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(1) paruiAmaniiveseiilssaouveseima
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My = 0.77mair + 0'23mair
- marluTasou (W)
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- Mwoendien (0;)
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CORE FYPE  Agqem’ } By (o Hi-pGmm £, {mnz)

E 814250 0.17 6.3 L .29
B 8135187 .33 9.3 32 36.32

E 8136343 0.36 10.0 3.2 4750

i ] E 81215250 0.58 10.1 4y ss.02
Lm%ﬂn;ﬁ‘aj @L I}F £ 7526272 0.50 173 ! 55.88
“E“"B ET m E 373 [R15 16.8 6.6 73.41
] 114 17.9 6.0 86.36

E 783E60% 1,78 26.3 Tt 92.96

EE Bobbin I 338E772 1 81 26.3 7.1 99,06

£ 625 .32 .2 6.4 94,9

33 250 33,1 5.6 L13.03

Beg £ 75 a2 26.2 5.1 119,38

FU'—- %% L‘%_F'U':‘i ﬁj “__i ¥ i CORE TYPE  Aylem®) By {mm) H tmm) £, (ma)
ey

ot X e EC 35 0.97 215 4.8 $0.04

( } 5 LM EC 31 1.35 24.5 5.8 54.94

e e EC 52 213 25.3 71 7290

JBE!EIH b g EC 70 477 41.5 1.7 95.0

AT ey |
E CORE TYPE  Aw(em®) Betmm)  Hegfmm!  Lolmm)
ETD 34 (.22 210 6.0 59.94
ETD 39 1.74 5.6 6.9 68.58
ETD 44 2.13 29.6 7.3 6.2
ETD 49 2.1 128 8.4 $5.09
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Hep = szunmmmmanuawﬂmm
ETD ¢ .
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719 2.17 yaasdlet s fum@mmammjmmnvmmuw@m Fl3uu BB, EC 4agETD

2.13 aanadunisiuiie (Enamelled Copper Wire)
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2.14 tnilayiu (Ensulation Tape)
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CORETYPE A {(em) A, (em®) V {cw’) £ (mm)
ETD 34 0.971 1.220 7.64 78.6
ETD 39 1.250 1740 11.50 92.2
ETD 44 £.740 2130 18.00 103.0
ETD 49 2.110 2710 24.20 114.0
CORE TYPE A, (em?) A, {em®) V¥, (em’) £ (mm)
EE 20/20/5 0.31 0.35 1.34 43.0
EE 30/30/7 0.59 0.78 4,00 66.9
BE 42/42/15 1.82 1.78 17.6 97.0
EE 142/43/20 2.38 1.78 23.1 97.4
EE 42/54/20  2.36 2.40 8.8 122.0
EE 42/66/20 . 2.36 3.40 4.5 £43.0
EE 55/55/21° 3.54 2.50 43.7 123.0
EE §3/55/25 420 - 250 52.0 123.0
5.32 3.93 78.2 147,0

EE 65/66/27.

CORE TYPE

A (em?) A, (em®) ¥, (em?) £, (mm}

El {9

ElL 22/19
£l 25/19
Bl 28720
El 30/26
L 35729
El 40/35
El 5Q/42
El 60/44

€.24
0.41
(.42
0.85
Loil
i.21
1.48
2.30
2.48

puediufinitdaemarassi

nrshuidaciusnawasuayiy

Smassasunuivas lsa

0.517
(.44
0519
G.723
0.791
1.36
1.08
[.7
2.94

F- = C'd I = o o
srpsnEaWHandritnan luumaviasd [sa

0.950
1.630
L

4.1

3.6
393
48.6
48.4
38.1
67.6
76.9
Q1.8
1097
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Core Loss
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11993 Half-Bridge Driver Signal S0KHZ.
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317 3.2 2995 HalFBirdge Driver Signal SOKHZ.
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3.2 1993 Half - Bridge Converter

o oA S| @ o ¢
mssanuuuniaiaa Iy homsnaiusanawasngg

auanldau £=50 KHZ.

o & a
ATHINHIAITHANATD (E)

6.62
V50000

e = 0.0296 cm.

