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Eneray Conversion in_Magnetic Circuit

Thanan Siriaree

Yodsak Sombatareepanich
Rawe Ratanapinyowong
Ittide; Rujiwasin

Pichit Lumyong  Advisor

1984

ABSTRACT

This thesis I1s concerning with studying of the energy conversion In magnetic
circuit between electrical energy In form of magnetic field density ( B} in magnetic
circuit This thesis will take about testing circuit energy metering method , Summary
to find out how each parameter effect to the conversion example core area , gap
length , coil round etc and to study how many energy that tranfer through magnetic
crrcuit In maximum and most effective in applicaton in many device example switch

power supply that is very popular widely nowaday.
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Terms and definitions

+1. initial permeabiiity, ul

1 Permeability
This is the limit value of B/H where H is Indefinitely close to zero (Ha~O)
at the virgin magnetization curve of a ferromagnetic substance, and Is
derived by the following equation:
pu’*'L !o‘inoa
Wheto . parmeability in vacuum
M: AC magnetic field strength
J B: AC magnetic flux density
{Note) The essential permeability of a core material is measured using & ?
toroidal core wound with a coil, and is represented by the following |
- equation: |
, R
Where  L: self-inductance of core including coil (mH)
1 B ) L, sell-inductance of coil (mH) . f
' N: number of tums -‘
| Ae: average cross-sectional area of toroidal core (mm”)
Qe: average magnetic path length of toroidal core {mm)
1.2. Effective permeability, xe
This is usually defined as the permeability of a core forming a closed
circuit where leakage fux is nogligibly small.
__L Qe 4o
H= G010 Al -10
Where  L: self-inductance of core with coil (mH)
N: number of tumns
%g = C, = core factor (mm™")
13. Apparent sffective permeabillty, ¢
This is generally a ratio of two inductances in a closed circuit:
llouv"‘[L;
Where L. self-inductance of coil including core
Lo: self-inductance of coil not including core ,«!
4 2. Magnetization curves 2.1, Saturation magnetic flux density, Bs
4 When the strength of 8 DC magnetic field H is Intensified around &
completely demagnetized magnetic core, the magnetic flux density B
increases from the initial point *0° 5% IR
as shown in the figure on the right. - H
\ This is called an initial magnetiza- s !
' tion curve. The magnetic flux den- L !
sity eventually reaches its upper :
limit, called the saturation E
magnetic flux density Bs, where 1
the value of B is defined as B k0 N
when H = 10 Oe. , —




3. Loss

—

b

2.2. Residual magnetic flux density, Br
This is the amount of residual magn
after the DC magnetic field is weaken
of H =0.

2.3. Coercivity,He
This is the strength of the mag
becomes zero under the intensification,
DC magnetic field.

etic flux density retained by the core
ed and finally removed to the leve

neiic field whereby the residual flux density,
in the opposite direction, of the

3-1, Loss factor tané

The core loss factors of three different types of losses: hysteresis loss,|
eddy-current loss and residual loss.

tand =tandh+tande +tandv

=h [L+ert+n
JGrerten B
The loss coefficient tand can be also represented by the ratio of resis-

tance to reactance as follows:

Rm_._Reff-Bw
tans =-_" ==

Where tandh: hysteresis loss coefficient
tande: eddy-current loss coefficient
tandr; residual loss coeﬁeciont'\
L: self inductance of core with coil (mH)

o b

v: core volume (m’}
i cument (A)
h hysteresis loss coefficient
e,: eddy-current loss coefficient
t,: residual loss coefficient
f. frequency H2)
Rm: resistance of magnetic core ({1}
Reff: resistance of core and coil {Q)

T TS U VU

Aw: resistance of coil ()
w: angular velocity {radian/sec.)
{Note) h, is expressed as follows:
h|=z§-c' L -%:i?! x10?
Where R,=resistance for current i
R, =resistance: for current i
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‘_l'ferms and definitions
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4. Temperature characleristics

3.2. Relative loss factor land/um
This is the amount of loss pef unit permeability and is expressed as

follows:
tand/u (for magnetic materials)
tand/ue (where gaps ate added to the magnetic circuit)
3-3. Relative_hysteresis loss coetficient, h,, (h-one-zero)
This is the value of h, when =1000 and is used for comparing different

materials. It is expressed as:
= .. [1000V% x
hio=h ( P )
(Note) The relationship between h,s an
ho=50.1 7,X10°

3-4. Quality factor, Q
This is the reciprocal of the loss coefficent and is given by:
Q=ita= wl,
tané~ Rm
{Note) The Q for the coil with the core is expressed as follows: (1

d n is represented as follows:

Qe =Hef

4-1. Temperature coefficient, au
This is the fractional ditlerence of permeability per 1'Cin

range of from T, to Ty,
e, 1
A3 ;‘- T:-T

Where p,: permeability at temperature Ty
! permeability at temperature T,

4-2. Relative temperature coefficient, aur
This is the temperature coefticient per unit permeability and is represent-

ed by: i '
am=%f5

a temperature

Thus, the temperature coefficient of an actual core is obtained as follows:

ap=aul X e ,i
4.3. Curie point, Te ’ )
As shown by the typical tempera-
ture characteristic of permeability in
the figure on the right, the Curie
point T¢ is defined as the tempera-
ture at which the magnetic core
changes from the ferromagnetic to
the paramagnetic sale. it is the
temperature obtained at the inter-
section point of the horizontal fine of
x=1 and the line passing through
the points 0.8umax.and 0.2umax.
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5. Disaccommodation factor, DF

.

6. Elecirlcal resistivity, p (Q-m)

7. Density, d (kg/m°).

8. Power loss

This is the factor representing the variation of permeability through ti -
after a complete demagnetization of the core at & constant temperat :

DF=E‘;—'.}‘§-;,1; {t2>t)
Where g, initial permeability t, minutes after complete demagneti
tion
et initial permeability t, minutes after complete demagnetizs
tion
{Note) Generally, t, to t; is set at 10 to 100 minutes.

