21, (8-1) (8-2)
8-2

8.1.2 Boost Boost/Buck
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> UiTon - Ui D (8'3)
Al 2Kkfl,
li=lo/n (1-D) Boost Boost/Buck
n
8-2
Boost
L<UiT0n :UiTon :U|D(1_D) 8-4
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Boost APFC(Active
Power Factor Correction)
Boost Ui
APFC Boost
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T2l |,
R
(@
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b @
D: Ry Ds R»
(c) R
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8.1.3
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D
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_UT, _UD _UD(I-D) N,

> 1 "on = 8_5
FTOAI 2kl 2kfl, N, (8-5)
k=A |1/|1=A |2/|2
PR P
N;i Ny
2
I_l S (Uimianax) ,7 8-6
2P f
Uimin Vv
Dmax
P, W
f Hz
n 80%
8.1.4
85 3
1 n
Uy = (Ui _US)%_Ud D (8-7) Y; 35 23 & Ls -’.I Uos
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U
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N
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1
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ESR
8-6 L
le 1
Ls ESR
Ls,” ESR2’
2 50V
ESR1
L52’< le
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8-7
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8.2
8.3
8.3.1
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ESR

10 30

( (8-11))
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1
1
C
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7
e
8-8
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G
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E EE EC
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1/20
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Boost

1
2
3
EMI
89 b
8.3.3
B+A B
AB
Br Hc
Hc Br
B
B=B -—tH=B -//H
HC
Hd I Hr
Ie Ae
Hl, =HI, +HJ, = 2, Bl _ Bl
MMy HoH HoHe
11T
He = +—
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He~ U ale/Im
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50kHz

Kool
B-H “on
PQ
EC ETD LP EE
EMI
8.3.5
(7-6)
Brmax
L, 1.
AP=AA = —2 1 cm! (8-12a)
Bmax Kl
AB
4
ap=pA = A 10 Acm“ (8-12b)
a4, K,
L H
lsp A
Bmax T
AT A
A Bax T
I
K, K,=J_k, x10™ (8-13)
Jmax A
Kiw /
10 8-1
Kiw Ki K,
0.7 0.03 0.021
Kpuy Kpuy 0.65 0.027 0.019
Aw Buck/Boost 03 0.013 0.009
Kw Kiw 0.2 0.0085  0.006
Ki Ky K 8-1
(8-12a) Ki
420A/cm®
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(8-12b)
297Alcm?(420x 0.707)

8-12
1/3

4/3

8-12b A Brax

A B 10° T

AB/[/HX
8-1 a Buck

A, | 0

N|p = Hc| + H56

o/4B

N,
oB

l,=—2°
TN,
(8-16)

§:£=2k
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p

4l =

k=A 1721,
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k=0.05 0.1
100mW/cm®
AB/ 2k =B, <B;
Boost Buck/Boost

(8-17)

Koolp

8.4

K>=0.707x Kj

100mwW/cm®
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(8-2b)
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(8-15)
LZNZU 0Ae/6
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250kHz

(8-18)
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8.4.1
M+ 3000 100000

J7N
2
L=:N2Q,=£@%;éEX1O”(H) (8-19a)
cm As- (cm?)
8.4.2
U - 10 300
(3-51)
2
L=aN2G= a”oﬂflﬁxm2 (H) (8-19b)
cm a U
8.4.3 AL
,L/ r Ae
mH/1000  nH/ AL
AL Y H/1000 N
L=N’A. x 10 ©  (u H) (8-20)
(8-20)
U e
8.5
8.5.1
1) L I
ISp,
Buck Ui Boost Ui Buck
)
3)
|Sp Bmax BS(
0.3T 3000Gs ) B H
(8-18)
/B, .=2kB, (8-21)
A Brax 2 4-20)"
100mw/cm® A Brax
100mW/cm3 s A Bmax
|Sp Bmax
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(3-50)

4-12

Al
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100kHz
4

Q)

(6) N

E=N ﬁ: NAe@
At At
Ai
E=L—
At
L pHA cm?
N P
ABmaXA%

N N

L Al
AB

(8-22)

(7 5

(3-23)  3-23b

J=,L10N2%><104

o
0= NZi 1+— x10°
Hy L D

cp

(L pH, cm)

He :L—nglo_A
HN"A,
(L pH, cm)

(8)

8-12a,8-12b
10.3.7 (6-16) (6-18) Ry
A Brmax
® ©
(8-22)
N
N N 8-22 AB
N (8-19) (8-20)
o Ae
(8-23a)
(8-23b)
kd' = Ag/ Ae. (8'23) 5
3
AL
(8-24)
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pu=17241+ T2 L1040 om)
234.5

100

Pu = 2.30x10°° (Q - Cm)
( cm)

_ Al
R, =52 (Q) (8-25)
A,

cm

cm?