Auamrnaseuduain (D) tae miuiimihdaveudunin (Ay)

HIVATDURTUAIR (Dawg)

Dawe = 2(¢)
D ywe= 2(0.0296)

DAWGz 0.0592 CIil.

» [
niufiniidnveuduaia (Ay)

2
(Ayy) = T((DZWG)
0.0592)?
(= SO

(Aw)= 0.002752 cm.?

gwsululassnuniseduianaronaziaonld
o 1 =] i
yiinwownuuimanduinudeslsd wes EE-21

nazldiduaianowauLos AWG 26



EE. Ferrite Cores (Magnetics
Part | Wy | We | MET § MPL | W, | A | W, Ag K, A Al
No. HYams § urams om [311] f\c gn: gn}: cnf; cms (_'m3 i TK
EE-187 6.8 44 38 7 401 22191 0228 63067 0116 | 000281 144 500
EE-2425 1 139 | 9.3 49 | 485 | 20681 0383 0794 ] 0305 | 0.0695¢ 235 767
EE-375 364 | 330 6.6 694 | 1875 0821 [ 15391 1.264 | 00624 ¢ 453 1167
EE-2] 47.3 | 570 8.1 TO5 1 L1037 1490 ] 1,643 2448 | 018021 609 1967
EE-025 644 1 1030 94 890 | 0808 2.3%0 1 1930 4616 | 047001 818 2767
EE-T5 1111 17901 11.2 | 1070 0826 | 3390 { 2.799 | 0487 | 1.1527 ¢ 180 | 3467
*This AL value has been normalized for ¢ permeability of 1K, For a close approxumation of AL for other
values of permeability, maltiply this AL value by the new permeability in kilo-perm, If the new
permeability is 2500, then use 2.5,

- v < o o ar g
A1319N 3.1 Eiﬁﬂ\'ﬁn'3'Nuﬂuuiﬂﬂaﬂl‘ﬂﬂi@n@"]ﬁ1ﬁ§ﬂﬂ1§a@ﬂilﬂﬁﬂﬂﬂuﬂﬁﬁqﬁﬁi

Wire Table
Resistance Heavy Syntheties
AW Barc Arca ul¥em Area Diameter Turns-Per Turns-Per Werght
e (107 cir-mil 20°C  Jem(107H cir-mil cin tnch | cm | tnch] e’ Inch” gni‘cm

i 2 3 4 5 0 7 § 9 14 | 12 13
101 32,6100 10384.00 327 539000 1104600 Q2670 0.105 3.9 1y b 69 0.46800
11§ 41.6800 82206.00 414 445000 B7U8.00 (2380 0o0vd4 44 £l 13 GO 3750
12 1 330800 6329.00 3201 3364060 72200 02130 0084 49 12 17 08 0.29770
13 1262600 518400 65.6 283600 S61000 (1900 0075 55 13 21 136 023670
14 | 205200 4109.00 82.8 229500 435600 0.1710 0.068 60 15 26 169 0.18790
15 1165100 3260.00 1043 383700 362400 01530 0060 63 17 33 21 014920
16 § 13.0700 2581.00 1318 147300 290560 Q1370 0084 73 19 41 203 0118403
17 § 10,3900 2052.00 165.8 L6800 2323.00 0.1220 0048 8§22 51 331 0.0%430

__—18 8.2280 102400 2095 932060 183700 01690 0043 91 23 od 415 0.07474
19 ] 65310 128900 2639 75300 149000 0.0980 0.039 102 26 80 515 0.05940
20 5.1880 1024.00 3323 60650 L1I97.00 0.0879 0035 K4 29 W) 638 0.04726
21 41160 81230 418.9 48370 954.80 00785 (.031 128 32 124 800 0.03757
a2 32430 640.10 5314 38570 Toi70 00701 0038 143 36 136 G023 0.02963