This is the electrical resistance per unit length and cross-sectional
of a magnetic core. -

This is the weight per unit volume of a magnetic core as expressed bef

=W
a=y

Where W: weight of magnetic body (kg)
V: volume of magnetic body (m’)

Power loss denotes the loss by an elactrical transformer, such as'd
switching fegulator, under a magnetization condition featuring a hiai
frequency and a large amplitude. Operating magnetic flux density, B,
generally expressed as follows:
B=1a3 (ENAexw' (mT) X
Where B: magnatic flux density (mT)
E: coil terminal voitage (V)

f: frequency (kHz) .
N: number of coil tums A
Ae: offective cross-sectional area (mm”) :

(LIPS
v




Property Symbol Condition Unit 6H10 8H20 7H10
Initial permeability prisc 25001 20% 2300120% | 1500120%
Bs 23°C 510 510 480
.{ | Saturation magnetic flux density {800A/m) ‘w;c mT 390 oo fme e 190 -t 380
N fAesidual magnetic flux density Br 23°C mT 110 130 150
] Coercivity He 23°C A/m 13 13 30
1 (Rolative loss factor tan 8/pisc 100kHz x10° <8 <5 <5
5 60°C ) 80 =
- 25KkHz 80°C w/m’ 80 65 -
3 100*C 110 55 —
, 200mT 60°C 500 500 -
'; 100kHz 80°C wW/m’ 500 420 -
{1 Core loss \ 100°C 600 400 —
: \ . 60°C — — 100
? 500kH2 80°C W/m® - = %0
] t 100°C ot - 100
G 50mT 60°C - - 400
1MHz 80°C KW/ m? - - 400 %
100°C —_ -— 600
Yemperature coefficient aur 20~-80°C x10™ - 8 8 8
Curie temperature Te — °Cc > 200 > 200 > 200
Resistivity ' p — Q-m 3 3 5
Density d L kg/m® X 10 4.8 4.8 4.8
Note: 1) The values were obtained with toroidal cores {FR25/15/5).
2) The values were obtained at 23:+Z°C unless otherwise specified.
3 lnitipl permeability was measured at 10kHz, 0.8A/m.
. ..., —6H20
pi vs. Temperature pa vs. Flux density ----sn10
7000 7000 i
6000} |- oo 100°C
L~
%o o2 /’/ 23Rt
000 £H20 e sl A AT
3 A sS4 Nk
3000H—A N aocol A 100°ch R
/’ EH10
&
2000H5 2000 §
1000 1000
0| 0
0 B0 100 150 - 200 250 0 100 200 300 400 -
Temperature (°C) Flux density (mT) highni
B-H curves 6H20 B-H curves 7H10 .
600
— 23°C 500 23°C
60°C 60°C
‘—‘ o "A,_——-—‘
ré‘ I — 100°C e 400 i g 100°C
3 300 E 3004
L o
2 200}
1 — 100 olﬂ
0 0 400 B00 0
9) . HA/m) | H@A/m)
AN .
- . Rl ——a
pr—————
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Material characteristic CUIVES (Power material ;
- 3
Core loss vs. Frequency e 3
Core loss vs. Temperature 200 3
FREQ.~100{hHz] =
LEVEL=200{mT] E:
1200 3
150 3
1000 2
< £ :
800 S 1
§ E \ 7H10} E
= N 6H10 = ™ 7 E
. @ &0 ‘\ 4 \‘/ ’
5 6H20 °
) N 5
3 S w
i 0 -
[ - o -
D ¢ ® T‘° © “:C 00 120 ——w & w0 12
’ emeprature (*C) Temperature {C)
TEMP.~80(C]
Core loss vs. Frequency TEW_-,:;?, Core loss vs. Frequency \evet-somtl
w0 0t
00
300 | Y
10 V1501 omF (= ==
T Zaritiae e E \ i
! § 7 - S 6H20
V 1 4 =
z AL ] 2 | 7H10
2 7 7 8 ——
® g ’
S 3
10' 5 = 10! :
10 10 B
) 10° (G 100 0 F o
Frequency (kHz) Frequency (kH2)
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4 = 4 t
2 ] 2 [
10 = = 10 =
7 == 7 s
4 N 4
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q 10 < 0
= 7 e E o 1 = =
4 4
1
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10 10' N N 23°C
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1 10 7 4 1w 2 e 70 10 4 710 ) \
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Standard ial ch isti
ahaar material ¢ aracte riStiCS (Linear material)
Property Symbol Unit 3HO1 3H10 3H20 3H21
101 . . ; 800 1200 2200 2400
Initia! Qormeabmty d piac $20% +20% $20% $20%
RN ARl <20 <15 <25 <35
Rolative loss factor tand * %10 {0.5MHz) {0.1MHz) {0.1MHz) {0.1MH2)
T H <40 <4
R {1MH2) {0.5MHz)
T’ 4 “ -30to0 20°C Oto2 032 041018 04t02
T etont . | | 201055°C asr x10° Ot02 02101 04101.2 04102
- 20 t0 70°C Oto2 02t 1 041012 Q4t02
| . Gauss 3900 4650 4200 4100
Seturation magnetic flux density  ° Bs mT 390 465 420 410
' Gauss 1700 1500 800 1100
Residual magnetic flux density Br T 170 150 80 110
: Oe 0.7 05 0.15 0.3
. P |
Coercivity He - A/m 56 40 12 24
; . x10° <1.8 <04 <04 <06
Hysteresis material constant [ “-r {(10kHz) {100KHz) {10kH2) {10kHz)
Disaccommodation factor DF x10* <20 <4 <2 <3
Curie temperature Te ‘C > 250 > 200 > 160 >160
Resistivity p -m 5 5 5 4
Density d kg/m’ X 10° 4.6 4.7 4.8 4.8
Note: 1) The values were obtained with toroidal cores (FR25/15/5).
2} The values were obtained st 233 7C unless otherwise specified.
3) Initial permeability was measured st 10kHz, 0.8A/m.
0 10~ +
3HO1
N
/
10 10"
1911 it 2z 11
o . 2 T A L ]
g 321 € X /
8 A
3H10 // 3410
- Il W e
3HO13
I
] 90 w0’
w0 107 ) 10 10°? 10? " 1 10
Frequency (MH2) -~ Frequency (MHz2)
' 7 v— ——
5 R .
| ¢