8.5.2 Buck

f5i1
5V 50A
1)
(7.5:1)
13.35~25.33V
5V
lob, 50A

f 200kHz

0.405( Uimin)
0.213( Uirmax )
Al 50Ax 20%=10A
lpmax  65A
L 220 H L=U,TofA 1=5.4x 5x 10 °x 0.787/10=2.2p H
2.5W
40

? 3C90(

¥ Bmax 0.3T 3000

Bmax

ABmax = Bmax % = 03E = 0046T
' 65

pmax

0.023T 230 78

230
4mw/cm® 100mwW/cm?®

200kHz

Ipmax

118



Bmax=0.046T.

(4) Philips
Bmax 0.3T K;=0.03 8-12a
AP = Ly 1g _ 2.2x107° x65x50 — 0. 74cm*
B, K 0.3x0.03
ETD34 AA=1.21cm’( )
:34mm ETD34 7-9
A. 0.97cm?
Ve 7.64cm’
le 7.9cm
D¢, 1.08cm
Ay 1.23cm?
bw 1.50cm
hy 0.60cm
lv, 6.10cm
®) Rr
AT
Piim=4 T/R1:=40/19=2.1W
2.5W 2.1W AmW/em®(
Pc=mW/cm®x Ve=4x 7.64=30mW
2W
(6) 8-22
N == 1072
ABmaX
(L upH, cm)
= 2210 i52-403.5
0.046 x 0.97
() 8-23b
2
5= N 1+-2 x10°
L cp
(L pH, cm)
2
0 =4mrx107" x5 0.97 1+i x10* =0.192cm
2.2 1.08
(8) 4 bw=2.1cm,
5 5 2.0cm 0.05mm
450A/cm?, 50A 0.111cm?
0.0555¢cm 5 0.005cm 0.3cm
0.1cm 0.525cm
6.1cm 30.5cm
Ry = pl =2.3x107° x 305 =0.35mQ
A 0.2

19 /W

3)

hw=0.6cm 6

0.2cm?
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Pg=50°x 0.00035 0.89W

6.4.1 200kHz 0.017cm
0.1cm, Q=0.1/0.017=5.9 Dowell 6.9 Q=6 5  Ra/Rac 100 Rac=0.035
Q

6.24b Al A 1=10A,

(6.240) yAiv:

| =1y =2.9A
V12
P_=1?R=2.9 0.035=0.29W
Pw=0.89+0.29=1.18W
9) 30mwW 1.21W 2.1W
250A/cm? ETD34 65
ETD
8.5.3
1. G EFMME L
( )
8-10  8-11
D
p=i D po MY (8-26)
U, 1-D U, +nU,
Uy’
U U
D 0.5 n
0.5 n
2. ZEHBERSHNITE
8-10 6.5.2 (
)
8-10
| +1_
I, :D("—Z'“'")lea (8-27)
Iminzlp'A I;
D=To/T
8‘27 Imin:O
(6-22)
1=/D(12+ (a1} /12) (8-28)
6-22a
| =/DIZ=1/D (8-28a)
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8-28

D
|:‘/§|; =0.5771, VD

(8-28b)
. (6-22b)
=12 =12 (8-29)
3. EETIEHER
8-10
Ui Ui
Ui
Ui
4. FELEAER B BUEITEE
512
(1)
Ui 28+ 4V
U, 5V
lo 10A (g L
fe-mm- I————Idc
f 100kHz | e
|
D 28V 05 -~
< Ton_)
Al 5A( )32V < T >
A Tt
lsp 25A( ) N -
L 6.8y H(D=05, A I=5A) |
2.0W ol i
40
- T,~> o
T —>
) 8-10
(8.26) U; =28V 05
_U D _ 28 05
U, 1-D 5+06 1-05
Ui Ui D
nu’ .
h= e o S(5%08) 5o
U, +nU, 24+55+06)
1- D,, = 0462
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®3)

Philips 3C90 100 0.32T
4
Bmax 0.3T(3000 ) B
Bmax B H A Bmax 32V
m_ =B =032 =006T
l, 25
2 0.03T 300 3C90 300
100kHz 2.6mw/cm® 100mw/cm®
Is, 25A Bmax A I=5A A Bpax 0.06T
®) (8-12)
Bmax=0.3T, K;=0.085
Li, 1, " 68x10°x25x10 )
AP = — = =058cm
B, K, 0.3x 0.0085
EE- ETD34.
A. 0.97cm?
Ve 7.64cm’
le 7.9cm
D. 1.08cm
Av 1.23cm?
by 1.50cm
hy 0.60cm
lay 6.10cm
(6) Rr Rr 19 /W
AT
Pim=A T( )/Rr=40/19=2.1W
2W 2W
Pc=px Ve=2.6x 7.64=20mW
@) (8-22) (L pH; cm)
N, = LAl 102 =_B8X5 102584 .6
AB, A, 006 x 097
N, =N, xn=6x5=30
®) (8-23b) L uH; cm)
5= uN? v 2y x10°
L D,
=4/7rx107" x5° ﬂ(1+i) x10* = 0.08cm
.8 1.08
©)]
(5) by=2.10cm hw=0.60cm