231 25880 51080 666.0 31350 62000 0.0632 0025 158 40 19t 1234 00237
241 20470 40400  B421 25140 49730 0.0566 0.022 17.6 45 239 1530 0.01884
25 1.6230 32040 6240 20020 396400 (L0505 0.020 198 30 g 1933 0.01498
20 1.2800  252.80 13450 16030 316.80 0.0352 0.018 221 56 374 2414 0.01185
27 10210 201.60 1687.0 13130 259.20 00409 0016 244 62 437 2947 4.00045
28 68046 158.80 21420 L0515 20730 00366 0.014 373 69 571 3680 600747

4 o 1
W'I'S’Nﬁ 32 uﬁmmawamd’ua’mmm"{mm FIUUIAITIU AWG (American Wire Gauge)
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V=150 V.
V_=1500 V.

L=2A.

f= 50 KHZ.

n=80%=0.8

D, .=45% =0.45

K, =0.1802 cm.”

K, =4.0 (Square Wave) , 4.4 (Sine Wave)
A_=1490 cm.

P, =LV, = (2)(150) = 300 W.

P, =nP; = (0.8)(300) = 240 W.

P =P+ P, =240 +300 = 540 W.

P, 240
I=—=""x= 016 A.
V, 1500

o

3.2.1 msesnuuyudentad i dndinsing @rimary Transformer Design)

AMuA Bye= 0126 T

LA uvsaldntiivin

N V.(10%)
P KB, A,

150(10%)

Mo (0,126 (50%10%) (1.49)

;_Npm 40
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2 MINMH U MU UYBINT SN

B Pt(lo‘*)
T KKy BaofA,

540(10%)

] =~ (2)(0.289)(0.126)(50x 10%) (2.448)

| =302.88 A/cm.?

A A oy oo P -
SiuRmhdeveuduaiediu s

E_AWP:: Ii I])max

- (4045
WP 20288

Ayp= 0.00221 cm.?

andiuduazamiy 1w

fnua A, = fufinfidavesaames AWG 26

Awp

Snpx —A—B—

0.00221
PP 000128

Syp= 17218 Svuald 2 16
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}.LQ/cm.
{(New) uQ Jemo= "
Snp
1345
{(New) p.Q Jem.= T
2
New) p€2 /em. = 672.5

kY k4 ¥ 4
6.1 IAITHATUNIUAIY TS HS

A1 MLT 993nHanIes EE-21 = 8.1

w2
R,=MLT(N )(—)(107)
cim.

R,= (8.1)(40)(672.5)(10°")
R,=0.217£2

rhdsnuiigaudofuduatadiu lnsns

2
P,=LR,
P = (2)(0.217)
P,=0.868 W.



:'3_.2.2 asesnuusieulad i idnuwsdums (Secondary Transformer Design)

mdwavsavvsadualediusiuais

N, V. o
Ne= —2 (14—
SV ( 100

:-;_40(1500.3) , 05
150 100

N,= 402.08 591 fmun 14 403 50

5::.:-. A d gy oo o P & 4
IR LNV gAY HE HAIAR LU AUALT

10‘\}' Dmax
J

Ays =

A (016)V035
™7 30288

Aws = 0.000354 cm?

Tomdnuduased e’

:'.'n' § = o
Amiue A, = Hulnihdnvessainnns AWG 26

Aws

____Sns;= "

Ag

~ 0.000354
7 0.00128

Sas= 0.277 éu Suald 11du
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p.Q./cm.

(New) pQ Jem, =
' 3

ns

1345

(New) u€2 /em. = ™
1

{Naw) MQ Fem, = 1345

i

2R YA s

A1 MLT ¥03UnHamYS EE-21 = 8.1

ufld
Rsy= MLT(N,)( E*n“]“ )(10)

Ry= (8.1)(403)(1345)(10°9)

R,=4.39Q

Bumasnuigodeluduaediumiuad
2.