Standard material characteristics (inear material

1,

Property Symbol Unit 703 | 2HO4 | 2H06 | 2HO7 | 2H10 | 2H16 | 2H18
" o : 2500 | 4000 | 5500 | 7500 | 10000 | 15000 | 18000
Initial permeability piac 5o | z20% | t20% | +25% | 30% | 30% | 230%
. tan & - <4 <10 | <30 <B <70 | <16 <90
Retative loss factor “ X10° | 1) oouHzt | (100KHz) | (100KHz) | (10KHz) | (1OKHa) | (10kH2) | (10kHz)
T ~30 10 20°C 01020 | 01020 | 01020 | 01015 [ Ot016 | Ow 1B
ot svturals 201065°C apr x10°* : 05115 | 051015
2010 70°C 01020 | 01020 | 01020 | 05016
Gauss 2700 | 4200 | 4200 | 4100 | 4000 | 4000 | 4000
Saturation magnetic {lux density 8s mT a0 | 420 | 420 | 410 | 400 400 | 400
Gauss 1000 800 800 600 600 600 800
Residual magnetic flux density Br mT 100 80 80 60 60 60 80
L Oe 0.16 0.10 0.10 005 | 0025 | 002 0.02
Coercivity fe A/m 12.8 8 8 4 2 16 1.6
} - ot X10° 208 | <08 | <06 | <10 | <20 | <20
Hysteresis material constant o “mi (1OKHz) | (10kHz) | (10kHz) | (10kHz) | (10KHzZ) | (10kHz)
Disaccommodation factor DF x10~° =30 | <30 | <30 | <20 | <10 | <10
Curie temperature Tc *C >200 | >140 | >140 | >130 | <120 <120 <120
’ Resistivity 3 Q-m 1 1 0.2 0.1 0.01 0.01 0.01
T | Density d kg/m’ X 10°| 48 48 4.8 4.9 4,9 4.9 5.0
Nots: 1) The values were obtained with toroidal cores (FR25/15/5).
2} The values were obtained at 2332°C unless otherwise specified.
3) Initial permeability was measured at 10kHz, 0.8A/m.
10} 10° 2415
e J.mc
2H18 ‘ ‘y b [
N = g
, H15 A / / 2Hb3
’ 10 S2H10 10
2HO?
2HO6 -
8 Hi N ¢ 7
[ SHO4 ©
Y 5 'I
2HO3 -
4
14
10° 107
10 10
10 10" 1 10 10 10 10° 1 10
_Frequency (MHz) Frequency (MHz)

=~
.
>

o, g i oaehig v e

|

3 o
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. (Linear material)

Viaterial characteristics curves

3HO1 3H10
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//’ T
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gd 2000
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[
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19,

piac vs. temperature

3H20, 3H21
4000
3000
//
.g —-"
2000
//
1000
0
~0 0 40 80 120 160 200
Temperature {"C)
2HO06
8000
y.
1
6000
¥ A
8 o /)
A
2000
0

—40 0 40 80 120 160 200
Temperature ('C}
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Material characteristicS CUrVes (tinear material) B vs. H>
- 3
3HO1 3H10 3H20, 3H21 -
500 t 00 2'306 500 Z
- -~ 23¢C A 80°¢| 23°¢| 7
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T | 100C 4 | A 100°C| .=
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100 - 100 100 I
] - ] oix
0 200 800 1200 1600 P 200 800 1200 1600 o w0 900 1200 1600
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— T 1
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Material characteristics

Material

tand
. l " Relalive loss tactef =T
Temperature {actor
~30~20°C =
20~55°C [
20~70°C
1 /——'—'—__—__
Saturation flux density Bs
! o — Pl
! Residual flux density Br
L ol
He

i Disaccomodation factor

Resistivity

Density

Note - 1) The velues wer
2) The values wer

Initial permeability
/,____—

Coerclve force -
/______

Hysteresis material constant

Curie temperature

Symbol

piac

ng
]

OF

]

Te

L

4

PR B,

1182 QATIEARE "

uu? nRDIARINY ¥

. a40-1152-80

3N indalng dvan
et Jat gt O e

+ oblained with foroidal cores (FRZ /154 /5).

o obtained at 232 *C unless othe

) initial permeabliity were measured st 10 kKHZ, 0.8 A/mM.

rwise specilied.

| FERRITE_MATERIALS -

.