0.3cm.
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2.1 2x 0.3=1.5cm

-Uo=24V,1-D,4,=0.462 ( 8-28a 8-28b 8-29 )
1,=10A
|
I, b 10 _5i65A
1-D, 0462

. =12 =12 =1077A

6 6 1.5cm 0.015cm 0.015x 1.5=0.0225cm*
650A/cm? 6
0.005cm 0.12cm 6.1cm 36.6cm
R, = pl =23x—88 _( 00370
A 0.0225
100kHz A  0.024cm 0.015cm  Q=0.015/0.024=0.625 6-9
Dowell  Q=0.625 6 Ra/Rec 1.6
R, = R, x16=00037Q x 16 = 0.0059Q
-Uj=24V D=0.538 8-28  8-28a (8-28b) (8-29

lia  12a/N=21.65/5=4.33A
lac D 11,=0.538% 4.33=2.33A

I, D I2 =318A
liac /15 = 5 =216A

m

lisp  25/n=5A
3 0.127cm 3 10 10 3
3% 0.127=0.381cm
150 0.0081cm 0.081mm 0.046Q /cm
150 100 0.00031Q /cm 30 30x 6.1cm=138cm

R4=0.00031x 183=0.0567Q
150 12 12 12 150
30 3 12
0.081mm S 120 10 12 0.081mm
0.0125cm
6.4.1

O.83d\/§ = 0.83x0.008 00081 _ 0.054cm
S 0.0125

6-9
Q=0.0054cm/A =0.0054/0.024=0.225
36 Rac/Rac=1.6,
Rac= Racx 1.6=0.0567x 1.6 0.090Q
(10)
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Pogc=l"Rgc=10°x 0.0037=0.37W

Pac=l2ac’Rac=10.77x 0.0059=0.68W

P,=0.37+0.68=1.05W

Q
Ryc=0.0567Q
P1gc=l1ac’Rac=2°% 0.0567=0.225W
Rac=0.09Q
P1ac=l1ac’Rac=2.16°% 0.09=0.42W
P,=0.025+0.42=0.645W
Py=1.05+0.645=1.695W
20mwW 1.71W 2W
0.02cm 0.12+0.381+0.02=0.521cm 0.6cm
6.8y H 170p H(L1=n’Ly).
5u H 50pF
7-4
Rac/Rdc 1 0.35W
1.71W  1.36W
5. B TiEER
8-2
ton tR tO( 8'11(b))
Ip ton tR tO t() ( 8-11(8.))
L1372
Po=1oUo f L U Lly,?/2 Ui
l1p
15 1 2
3:
1)
U; 28+ 4V
U, 5V
I, 10A
s 12A
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f 100kHz C ) /e
D 24V, 0.5 I ,
Ly 45A( )
L, 0.62u H(D=0.5,A 1=45A)
2.0W
AT 40
@)
Ui(24V) U,” 5.6V 05
8-11
U D 24 05 408 4
U, 1-D 5.6 1-05
n 4:1 5:1
(@ 4:1
(b)
©
0.5
D, = U,n _ 56x4 - 0.483
U, +U, n 24+56x4
1- D,, = 0517
Ich = IZp - D24
2
2 = 2l 192 _454n
1-D,, 0.517
11.6A  46.4A/n
46.4A
L=u, 2=y T (1__D24)=5.610 0517 _ 062411 H
A A 46.4
Ui
@) P
() Brmax=0.3T(3000Gs)
Al lp, A B
B, A Bmax  Brmax
P 100mW/cm?® 100kHz
1100Gs 2 2200Gs,
0.22T Brax A Brax Brnax 0.22T Bmax 0.22T
A 1=15,=46.4A
(5) EE ETD
(8-12) A Bmax 0.22T K,=0.006 0.31cm* ETD24
AP=0.37cm’( )
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A:=0.56cm’

Ve=3.48cm®

=6.19cm
D=0.85cm

Aw/Aw’=1.02/0.86cm?

bw/bw’=2.07/1.72cm

hw/hyw’=0.50/0.38cm
lv=4.63cm

(6) Ry 28 /W

AT
Pim=A T/R1=40/28=1.42W
2W 1.42W

Pc=p'x V,=100mWx 3.48=350mW p  3C90

(7
) hx 07 :Mxm-z =235 2
AB_ . A, 0.22 056
N,=N,xn=2x4=8
N, 2.35 2
4B, =0. 22% =0.258T
2 0.13T(1300Gs)
160mw/cm? V,=3.48 560mW
N, 3
8
0= ,uONZﬁ(1+ i) x10*
L D,
J= 4/7><22%(1+ )><10“-0050m
(L pH; cm)
©)
(5) b,=1.72cm h,=0.38cm 0.3cm