P= TR,

b =(0.16")(4.39)

P=0.112 W,

4. mifass g das suviandooya I

Poy= PP, = 0.868 +0.112 = 0.98 W

3 3 £y = g
s e fidunanlizAnnaveaudiaudas v
0.98

— By . WdU —
X= 22 (100)= 37(100)= 0.4083 %
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1 | 4 nieulasIdthunumanmues TR - EE 40 1
2 | Q1,Q2 MOSFET IRF460 %1l N-CHANEL 2
3 | cle2 Aufunlsey vinm 450 V 47 uF 2
4 | 3dwhuniu 330 Ohm 1
5 | 1,2 laTea FR307 2
6 | dufullszy vuim 4.7 oF (us1a1999) 1
7 | dufualsey vunm 220 oF (Fma1eaees) !
8 | #@ NI 68 KOhm (F 116 197393) 2
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HALF-BIRDGE CONVERTER
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3.3 29035 IAU (Voltage Multiplier)
199592u590u nieaesmiuussdy I luntde 11814 esuuy

Half - voltage doubler circuit
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3 U9 3.6 g‘ﬂ’N%i Half — wave voltage doubler circuit
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51t 3.7 MIRTUUDII993 Half wave voltage doubler circuit
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Vout - 2nVi

Vour = (2)(5)(1500)

Voutm 15 KV.
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International
ISR Rectifier

2
%agammmmﬂmmm IRF460

REPETITIVE AVAL ANCHE AND dvide FATED IRF460

HEXFET TRANSISTORS
THRU-HOLE (TO-204A4/AF)

Product Summary
Pary Number | BVDSS] BEbsSeay | B
IEFI60 S0V G2y |2

The HEXFET “technolozy 1o the kev to Internanonal
Rectifier's advasced line of power MOSFET mamsistors
The efficien geozeetsy and vodoue processing of this lates
“State of the Art” design achisves: very low on-siate resi-
tance combinad with high wansconductance; superior re-
verse enmgy and diode recovery dvd capabality.

The MEVTFET tranctors aloo feanoe 2l of the well ezoab-
bished sdvantages of MOSFETY such o voltsge copwel
sery fast switching, eae of paralleling and temparatae
stabilizy of the electzical parzmeters.

Taey are well nuted for apphications such 2o sochong
power supples, motor conwels, mvarters, chopper, nudio
=pphfisrs and igh energy pulie oronit,

Absolute Maximum Ratings

500V, N-CHANNEL

Features:

7 Iepetitive Avalanchs Batings
Drepayme dvdt Fonng
Hesuwnoally Sealed

Sumple Drive Requaransan
Eare of Paralleling

[ I

FPavameter Vmics
In i Vs =03, T = 255 Contmurss Drain Ciwerenr i
I Vs = 0V T = 300°C | Continnens Drais Croment 11 A

Iog Faized Dram Curen: &

]
e

red
i
o
£

Srorage Temperame Ranee

PO To= 22 i, Power Dosupancn iGH W
Limsar Dezanne Facwr 2.4 WL

Vg Gate-to-Sourse Woltage =10 v

Tae Smpie Pube Avalamehs Enapy F 1200 =24

A Avalimese Cumrent O 21 A

Est Pepatitve Avalanche Enerzy i 0 m?
gyt Pesk Driode Recovery dv/d % 3% Vi

T Opersting huncnion «Eh o 15

Lead Temparatare

306 {0,643 . (1 Soum) Sem case for 104

Weiehs

311 8 npical)

1

Foer footnotes refer 1o the lagt page

www.irf.com

1

AERC I
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IRF460 International
Io® Rectifier
Electrical Characreristics @ Tj = 25°C (Unless Ctherwite Specified)