\w3ia 918

PO ﬂ‘!\ﬂ\!‘l 10600

uind. 4a0-1108

R — .
unit [ HS6Z H55Z | HS4Z HS3Z HS2A | HE2B H522]~H51A H512Z
____._______________________________.-____-_____-_,_——
n 17 50 130 250 800 1200 1200 1200
+20% | £20% +20% +20% +20% +20% +20% +20% +15%
__:_———_————__———_———__———__—-——_—’__———___——___——-
<20 <160 < 60 <X <®| <2 < 5| <3 <15
X10% 40MHz | 40MH2 5 MMz | | MHz 1 MHz | 0.5MHz 0. 1MHz | 0. IMHZ 0. IMHz
<20 <220 <& <120 ce| <4 <2l < 8 < 4
100MHz | 100MHZ 10MHz | 10OMHZ § MHz| } MHzZ 0.5MHz | 0.SMHZ 0. 5MHz
____—____-—__,'—___—-—____—____—-__’___——-,_'____._—-___——
- ,“
3~10 1.5~7 0.3~2|
X107 | 02
5 4~20| 3~10 05 1.5~71 0.2~2 0.2~
___J‘-v-__’—,___—— ___———-___..——___——__——____——
Gauss 2000 2100 2500 2900 3300 3900 3800 4650 4650
AV ADTER TR | La 21 o ——
mT 200 210 250 290 330 390 380 465 465
RN SRS - _,_—____-___._-______-_,.__—
Gauss 1100 1200 1300 1600 2200 1700 1600 1500 1500
- PEEREA BN SRS SR . o — e
mT 110 120y _ 10 160 220 170 160 150 150
___,_—____._.___.______,.-__,_-___,_-____—_,_— I—
Qe 12 10 8.0 3.0 2.0 0.7 0.5 0.5 0.5
_____.____,_________’_,__________________’._ IO
A/m 960 800 640 40 160 56 40 40 40
____._‘___._________’_-—__,-_____________ o —
x10°* <18 <0.5 <0.6 <0.4
mT 10kHz | 10kHZ 100kHz | 100kHZ
- 71 | bt
%107 < 50 < 50 < 0| <N <] <2 <1e < 6 < 4
__,________._—_________—-____—____—,,__———___—
°C >450 >450 >a00|  >3%0 S>30 >0 >0 >200 >0]| ¢
L ___._._____—_-__—_._._,__——,__—_.,_._—-_____——___——
Q-cm [ 10 w 10* 1 500 500 500 500
o __——___——,__._—____——,__———
d g/em® 4.3 4.3 4.5 4.5 4.4 4.6 47 4.7 4.7
R L N e L._L,—L,L,_




v . v sl
H21B| H222Z Hﬁ\a H24B|H24A |H2A4Z | H25Z|H288 H49N H49B | H45 | HE3 |HE3B H4SA | HE3A
2000 2000 3500 4000 5000 7000{ 12000 3500 1600 1700 2500 2500 2000 2400 1250
220% | +209% | +209%| +20%| £20% | 2% +30%{ +20%| +20%] 0% L20% +20% | 120%| X20%| L20%
<3.5| <25| <30 <15 <40 <1 < 8] <m|] <5} <8 <4 < 4] < 5| < 5] <3
100kHz | 100kHz| 10kHz| 100kHz| 100kHz| 10kHz 10kHz | 100kHz | 100kHz | 100kHz | 100kHz | 100kHz 100kHz | 100kHz | 100kHz
¢
0.5~2 6.4~L2 0~2.0{ 0~1.5}-0. 5-—2 0~2.0
p~1.5]" -3~3
0.5~2[0.4~1.2} 0~2.0| 0~1.5{-0.5~2] 0~2.0
4100 4200 4000 4400 4500 .'aooo 4000 4700 5000 £300 4700 5200 5000 4800 4700 | ;
410 420 400 440 450 400 400 470 500 530 470 §20 500 480 470
1100 800 900 1500 1500 900 950 1000 1500 1800 1000 1200 1500 1200 3100
110 80 9% 150 150 90 95 100 150 180 100 120 150 120 310
0.30 0.15 0.3 0.13 0.13 0.13 0.05 0.2 0.16 0.20 0.16 0.16 0.16} 0.16 0.251!
24.0 120 24,0 10.4 10.4 10.4 4.0 16.0 128 16.0 1.8 12.8 12.8 2.8y 0.0
<0.4 <0.4] <n0] <no| <unof <nof <LO <0.8
10kHz | 10kHz| 10kHz| 10kHz| 10kHz lOkH‘z 10kHz | 100kH2z
<10] <20| <30| <30 <30f <30 <20} <30
>160 s sl >us| >us| s >l >0 s20| >20| >a0| >20| >0 >200 .>270
400 500 2 20 10 3 3 100 100 1000 100 100 100 100 1000
4.8 4.8 4.8 4.8 4.8 49 4.9 4.8 4.8 4.8 4.8 4.8 4.3 4.8 .71,
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ui vs. temperature
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EERRITE MATERIALS !
power loss vs. temperature
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Static magnetization curves.
H28 H49N
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E CORES

H63 EE 30/26XK

. : Shape detail t
! Core height " Olo| < '
H Core length '
o Shape
’ : Material LF_
E o]
Core name ,
Characteristics TR -
, : EE16/14K| EE19/16K | EE22/18K | EE0/26K| EE40/34K 52"y | oa- 20w | EESO/42K| EESS/S5A | EEGO/44K
e ) A(mm)  [16.0£0.3{19.1:£0.3(22 0£0.3[30. 0:£0.5[40. 0+0.5[ 42 023 §[ 2. 02 : 9| 0. 020. 7155 023 I [60. 020, 8
.
“£d . : B{mm) [1.7min [14.2min. [128min {12 5min [27.dmin [22 5 min. |29.5 min. 342 min. {37.5 min. (42 8 min,
C{mm) 40x3 | 4713, 6023, 1.0+8 108 12248 (12233 15,223 112,248 (16 02
Di tan
} D{mm) s.u_a. 5.2_‘“ 8043 411,038 ¢11.043 ¢ [15.223 5 [20.0%3 415022 4|21.028 416028 ,
E(mm) 71252 7.;:;,” 9228313023316 725 02123 | 21229 21,020 212093 | 2.0% ¢
Flmm) [s1322] s5202[ 52483 go*S 2 10.0X8 %1488 714825 712525 2 1a. 523 *lia ekl s
Core factor I—:—(cm") 180 17.0 L7 528 805 sS4 w2 ¥} as 45
Effective length te(cm) 5 1% 197 578 .3 L7 L7 9.6 1240 no
Effective area Ae{cm?) 0.19 023 0.41 1.9 .28 L 23 % 18 245
Effective volume Ve(em?) 0.66 0.82 | .1.62 633 .06 | 1.3 [ 23 | 27 an’ 71
Appron. weight W(g/set) 1 48 9.2 kt] 2 L} 16 ns 24 140
—+ @45) 1100 1250 2400 4600 900 4300 5700 5700 6000 5300
H4&IN 850 %50 | 1650 3000 7% 3000 000 4000 40 3600
AL value (nH/N' £25%)
H4gwW 1050 1200 200 4400 3300 4000 5300 5300 6000 4500
M63 1050 1200 2100 4100 3500 3700 4900 4900 5200 4500