1.72cm-2x 0.3cm=1.12cm

Ui=24V 1 Dyx=0.517
1,=12A
l25p=46.4A

Izz\/l D24I2 \/m4642 19.2A

|23C= IZ - |02 :15A
450A/cm?, 19.2A/450=0.043cm? 2.36mm
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1.12cm, 0.038cm 2 2 2 0.005¢cm

0.081cm
4.6cm 9.2cm
R, = pl - 2.3x10° —22_ = 0.000490
A 0.043
100kHz A 0.024cm 0.38cm,Q=0.038/0.024=1.6,
Dowell Q=16 2 Rac/Rac= 2.5
R,, = R, x25=000049 x 25=122mQ
8-12 1
Q=16 1 Ra/Rge= 1.5
R,, = R, x15=000049 x 15= 0.74mQ
Ui=24V  D,,=0.483
l, =1,, / n=464/4=116A
e = 1y, % _ 116 ><20.483 _28A
=1, x \/Ezllﬁ x ‘/0' 83 _ 465
3 3
I, =+12-12=371A
450A/cm? 4.65/450=0.01cm® d=0.93mm 0.009cm
1.12cm 8 8 0.005cm 8 x
(0.009+0.005)=0.112cm 4.6cm 36.8cm
R, = pl -23x10° > —g5ma
A 0.01
100kHz A=0.24 8
0.009mm Q=0.009/0.24 0.375 6-9 Rao/Rac =1.2
R, =R, x12=85%x12=10.2 mQ
4  Q=0.375 6-9
Rao/Rec =1.0
Rac Rge 0.0085Q
(10)
Ree 0.49mQ
Poac=12%x 0.00049=0.07W
Rac=0.74mQ

Poac=lsac>X Rae=152x 0.00074=0.17W

P,=0.07+0.17=0.24W
R¢=8.5mQ
Piac=lig’* Rige=2.8°x 0.0085=0.067W
(Rac=0.0085Q ) :
Poac=liac’ ¥ Riac=3.71%x 0.0085=0.12W

P,=0.07+0.12=0.19W
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128

Pw=0.23+0.19=0.42W.

Pr=Py+Pc=0.42+0.56=0.98W

1.42W
A T=Ryx Pr=28x 0.98=27
0.02cm 0.04+0.081+0.112=0.233cm
008y H 812 50pF
6-11

Unitrode Magnetics Design Handbook Magnetics Design for Switching Power Supplies
Swiching Power Supply Design  Abraham I. Pressman Second Edition McGraw-Hill 1998
1998

Philips Magnetic Components 1996 (Mannul)

0.38cm

Lloyd H. Dixon



ENE FREETH

9.1
100
9.1.1
1. BEXREE
N,
9-1
Ih
i,N, —i,N, = HI
H
|
i1 i
Py
N
l,'=—2]
2 Nl 2
h=F+F
b
k=0,
k=F

e, = 1,(R+R,) =444 BAN,

APFC

N1

(9-1)

9-2

LEM
LEM

9-1

(9-2)

(9-3)

(9-4)

9-5
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RCU_ Q
f— Hz
B— T
A— m?
B—R
6= arctani (9-6)
R'=(R+Rey) N7 / N7 —
A
L= N12/Jo:ua|_ (9-7)
M a L2 = NZZ Ll / le
@ = arctan (R*+R,)
2
(
—Il_llcosg:zl—cose
Il
cos@ , 6 ,
2 4 6 2
cosd :1_0_+9__9_ :1_9_
21 4 ¢ 2
9-9
92
=1-cosf =—
4 2
(9-8),(9-9)
L2 uz
L,
2. RRBEMERSIZEIT
f(w)

U,

R:U2/|2:U2N2/|1N1
g~ Jo
a)IlNlNZAL
AL:HoHaA”—

Lo=piop N2 A= NZ AL

Ni=1,

I, 0 Iy
(b)
9-2 (@) (b)
R=N7(R, +R)/N;  (9-6)
(9-8)
)
(9-9)
9-%9a
R I,
Iy
RCLH
(9-10)
(9-9a)
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N,A =—2-= 2 (9-10a)
? w8 wl 2y
4 o
N, 500
50Hz 0.35mm 400Hz 0.1mm
10kHz H
H Ha
Hi Hi ta
N, (9-10a) AL AL
A =t 2 (9-11)
le— (m)
Ac— (m?)
Ny,
r=J2N2 _U.N, (9-12)
I,N, |
y=1% 6 8 014 )
3. itit
1) (Im)
|2N2 Nlll
AB
(2 (9-10) U,
9-3 9-3(a) U,
y
o]
P
N PlA U, 7\¢l | I P Uo Uo,=I,R=11N;R /N,
@ (b) 9-3(a)
9-3
9-3(b) R
R;>>R, Ry R ,Uo=-UsR,/R
1V U2 ’
( 9-4)
3) (9-10)
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R, | R
|1 2 Uo
Nf
9-4
U,
9.1.2
9-5(a)) ( 9-5(b))
1. RIE
( 9-6)
(Ton)
Br
9-7
9-5(b) R L,
Tor>4L/R.
e2T0n ::VDBTr

er—
Ton_

Vpg—
T—

iy =iy =1,N,
im_
i, =i, /N,

R
u, =i,R=i,R/ N,
i1

2. HiRBKihME IR

9-15 B/
(9-15) )