Parameter AEn | Topl| Aax{Unies Tewt Condition:
CBvons | | Dran-o-boaice Doibhowa Loltage 0] - | - % Uit = 0, o = 1OmA
2BVDseaTy]| Temperonme Cosfficient of Breskdown | » | 0.78] — | VW Befemsnee o 25°C. In = Lima
Solmze
Enyssony hand Drasere-houroe oS o " - NGA = AL In =144
Besiutance —_ 10 - Vg = 10V, In =014 4
NGRS rate Threskold Voltage p) — 1 30 =7 TIE VS D eliuA
% Forward Tramscondusiance ] — —_— S E VI o IS e e 1A %
g Zere Care Volisge Drasn Currene e e 2% Vo= WVag=0V
— e | 230 A Vg =G
Vas =0V Ty =125°¢
Tng Catelo-Somrce Teakaze Foraard — e DL Vog =20
o tcate-to-Source Leskage Reverse e R T Ve = WA
Qz Towl Gawe Charge S - s Vs = 10V ID=I1A
Ko LSl OUIE (HETe i e a7 p=n Ve = 1A
[e:5) CratetpeDivmn £ A ey Charge &0 — b 133
Ygiomy Two-On Delay Tune — — 3% VDD =N ID wELAL
ir Pize Time — - | 120 - Pgpul 35
Lo Turz-0F Delay Tume e | 138 "
ts Fall Time - of
Ly -ip Tonal mductance - { &1l] —} aH
Cige Iope Capecitance — | 3300 Ve =WV Vng =I5
Cons Crzpy Capacitange el R pF i= 10k
{ns Reverse Tramsfer Capacimanee — 250 —

Source-Drain Diode Ratings and Characterisrics

Parameter A8 [ Tap | MasiUnic Test Conditions
Iy Cogmmons Source Camen: (Body Dnode) w | e § 21 5
Ignr | Pase Bowce Cuptest (odv Diode) — | — | &%
VED | THode Forwwed Voitage —_— 18] ¥ Ty=23 = laA Ve =0V %
T Paverse Recoverv Tims il R LRI 2FCIE = 2LAL dlidr v 100&us
ORE. { Reverse Racovary Charge s | e § B D VDD SV E
ton § Forward Tune-Ou Tiow mmns twmeen hme i negiimtle. Twneon mpesd b subsmensly cegweled by L - L

Thermal Resisrance

Pavameter 2 {Tip| 3oaxf Units Teit Conditions
iF

Rl Juminon o Caie — e D42 w

PamlA Jumition e Anvnent —T=Tw Thpial sidioet mune

[

For foctnones refer to the 1350 pag

2 www irf.com
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Hoyavasleditued IR2153

: Data Sheet No, PDSG0GZ revO
l N Te I N O h ondad I (MOTEFoy neyw designs, we rscoiminend

s new nrodunt IRE2 1530

TSR Rectifier IR2153(D)(S) &(PbF)
SELF-OSCILLATING HALF-BRIDGE DRIVER

Features Froduct Summary
[Py, S halbhridoe ools diver

e e gate dne VOFFSET 600V max.
T A ETERGT Siant

« Tiatuer niial deadime contro Duty Cycle 50%

: Shetaan esios (1 te)on Cr i TiTp 80/40ns
- 15 B0 pules whdihg 31 st

5 Comer dust gaie e for beter noss oty Deadtime (typ.) i2ps

e Low side oulputinohase with By
o Intemal SOnses fivp. 3 bootstran diode (IR21530) Packages
e Excelient ich impunity on allinouts and oulpuls
e ES0 protection on all feads
@ Aise avelobie LEAD.-FREE

Description

The IRIIS3DNS) are an improved version of he 81 e PP 2 Lead 30IC
poodsir IRZ155 and IR2151 gate driver 1Cs, and inood-
porates & high voitage haif-bridge gate daver with a front end cociilator sirsiiar 10 the industry standard THMOS
555 tmer. The IRZ152 provides more functionalily and is easier touss than previous iCs. A shutdown feature
has been desioned into the O pin, 50 that both gale driver oulpuls can be disabied using a low vollage contigd
signal. in addition, the gate daver tulpul pulse widths are the same once the rising undervoliage lochoul
threshsdt on Voo has been reached, resulling in & more stable profie of frequenty ve ome it starlup,
Modss mmunily has been imgroved significanty, both by owenng the peak dédt of the gale drivers, and by
increasing the undenvokage iockow hysieresss to 1. Finally, specia!l attenton has been payved 1o madimizing
the iaich immarsly of the devite, and providing comprehensive ESD protection on all pins,