{™.
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Hé3 El 30 /26 K

Veda

Shape detail . |
Core height — ; _—
Core length . _6_] al< <
Shape —] _J
Material
[
. 3 el o] e
. Core name .
Characteristics e
- E122/19K | E125N9 | E128/20 | EI 30/26K | E135/29 | E140/35K | E150/42K | EI 60/44
Cote nsme
A{mm) 2.040.3 | 2.0%0.5 | 280205 | X.0:04 350+0.5 | 40.020.5 {50.0%0.7 | 600201
~ e
; 12.8min. | 1815min. | 18.6mia | 19.5mi 4 gy
. B {mm) 1.8 min. | 2.5min. | X.8mn. | X.5min 4.6 min, A /22402
e+ - e
C(mm) 6.0%0, | &5t | 2823, | M. 023, | 10328, \7-0—0.7 15043, | 16023, 5243
Dimension D {mm) 60%3 g | 65025 10023, | noxd, |10.3%8, lzot&, 18078, |w0xf .”“,;“;”3 4/6
. +0.8 +0. 5 4+0.5 Nt b .2+ +0.8 +0.7 +0. e
£ (mm) 14,329 16.3%9 16533 .05 24.2%0.4 | 22.0X5 n.o0xy nsry? rn " ”5’/3
+0. 8 +0. 8 +0. 3 +0.5 +0. $ +0.7 r
F (mm) 10,339 130%5 12,025 16015 18.2+0.3 | 20.0%5 4.5%9 .88 7 rn ‘3”7. ,5
G(mm) Ls+02 | 10202 | as%0.2 | 8502 | S.o0%02 75403 | o0y | asza3d” Fn\u/?tﬂ
Core factor 1t (em) 9,58 n? S.69 s 559 [%-] a2 L0
A - rn 159 /94 /A3
2elcm) 3198 4.6 M 58 6.76 1.6 (¥ e
Effective length L z FR164/10¢ N
- - —
Eftective area Aelcm?®) 0.4t 642 0.3 L1 1.2 1.4 2% 24 R 164 124/
-
Etfective volume ve{cm?) 164 2.0 l;‘:l (X1 s18 1.3 2.8 .2 FR194/10¢/
e
. 7 [ 10
Approx. weight w(g/set) 9. 2 | M 37 60 n k] FR200 124/
e
H4S 2400 2050 400 420 370
4600 5800 5300 FR254/15¢/
- et AR
- . . H4IN 1650 1350 7% 10 2600 3100 3900 3600
) AL value (nH/N' £25%) FR31$/204/
= HAIW 2300 1950 ] 050 3500 & 7
- 500 3600 00 —-""""FR 3“/“9“
— {5
7 #8) 2100 1600 ko) 3700 2300 4200 5500 4500 TR 404 /200

= -
) FRS0$/Z5¢
et



Summary

EE CORES

— |
o| wl 4=+
X
c
Dirpensions {mm) General
./ A B c D Emin. F H sandard
EE12.68/13 12.6£0.50 6.400.10 3,5510.15 3554015 | B9 | 4651015 | 1.70
EE13/138 13.0£0.20 6.40£0.10 7.0040.10 355:0105 | B9 | 4651015 | 180
EE16/14K 16.020.30 7.20£0.10 4,80£0.20 3801020 | 11.7 | 5202015 | 200 58
EE19/16K 19.120.30 7.95£0.15 5.00£0.20 4551015 | 142 | 5602000 | 230 | IS
EE19/162 19.3:0.32 8.10:0.18 4.7610.13 4761008 | 41 | 5721013 | 238
EE22/20 22.0+0.30 10.20.20 5.75:025 | 4251025 | 170 7701020 | 225
EE25/19A 25.8£040 9.6540.13 6.3540.20 6.48:013 | 188 | 6732025 | 330
EE25/192 2542038 953:0.25 6.3540.25 635:013 | 187 { 6382047 | 318 | J4S
EE25/20 25.0£0.30 10.240.20 6.40+0.30 640:030 | 182 | 6651015 | 325
EE30/26K 30.0+0.50 1324020 10.7£0.30 1072030 | 195 | 8152018 | 500 | JS
EE30/30 30.0£0.50 149:0.25 6.9040.30 6901020 | 195 | 1024025 | 5.00
EE34/28A 34.64045 1424020 9.2710.25 9271025 | 254 | -990:025 | 438
EE40/348 40.040.60 16.840.40 11.720.40 1171040 | 268 | 1072015 | 835
EE40/34K 40.0£0.50 12.0£0.30 10.7:0.30 075030 | 274 | 1031030 600 | JS
EE40/35A | 4082055 16.620.25 12.420.30 1251030 | 286 | 1071028 | 58S
EE40/44 40.1:0.60 231030 - | 1172040 117:040 | 273 | 1521020 ¢ 6.05
EE42/4215W  42.2:0.90 21.0£0.20 15.020.30 1202030 |-295 | 152:040 | 603 | JS
EEa2/42-20W  42.220.90 21.0:0.20 18.64040 1201030 | 295 | 1521040 | 603 | JS
EE43/34 426:0.85 17.040.30 1262040 1261030 | 281 | 1052030 | 686
EE47/39A 47.240.60 19.6£0.30 15.5:040 1571035 | 318 | 1242035 | 7.44
EE50/42K £0.040.70 21.320.30 14.6£0.40 1461040 | 342 | 1281030 | 750 | JS
EESS/55A) | 55231.10 27.5:0.30 2072030 | 170:030 | 375 | 189:040 | 8B2 | JS
EES6/47A 56.610.65 73610.30 18.710.45 1881025 | 381 | 1481035 | 902
EEBO/76 . | 800:1.00 | 3811040 19.8£0.40 19..910.30 | o2 | _maso30 | 890
43 - -
i . .