(4)

Ilz(R + Rcu)
2

2

P=1U,cosd= (9-13)

()
9-12

(9-14)

| s
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e, = NZA\EW (9'16)
( 97)
e,T,, =N,AAB (9-17)
Hn im Nl = Hle
Im — eZIeTDn (9'18) ilA
luAIUONZNlAe
CTor < Tor >
N1:1 ! -
e,T 0 ! ' Pt
j = 2o (9-18a) ! | ’
N,A, & , . -
]
l(m)  A(m?) 0 ‘ | "t
|
i
Ha iz ,'_|:
A— 0 ' i Tt
: | |
im [} : 1
(9-15) ! [
0 t
9-7
y=tn o Gl (9-19)
Il IlNZAL
i e,T
N,A = dn=Zw (9-19)
Ly W
4
B
1 N2<B
e,T,
A =2 (9-20)
N,
5 1: BEiRbkihE R ITE
9-5(a) 22A 50kHz 0.36
v 1=0.2%
50kHz 3C85 Ton=0.36%
10°%/50=7.2yS, e,=U+Up=1+0.7=1.7V 2V
(9.19)

e, T, 2x72x107°
by 22x2x107°

N, A, = 322uH
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N,A =322uH A
AL 3C85
TN19/15 10-11 A.=61.2mm? A =3.5uH D=19.5mm d=9.8mm h=15.5mm
|, =60mm
N, =322/35=92
N,=100
I, =i,/ N,=22/100=022A

R=u,/1,=1/022=4545Q
4.7Q/0.5W.

10-2 0.33mm 0.39mm 0.232
A,=0.0855mm? I/ A, =1.54A/mm?

)

Ac=N,x 0.0855=8.55mm?

Awv— ( )

R, =1, *N,xr=0.06x100x0.232=1.392Q <1.4Q

cu

e,=u,+U,, +1,R, =1+0.7+0.22x1.392 = 2.0067 V

. eT, _20067x7.2x10°

i ——=0.0413A
N,A ~ 100x3.5x10

_ 6T, _2.0067x7.2x10°

/B —
N,A  100x61.2x10

=0.00236T = 23.6Gs

Hi
Ha Ha<i

P:(R+ Rcu)I2 :(47+1224)X01322 = 01w

2rms
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5 2 PLA5IBR 2h B R 2R i i 24

9-5(b) 33kHz 0.3

16A
=10 0.05(5%)

Lnin=10 N2=5<Lnin
Uge

u, =3x08+1=34V
T,,=D/f=9us

e, T, 34x9x107° _

A =— = =
yi;N, 005x16x5

7.651 H

AL
f=33kHz LP3 4

R18x 10x 8 A.=32mm?
AL 2.16pH

L, =NZA =5°(216 x 4) = 216p H

A = Yz Ton _ 34 %03 30x10°°
N,A 5x32x4x107°

=0.048T = 480Gs

_u, T, _ 34x9x107°
" N,A 4x216x5x10°

=0.708A

3.2A 1.75A

j=5A/mm?
0.35mm? 33kHz 0.41mm

0.67mm

5 0.2m Re=0.2x 0.05=0.01Q 3.2
x 0.01=0.032Vv u, 1

B(e) B(e)

9.2 Mo A

Ho
9.2.1
o j—I(NI)
9-8(a) >

@ ©)
9-8

9-8(h)

“ In “ I Iu
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Mo
9.2.2
54.1
ty
99 a Uol
Uy \4
Don=Ton/T
f=UT (Hz)
IO A
1.
(to)
v :@: Ng, = 2NB.A (W) (9-21)
B, T
A m’
2.
9-21
I N
_ 9-22
AT ik, &:22)
lo
N
D
Ky 0.4
j 5
7A/mm?
gl 2
>—2 (Wb- mm
P (Wb);
Ay

@

(4-2)

1U02
(ton)
-B, +Bs Y
M Dyy Ls
| gt o
7? N3 sz Dz N D3 -|- QZ
—
Ny gN Uo1 Uref
. PWM 415:!! .
Uref
(a)
bt ts (b)
—)I | |« Ton
'ei_ T—%l

(9-23)