Typical Connections
IR2I5HE} : RAI53D .
”‘:f ! ?ﬁf A ey
i
WL VB
A g BR
] Ay Wi

o7 T AsAe

o ot ey

m,@a; M@e{

wer T Lom
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ToRr Bectifier

IR2153(D)(S) & (PbF) e
MOTEFor new deshons, we recimunen)
e new prodiust IRS2153D

Absofute Maximum Ratings

SO e FRUngs indioate sustained rns Deyors! witeh demage (o the Sevioe may coowr. A vollags paran-
etars arg absohas voilages réferented to OO off tumaents are defined posithnee ino any lead. The thema resistanos aod
porever chssipation ratngs are measared under board moumed ard U8 o conditions.

Symbol § Definition Fdin. fiax. Unils
Vg Righ sige foating sunply voitans -3 o)
Vo ragh fide fosbng supply offset viltags Vg - 25 W+ 0.3
Vg Hogh side foating cutmest voltage Vo -3 Ve t3 .
Vio Lo siche cutos voltage 0.3 Weogo <032 v
YVaT Ry pnvoltage -3 Won+0.3
ST T peyvolisge 0.3 Weo+ 0.3
ize Supply coment (noie 1) — 2% .
maA
=T Rt min curer -5 Z
digich Alizeable offspt vollage sl fele -BO 5C R
P MmeRm powesT CESoIEon T © 250 (B Lead DiF) — 1.0 W
3 Laad 30I0) e S825
Rthge, Therma! resistanos, Louon 1o arident £8 Laad Dif) — 125 sCAw
{8 Lead SOHD) — 205
Ty SUCHON Jernptrahse -£5 180
Ts Slorags BrmoEratsne 55 153 o
To Lead temperatore (soidering, 10 seomis) — 200

Recommended Operating Conditions

For oropsr opsration the devics should De used within the redsmomeried conditicns

Symbol | Definition Hin. Max. Units
Ve High side foating supply volage Ve =07 VoL s
Ve Steady state hugh sede Roating supply offset woitage S30 inote 2 800 Vo
Vor Swppiy voitage 0 VoL .
fore Sapoly Surn irote 33 = A
1) Jurstion wemperatre <AL 125 b oG

MNote 1 This 1T contEing a Zener olame strudture betwesn the ohip Vog a0d COM which has & nomiied,
woltage of 15.8V. Flease note tha this supply pin should rot be diéven by a DU, fow impedands;
greatar than the Vay aue specified in the Eleories! Charameristios seeion, . 0
Care shoukd be taken 1o void outpul switching conditions where the Vg node Sles inducesly balow gro
e Han 5V, e

Enough turrent showld be supplied 1o ihe Voo pn of the 1010 ke the intemal 158V 2
voltage 31 this pin

=
i
1.
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ToR Pectfie: IR2193(D)(S} & (FbF)
HOTE For new designs, wa recommend
s noawprodet IRSZIR3D

Recommended Component Values

Syimbol | Component fdin, Kax. Lirts
|y Tivdrg resisior valus i —_ 3]
T C7 DI CROACIT vEhee 338 — ¥

£2153 BT vs Frequency
e = SELE
S . J_ = 1]
120050 P bl _
e i s
T T S « P
it
O owms @@ PS50 'ﬂ&%w ML
B - St =
g AT ] 0 % % +
Z — —#F  — CT Vakies WS C TS, e
E 1000 e D 2B %, e el " Y
e R o= =
i 3, ¥ 1 =
",
g 105
150
10
0 oo 1500 10000 50000 4000000
RT {ohma)

wrereir com E7
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