.4




| SE PSS

t Minimum cross sectional area

EE CORES
.
Supmcose Magnetic param:m ‘3";;:‘.'00 h::z;%ur?:%“; ':? Wzg:“' A‘:::;::. I:: ?:‘b::,\
) | (mend) | (om) | o) | (mm) (mm?) ey | ©/prd | (poge)
£6126/13 2.4057 124 | 297 | 367 126 121 L | 263 | 19 - -
€613/138 11934 251 | 300 | 752 249 238 B | 266 | 370 a -
ﬁljdk__ 1.8662 189 | 382 | 63| 182 | 182 c | 426 | 320 48 59
EE19/16K 1.7168 231 | 308 | 915 28 28 cC | 557 | 458 e -
EE19/162 17715 227 | 403 | 909 227 227 LBC | 559 | 458 - -
EE22/120 1.9594 261 | 512 | 1340 244 244 c | 12 | 138 - -
EE2S/19A 1.2387 298 | 492 | 1960 | - 41 374 B | 856 | 99 - -
EEBA9Z | 11970 402 | 481 | 1840 403 40,0 B | 810 | 103 -
EE25/20 1.1861 426 | 493 | 2100 1.0 41.0 c | sos | 103 - -
EE0/26K 052756 | 110 | 579 | 6360 114 107 L | 758 | 322 51 59
EEX0/30 1.1538 573 | 661 | 3790 478 86 ¢© | 134 | 207 52 -
EEM/28A 085153 | 821 | 699 | 5750 859 797 B | 164 | 25 - -
EE40/34B 054389 | 142 | 775 | 11000 137 137 c | 167 | s20 53 -
EEQ0/34K 060782 | 127 | 774 | 9860 14 14 c | s | s20 54 60
EE4O/35A 0.52569 149 | 781 | 11600 155 us L 178 58.8 - -
EEA0/44 065317 | 145 | 972 | 14100 137 137 c | 248 | 12 - -
EE2/42-15W] 054243 | 180 | 97.8 | 17600 180 180 BC | 278 | 889 55 -
EE/42-20W] 041512 | 236 | 97.8 | 23000 235 235 BC | 278 | 18 55 -
EEQ/34 047780 | 165 | 787 | 13000 159 159 c | m | ss0 - -
EE47/29A 038524 | 232 | 895 | 20800 243 - | 223 B | 208 108 - -
EES0/42K 042677 | 226 | 963 | 21700 213 213 c | 26 13 57 60
EESS/SSA 0.34989 353 | 124 | 43700 352 352 c 400 218 ] -
EES8/47A 031597 | 339 | 107 -] 36400 352 329 B | 292 188 - -
£ER/78 049137 | 377 | 185 | 69700 392 382 L | 80| 354 .| — -
B; Back area C; Center leg area  L; Side leg ares
“,
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i o - ) -
:siEEB5/55A EE CORES
Il
,l H Magnetic Parameter .
| R Core constant . C, 0.34989 mm™
i Effective magnetic pass length ¢, 124 mm
|37 5min. Etfective cross sectional area A, 353 mm?
Etfective core volume v, 43700 mm?
Center leg area A 352 mm?
55.2'*% Minimum cross sectional area A, 352 mm?
{Center log) .
I_tu):' ‘;' Winding area of core A, 400 mm?
|
l l , : I Approx. Weight 218 g/pair
! - ._..2 r n Unit: mm
l ~
J t
AL Value Effective permeasbility Air gap Core loss {(Max.)
Product g8y, (AH/NY) e approx, 100kHz, 200mT (Watt)
J LiHZO EE55/55A 6,700 125% (5.b25—8,375) 1,880 0 219
AL value vs. gap length Ni vs. AL value
2 | 4
\L 2
N
10 1 A I b \ 10
¢ 7
7 +100°C
) ] X1 100°C . N
2T >
— \ad
2 X , Y
r 4 N
< \ e N 23C
3 Lo 00>
S Z ., -
3 2 ]
4
2
10
10 =
? 1]
L
10" 2 4 P | 2 7 0 2 ) 7 W 2
Total gap length {mm) Al value {nH/N®)
. 23C AL = 489.8XG *™™ (nH/N) NI shows the point where the exciting currentis
: G = 24495XAL '™™ (mm) @ 20% away from its extended linear part.
i 100C AL = S507.1XG °=™ (nH/NY) : -
G = 1BS2.3XAL '®™ (mm) 56

RS A
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IRFP450R/451R/452R/453

N-Channel Power MOS
August 1991 Avalanche Energy Rat

Features Package

* 12A and 14A, 450V - 500V T;g‘clgv

* rps{on) = 0.402 and 0.5Q

* Single Pulse Avalanche Energy Rated* QTR:‘:) ~ [—————— SOURCE
* SOA is Power-Dissipation Limited b O [.——> DRAIN

* Nanosecond Switching Speeds N\ [ > GATE

* Linear Transfer Characteristics

e High Input impedance

Description

The IRFP450, IRFP451, IRFP452, and IRFP453 are n—-channel Terminal Diagram
enhancement-mode silicon-gate power field-effect transis-

tors. IRFP450R, IRFP451R, IRFP452R and IRFP453R types N-CHANNEL ENHANCEMENT MODE
are advanced power MOSFETSs designed, tested, and guaran-
teed to withstand a specified level of energy in the breakdown D

avalanche mode of operation. All of these power MOSFETs are
designed for applications such as switching regulators,
switching converters, motor drivers, relay drivers, and drivers
for high-power bipotar switching transistors requiring high s
speed and low gate-drive power. These types can be operated -
directly from integrated circuits.

The IRFP types are supplied in the JEDEC TO-247 plastic s
package.