, 10-21  10-22



u,T,l

AP=AAZ 24/2B, jk,k,
Uss Y,
B, T
kC
Ton=D/f S
3,
N
N=¥ - Yaly (9-24)
¢. BAk,
N
4.
lo J
d=2 \/l_Zonj (mm) (9-25)
Av @
a) (
)
b)
c)
9-9 5V/20A 15V/5A
Ujp=51V, Den  0.4— 15V
f=150kHz 1,=5A
1)
9-21
=2Pu - SIX04 4 56,10 vs=136 1 Wb
f 150x10
2)
j=6A/mm?, 9-23
oA @ s (1861075 ) oo 10 Wb mm? =283 1 Whmn?
K,] 0.4x6
TOSHIBA 10-21 MS14x 8 4.5W
3)
MS14x 8x 4.5W .
¢, =11.14p Wb
9-24
W 136x10°

(4)
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5
d=2 °o_=2 =1.3mm
\/nj«/D \//TXG\/OA

MS14x 8x 4.5W

10x 13=130

_ 0.13x10x13

: =0.84
77(d -1.6)

9-10

100x 0.13mm
1.6mm 13 1 150kHz
76 76
A=—=————-=0.02cm=0.2mm
JE 4150 x10°
lii=rrd=1 x 8=25mm>13x 1.6=20.8mm, 10
Q= 0.83x0.13%x+/0.84 — 0.49
0.2
6-9 FRz 1
9.2.3
1. RUIEHNHIFEER
1
D d h
i
,o)\
e[
\
0 I >t
\// |||T v
A
di/dt
(@)
9-10
b @ 1
Mo
lo (@

B,

“ ”n

—
—
\

(b)

® "

@

() “np

“ I“”

di/dt

“ ”n
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() “ v
@ Vv
| REAVA
2
¢C :ZBS'% ZﬂUrtrr Wb
@ Wb
U, Vv
trr S

9-26

2 MEFEHHI2S

@A, 2U x| xt_ ><1.5(Wb mmz)

@ Wb
Ay (mm?)
U, V)
ter (s)
(9-27)
d >1.5,/1,
N
N 2 UC x 3 x trr
@,
151 4
D=0.3
9-26
-9
g 2Ut =% =1.4x10° =14 Wb
10 24 AB3x 2x 6BW @ .
51 5

2A

Uo=12V,

1.8y Wb>1.4py Wb

U,=24V

@ “ v

“ Vn

9-26

9-26

(9-28)

(9-29)

t,=35nS

t,=60nS

0.3
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o

9-27
24%2x60%x107°%x1.5
0.3

g.A, 22U xI xt x15=

=1.44x10*(Wb mm?)
14.44 Wb- mm?
1054  SA7x 6x 45

9-28
d = 05x+/2 >0.7mm

0.7mm

(©) N
SA7x 6% 45 9. =1.8.2x10"°Wh, (9-29)
S U, x3xt, _ 24x3x 60x107°
g 0.3x1.82x107°
8 SA7x 6% 4.5, 0.7mm 8

N 279

Amorphous Magnetic Parts ~ Toshiba 1997
Swiching Power Supply Design  Abraham I. Pressman Second Edition McGraw-Hill 1998
Philips Magnetic Components 1996 (Mannul)

1991
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E£+E EatisEa

10.1
CGS
Si CGS
10-1
F 10-1 EBREPAIFIFNEEHR
- - (MKS) (CGS) |MKS_-CGS
10?
10°
t 1
0 /2 /I 10
F ( 1Y ( I 10°
( ) 10’
P ( /) / 10’
Y
L Q)
R
/2 10*
H /o /) () 4mx 1073(4mx 107
F 4mx 107
7 - ) () 10°
L 1
o / 10"/4m
U / 107/4n
R / / 4mx 10°
G I Q) I - ) 10%4n
IWb=10°Mx ()
1Gs=10"*T=10"*Wb- m?=10®Wb/cm? ( )
1Max=108Gsx cm?.
1A/m=107A/cm = 0.477x1072Oe
1A/cm=0.41t Oe
:Wb/mZZVs:QS:H/m( /)
Alm A m
U, =41 x107 H/m = 0.477x10° H/ecm
= % = 1\/_13 =0 s=H( =)
1A 1A
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10.2