Absolute Maximum Ratings (Tg = +25°C), Unless Otherwise Specified

IRFP450 IRFP451 IRFP452 IRFP453
IRFPASOR  IRFP451R  IRFP452R  IRFP453R UNITS

Drain-Source Voltage (1) .....ccvviveaveeeevarnenaan Vos 5C0 450 500 450 v
Drain-Gate Voltage (RGs = 20k} (1) . .ovvinrnennnen VOGR 500 450 500 450 v
Continuous Drain Cumrent
To=+25°C.... 14 14 12 12 A
Tc=+1009C......... 838 88 79 79 A
Puised Drain Current (3) ....c....... 56 58 48 43 A
Gate-Sourco Voltage .......cocvecineiiironnacnnaens +20 +20 =20 +20 v
Maximum Power Dissipation 2
Te=+25%C ..ouiiivnnnannns iy 180 180 180 180 w
Unear Derating Factor. . ............ 1.44 144 1.44 1.44 wroc
Inductive Current, Clamped ......covvueeiiionneniranne 52 52 48 48 A
(See Figure 14, = 100uH)
Single Puige Avalanche Energy Rating (4)............... Eas”® 860 860 860 880 mJ.
Operating and S1orage Juncion .......ooveuvuuann TaTsTg -55t0+150 -55t0+150 -55t10+150 -55t0+1S0 oc
Temperature Range
Maximum Lead Temperature for Soldering ............... s 300 300 300 300 °c
(0.083" (1.86mm) from case for 10s)
NOTES:
1. Ty = +25°C 1o +150°C. 4. Vpp = 50V, starting T = +259C, L = 7.9mH, Rgg = 250,
2. Pulse Test Pulse width < 300us, Duty Cycle < 2%. IPEAK ™ 14A. See Figure 15,
3. Repetiive nating: Pulse wicth imiled by ¥ functi
See T jent Thermal imped Curve (Figure 5)
*R Suftix Types Only
CAUTION: These devices are sensitive t0 electrostatic discharge. Proper 1.C. handling procedurse should be followed. File Number 23

Copyright © Harrie Corporation 1991
4-528
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tiectrical Characteristics T = 259C, Unless Otherwise Specified

UMITS
CHARACTERISTIC SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
-s2:n=-Source Breakdown Voitage 8Vpss |VGs =0V, Ip = 250pA
1FP450/452, IRFP450R/452R 500 - - v
HFP451/453, IRFP451R/453R 450 - - v
ate Threshold Voltage VGS(TH) | VDS = VGs, 1p = 250uA 2.0 - 4.0 \
-ate-Source Leakage Forward Igss |Vas=20V - - 500 nA
.ate-Source Leakage Reverse Igss |[Vgs=-20V - - =500 nA
. =0 Gate Voltage Drain Current ipss | Vps=MaxRating, VGgs =0V - - 250 HA
Vps = Max Rating x 0.8, Vgg = 0V, - - 1000 pA
Ty=+1250C
~-State Drain Current (Note 2) IDON) | VDS > ID(ON) X TDS(ON) Max: VGS = 10V
AFP450/451, IRFP450R/451R 14 - - A
HFP452/453, IRFP452R/453R 12 - - A
"“tatc Orain-Source On-State TDS(ON) | VGs =10V, 1p =7.9A
-eustance (Note 2)

{RFP450/451, IRFP450R/451R - 0.3 0.4 (2]
IRFP452/453, IRFP452R/453R - 04 0.5 a
+orward Transconductance (Note 2) Ofs Vps > 50V, Ip = 7.9A 9.3 13.8 - S(U)

rout Capacitance Ciss | VGs=0V,Vpg=25V,f=1.0MHz - 2000 - pF
“utput Capacitance Coss | See Figure 10 - 400 - pF
«overse Transier Capacitance CRrss - 100 - pF
* 4n-On Delay Time t4(oN) | VDD =250V,1p = 14A,Rg = 6.10 - 18 27 ns
ose Time 1 See Figure 16. (MOSFET switching times - 25 66 s
are tially independent of operating
* #n=0ft Delay Time 4(OFF). P ) - 68 100 ns
s e Time 1] - 41 €60 ns
* xtal Gate Charge Qg VGgs =10V, Ip = 14A,Vpg = 0.8V Max - 82 130 nC
Sate-Source + Gate~Drain) Rating. See Figure 17 for test circuit.
- (Gats charge is essentially independent of —0 , -
tn(e-Sou.rce Charge Qqs doersBititiboecsiute.) 12 nC
ate-0rain (“Miller’) Charge Qqd - 42 - nC
~tomat Drain Inductance Lo Measured between | Modified MOSFET - 5.0 - nH
the contact screw on | symbol showing the
header thatis closer  { internal device ;
to source and gate inductances. _ .
pins and center of {
center of die.
r~temal Source inductance is Measured from the - 125 - nH
source lead, Smm -
{0.25") fram header
and source bonding
pad.
—unction-to~-Case Rayc = - Q.70 oC/W
Zase-to-Sink RgCs | Mounting surface flat, smooth and greased - 0.10 - oc/wW
wnction-to-Ambient RgJA | Free air cperation - - 30 oCc/wW
Source Draln Diode Ratings and Characteristics
Continuous Source Current Is Modified MOSFET 0 - - 14 A
1Body Diode) symbol showing the
“Aulse Source Current s | integralreverse — - - 56 A
8ody Diode) (Note 3) P-Njunc. rectifier. G m:’
°8
Owode Forward Voitage (Note 2) Vsp Tym +259C, lg = 14A,Vgg = OV - - 14 v
Heverse Recovery Time tr T4 = +1509C, Ig = 13A, dig/dt = 100A/ps - 1300 - . ns
Heverse Recovered Charge QRR | Ty=+1500C, Iz = 13A, dip/dt = 100A/ys - 74 - uC
“orward Tum-on Time tON Intrinsic tum-on time is negligible. Turn-on - - - -
speed Is substantially controlled by Lg + Lp.
~OTES: 1. Ty = +259C to +150°C 3. Repetiive Rating: Pulse width limiled by max. 4. Vpp = 50V, Start Ty = +259C, L = 7.9mH,
. 2 Puise Test Pulse width < 300ps, ) See Transient Thermal Rgs = 25(1, lpgax ™ 14A (See Figure 15)

Duty Cycle < 2% Impedance Curve (Figure 5)
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Performance Curves

2xoo'v ! {80us PULSE TEST | o H
5.v [0 PsE ST s ;35 : .c:v .
; 7 T 30us FUSE IS -
7 sH— ! ! a L% ; i T
A N EREE N g o —_—
! 5.5v. o 7
% 2 . i i i | % : 1’[[’!
- - 2 : - :
§ ! l | | , ! : |
Y =T - . 2%0e
§ . ! ! | | g sfE= 7 =
é : i ! v -51 ov 2, l’ -+ +
G573 = v
-3 T T ' & ' . ] i
i | ‘. | | Eo.
K- I | & =
H - - T 1
. 4 4,59 ad 11 T : 0
' i i i 1 T T T
3 3 6V 102 ’ l
50 100 150 200 250 v f r}
Vpg. ORAIN-TO-SOURCE VOLTAGE (VOLTSI Vg GATE=TO-SOURCE VOLTAGE (VOLTS)
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS
20 T POCSE TEET . e ey ;
| W"//r | | F=——OFZRATION IN THIS :AZ LIMITED— v
' : f e Y %ps (oM e -
1 i // 5 ov] 7 be ar 1
g 16— | // ' g .
- | i | i S n
g % | /)l — : 5.5v 3 Cpan T e 2 ol
. 12 7 7 1L, ‘!O.l.l!l * g .:\ .Q\ L"-’ -
g d | i N A NN
r i G Fasznan
] | | I % . ==
z ¢ ! i i 1 = = T‘T‘; T \\‘j C— }Iﬁf
< o5 0V S 3 i LIt oy, [N
g : ! ‘s “"- § T T TN | W,
i K
=% - - s :
| i | R ey N = : i
- . ; + 5v 2|t 150%¢ - "‘-’W‘ 1AL "
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8 12 15 ] EINT) 3 < Tigf .93 *
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*erformance Curves (Continued)

20 102
Yps = SOV !
) 80ws w?sz lest | g s -
3
< 18 - YJ-ZS“C O w
: / i / 4
a 7 - 10
g2 A1 L g 77
H /! AT | 1-1s00c g : i
: 1 =1509C
{ . g =
= -4 1 1
s LA 8
2! # 1 1 j-2s0c
' i
‘ 12 G 20 R O S A O S I T
I ORAIN CURRENT LWSERES) Vep SOURCE-TO-ORAIN VOLTAGE (VCLTS!
AGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN * FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD
CURRENT VOLTAGE
’
oo - 3.0 T
3 Y
- <
L. W
¥ . - ] 1
i // ¥ d
¥ | L~ & e
v ~ w
 Ei e § 3
x s -
3%0.9s — ] E éx.z o
: A g -1 F ]
H ) P
ioo.88 = 0.6 —L
B 8 1
a I3
E & vgs = 10V
0'7:50 ~40 -20 20 40 50 80 100 120 40 1680 0-960 =40 =20 20 40 60 80 100 120 140 160
T, JUNCTION TEWPERATURE (°O T, JUNCTION TEMPERATURE { °CI
FIGURE 8. BREAKDOWN VOLTAGE va TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs
TEMPERATURE
10000 T oV T e 2 T l
- . SHORTED
::- 5 : Go & 2 vpg = 400v4
8000 N, ) 2. g Vps = 250Ven\
Coss * Cas * Oy Go / Sy * G 2z vpg = 100V
< *Cos * Ge -] A
E) . . 2
N B - /
w 6000 8 12 .
g 1 > /V
2 N . ] b
z 4000 PN o T @ [ ]
u, A s ‘ 11 ‘T' 4/
*] ,\l_. :
2000 — S 4
¢ . 5
e L s i T —
\1"'*1' gy ! ] R SEE FIGURE 17
0 1 10 2 102 L) 50 79 100 129
¥ps. ORAIN-TO-SOURCE VOLTASE (VILTS) O TOTAL GATE CHARGE (nC}
"(}URE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE ve
VOLTAGE GATE-TO-SOURCE VOLTAGE
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Performance Curves (Continued)
18

(3]

o3

20V

or

s

ApStoni. DRALN 1O SOURCE ON RESISTANCE [OHMS}

us l o
/w-u MEASURED WITH CURAENT
/ 1TIAL Ty s 239 (HEATING
EFFECT OF 2.0 us PULSE (S MINIMAL)
1
0 0 3 [ []
Ip, DAAIN CURRENT (AMP-RES)

PULSE OF 20 ws CURATION.
. e
FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT

VARY tp TO OBTAIN
REQUIRED PEAK I_

Vgg= 10V our

tp

L

Ey= 0.58BVpgg Ec= 0.75 8Vpss

FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT ~

FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS

DUT,

] I l Rg s
Vgg™ 10V +- Voo
Vas

PULSE WIOTH < 1u.8
DUTY FACTOR < O.1%

-

FIGURE 18. SWITCHING TIME TEST CIRCUIT

2 \‘\
N

| IRFPas2, IRFPe
IRFP452R, IRFP

IRFP4SQ, IRFP481
IRFP45OR, IRFP4S1R

N

/1

NN
‘ NN
N

gﬂ

1. ORAIN CUNRENT IAMPERES)

50 1 100

Te, CASE TEMPERATUAE (°C)

i3

TEMPERATURE
Vos
L
VARY tp TO OBTAIN ouT,
REQUIRED PEAK I Rgs
VGS- 10V
to L
L 001

BVpgs
tp A Vos

I —— ‘_‘VDD

FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS

+Vps
{ISOLATED
SUPPLY)
SAME

TYPE

AS DUT

CURRENT
REGULATOR

-Vps
|G CURRENT —— Ip CURRENT
SAMPUNG RESISTOR — SAMPUNG

FIGURE 17. GATE CHARGE TEST CIRCUIT
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