10.2.1

QZ-2 QA2 QY-2 OQHN QA-2 0.3lmm QZ-2

130  QY-2 220 QQ-2 10-2
10-3 10-4 QA-2
6 10 370+10
10-2 QQ-2
mm mm mm® | Q/m(20° C) mm mm mm® | Q/m(20 C)
0.06 0.09 0.00288 | 6.18 0.63 0.70 0.312 0.056
0.07 0.10 0.0038 4.54 0.67 0.75 0.353 0.0496
0.08 0.11 0.005 3.48 0.69 0.77 0.374 0.047
0.09 0.12 0.0064 2.75 0.71 0.79 0.396 0.0441
0.10 0.13 0.0079 2.23 0.75 0.84 0.442 0.0396
0.11 0.14 0.0095 1.84 0.77 0.86 0.466 0.0377
0.12 0.15 0.0113 1.55 0.80 0.89 0.503 0.0348
0.13 0.16 0.0133 1.32 0.83 0.92 0.541 0.0324
0.14 0.17 0.0154 1.14 0.85 0.94 0.5675 0.0308
0.15 0.19 0.0177 0.988 0.90 0.99 0.636 0.0275
0.16 0.20 0.0201 0.876 0.93 1.02 0.679 0.0258
0.17 0.21 0.0227 0.77 0.95 1.04 0.709 0.0247
0.18 0.22 0.0256 0.686 1.00 1.11 0.785 0.0223
0.19 0.23 0.0284 0.616 1.06 1.17 0.882 0.0198
0.20 0.24 0.0315 0.557 112 1.23 0.985 0.0178
0.21 0.25 0.0347 0.506 1.18 1.29 1.094 0.016
0.23 0.28 0.0415 0.423 1.25 1.36 1.227 0.0145
0.25 0.30 0.0492 0.356 1.30 141 1.327 0.0132
0.27 0.32 0.0573 0.306 1.35 1.46 1431 0.0123
0.28 0.33 0.0616 0.284 1.40 151 1.539 0.0114
0.29 0.34 0.066 0.265 1.45 1.56 1.651 0.0106
0.31 0.36 0.0755 0.232 1.50 1.61 1.767 0.00989
0.33 0.39 0.0855 0.205 1.56 1.67 1911 0.00918
0.35 0.41 0.0965 0.182 1.60 1.72 2.01 0.0087
0.38 0.44 0.114 0.155 1.70 1.82 2.27 0.0077
0.40 0.46 0.1257 0.133 1.80 1.92 2.545 0.00687
0.42 0.48 0.138 0.127 1.90 2.02 2.835 0.00617
0.45 0.51 0.159 0.11 2.00 2.12 3.14 0.00557
0.47 0.53 0.1735 0.101 2.12 2.24 3.53 0.00495
0.50 0.56 0.1963 0.089 2.24 2.36 3.94 0.00444
0.53 0.60 0.221 0.0793 2.36 2.48 4.37 0.004
0.56 0.63 0.2463 0.071 2.50 2.62 491 0.00356
0.60 0.67 0.283 0.0618
— 1 2
Ay, = d
d
1000 R=p, 120%?)
u
0w 1.724x 10°Q cm 20
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10.2.2

T-20

P=Po Lt oars
10-3
Q 0.05 250 JB658-75 A
Qz 0.06 2.50 GB1193-74 B
QA 0.06 0.31 JB2079-77 E
QQ 0.06 2.50 GB1313-77 E
QY 0.06 2.50 JB2080-77 C
QHN 0.1 050 Q/Y X8004-64 E
QAN 0.1 050 - E
Qzy 0.06 250 - F
SQZ 0.06 250 JB661-75 A
SBEC 0.53 6.00 GB1342-77 B
SBECB GB1342-77 B
QZSBC 0.53 250 GB1342-77 B
ASEBR  [0.07,0.1,0.15,0.2mm? |[— Y
AF—250 (0.07,0.1,0.15,0.2mm? | JB1141-70 c
TR 0.3,0.5,1.0,1.5,2.0mm? | JB647-77 —
TRJ—2 [0.1,0.15,0.2,0.3,0.5mm?| Q/JBD97-66 —
QGV _
JBF 0.06—1.5mm? JB1138—76 —
10-4
(mm) \2)
Q7-2,QQ-2,0A-2,QY-2 QHN
0.06 0.90 600 —
0.10 0.14 900 700
0.15 0.23 1200 800
0.25 0.31 1500 1200
0.33 0.50 1800 1200
053 0.71 2400 —
0.75 0.95 3000 —
1.00 1.50 3600 —
1.60 2.50 4200 —
10-5
4 5A/mm?
AWG
D :Elo—Awe/locm

X

s

D, =D, +0028,/D, cm
A, =nD?/4 cm?




r.=p/ A, Q/m

1 - 7.85x 10

1 -5.07x 10 %cm?=5.07x 10*mm?

500 IA - 3.944A/mm?

1 1000

10-5
AGW Q/m Q/m A
mm mm? mm mm? 20 100 j=4.5A/mm?

10 2.59 5.2620 2.73 5.8572 0.0033 0.0044 23.679
11 2.31 4.1729 2.44 4,7638 0.0041 0.0055 18.778
12 2.05 3.3092 2.18 3.7309 0.0052 0.0070 14.892
13 1.83 2.6243 1.95 2.9793 0.0066 0.0088 11.809
14 1.63 2.0811 1.74 2.3800 0.0083 0.0111 9.365
15 1.45 1.6504 1.56 1.9021 0.0104 0.0140 7.427
16 1.29 1.3088 1.39 1.5207 0.0132 0.0176 5.890
17 1.15 1.0379 1.24 1.2164 0.0166 0.0222 4671
18 1.02 0.8231 1.11 0.9735 0.0209 0.0280 3.704
19 0.91 0.6527 1.00 0.7794 0.0264 0.0353 2.937
20 0.81 0.5176 0.89 0.6244 0.0333 0.0445 2.329
21 0.72 0.4105 0.80 0.5004 0.0420 0.0561 1.847
22 0.64 0.3255 0.71 0.4013 0.0530 0.0708 1.465
23 0.57 0.2582 0.64 0.3221 0.0668 0.0892 1.162
24 0.51 0.2047 0.57 0.2586 0.0842 0.1125 0.921
25 0.45 0.1624 0.51 0.2078 0.1062 0.1419 0.731
26 0.40 0.1287 0.46 0.1671 0.1339 0.1789 0.579
27 0.36 0.1021 0.41 0.1344 0.1689 0.2256 0.459
28 0.32 0.0810 0.37 0.1083 0.2129 0.2845 0.364
29 0.29 0.0624 0.33 0.0872 0.2685 0.3587 0.289
30 0.25 0.0509 0.30 0.0704 0.3385 0.4523 0.229
31 0.23 0.0404 0.27 0.0568 0.4269 0.5704 0.182
32 0.20 0.0320 0.24 0.0459 0.5384 0.7192 0.144
33 0.18 0.0254 0.22 0.0371 0.6789 0.9070 0.114
34 0.16 0.0201 0.20 0.0300 0.8560 1.1437 0.091
35 0.14 0.0160 0.18 0.0243 1.0795 1.4422 0.072
36 0.13 0.0127 0.16 0.0197 1.3612 1.8186 0.057
37 0.11 0.0100 0.14 0.0160 1.7165 2.2932 0.045
38 0.10 0.0080 0.13 0.0130 2.1644 2.8917 0.036
39 0.09 0.0063 0.12 0.0106 2.7293 3.6464 0.028
40 0.08 0.0050 0.10 0.0086 3.4427 45981 0.023
41 0.07 0.0040 0.09 0.0070 4.3399 5.7982 0.018

10.2.3 GB 2059-89

M  T2Y 0.05 0.08 0.1 0.15 0.20 0.25 0.30
mm
10-6
10-6 (GB2059-89)
mm
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3C81 3C90 3C91

3F3 3F4 3F35

mm
£ 200 200 300
>0.09~0.20 + 0.015 + 0.010 +0.020 +0.015
>0.20~0.35 + 0.020 + 0.015 +0.025 +0.020
>0.35~0.45 + 0.025 + 0.020 + 0.030 +0.025
>0.45~0.70 + 0.030 + 0.025 +0.035 + 0.030
>0.70~1.10 + 0.040 + 0.030 + 0.050 + 0.040
>1.10~1.50 + 0.045 + 0.035 + 0.055 +0.045
>1.50~2.00 + 0.060 + 0.050 + 0.080 + 0.060
10.3
10.3.1
10° 10%p Q- cm Hz
Hi '
PHILIPS <100kHz
3C94  3C96 <400kHz 3C90 3C94 3C96 200kHz 1MHz
1~3MHz 3F4  4F1 >3MHz 4F1 <500kHz 2P... 3C30
3C90 3F3 3F35
10-7
10.3.2
E ETD EC RM PQ EFD El EFD LP
FERROXCUBE-PHILIPS E
EP EQ ER IIC Integrated inductance component
PCB
10-1 E
10-2 ETD
10-9 EC
10-3 P
10-10
10-4
10-11
10-5 RM 10-6 EDF

3C90;<1MHz

Inc

10-8
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10-7

M
x 10®H/m [G/Oe tgd 4/ % t9d H/u % o uilg
f,(MHz) |1/0.4m f,(MHz) [1/0.41 (20 55 ) [x 0.16m *x 10°
R20 25 20 |4 250 75 1000 0 30
R60 75 60 |2 80 25 850 0 35
RK1 125 100 |15 70 15 200 05
RK4 500 400 | 0.05 10 1.5 60 0 5
R1K 1250 1000 0.5 35 0 3 0.05(10kHz)
R6K 7500 6000 | 0.002 0 2
R10K | 12500 {10000 | 0.002 +1
D.Fx Hc Bs Te p d
1/(;.4n (5 40 Am | Oe | wb/m? | Gs uQ- cm | glem®
R20 1200 15 0.22 2200 350 10" 4.0
R60 320 4 0.32 3200 300 10t 4.2
RK1 20 240 3 0.30 3000 250 10" 43
RK4 80 1 0.32 3200 180 10° 45
R1K 10 0.2 0.31 3100 150 10° 48
R6K 2 8 0.1 0.34 3400 100 10° 48
R10K 05 4 005 | 034 3400 85 10° 4.9

S
<D >

Jd !
¥ ¥
< > l< f>
< e > <«— g —>
«— 5 ——> < a E—
10-1 EE 10-2 ETD

— w& -
< d —
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