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Abstract

This project show information of the high-Voltage switching power supply which
used to generate power at high voltage and high frequency of the ozone generator by solar
energy. The project is covered by switching power supply at rated 500 watts by used the dc
12 Volts from solar cell ( battery ) or ac ( 1 Phase 220 Volts 50 Hz) from the line. Later ,
sent to the push-pull switching circuit at used power MOSFET and high frequency transformer.
Finally , sent to the power transformer which the last output is about 15-30 kHz and 0-20
kV.  The objective of the project used for the supply of testing ionization of the air for
ozone how relation with frequency and voltage at the optimum point to used the ozone

generator.
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CORETYPE A (em™) A, (em) V, (em)) ¢, (mm)

e
L ETD M4 0.971 1220 7.6 786
ETD 39 L2350 170 1150 92.2
N ETD 4 L7900 130 18.00 1030
: ETD 49 L1100 27100 2420 1140

ETD

CORE TYPE A lem’) AL (em®) Y, (em)) ¢, (mm)

‘ A EE 20/20.5 0.31 0.35 1.34 43.0
[ I EE 30/30.7 0.59 0.78 4.00 66.9

' EE 4274213 1.82 1.78 17.6 97.0

EE 4274220 2.36 1.78 23.4 97.4

EE 42/54°20 236, 2.40 28.8 122.0

: EE 4276620 " 2.36 3.40 345 143.0

k_) [_j EE 55/55/21 3.54 1.50 437 123.0
ES 55/58:25 4,20 2.50 52.0 123.0

ES 65/66.27 5.32 3.93 78.2 147.0

EE

CORE TYPE A, {em) AL (em®) V, fem®) {, (mm)

0 Et 19 0.24 0.517. 0.930 39.6

] EL 22719 0.41 e 1.630 39.3

i 25/19 0.42 0.319 ) 13.6

£l 28720 0.85 0.725 411 48,4

130726 11l 0.791 .45 3.1

) El 35/29 1.21 1.36 §.18 67.6 _
':' £l 40/35 .48 1.08 1123 6.8

N E! 50/42 2.30 tof 21.8 94.8

£l 60744 2,48 2.94 27.2 109.7
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Maximum Avallsdle Outout Power In Helfs &r Full-Bridge Topotogy

Outsut power in watiy at ,
Volume,
Core A.cem’ A_cm® AA, cm® 20kH: 28 %He 46kHz 72kHr 26 ki 159 %kH: 00 kM: 230 WHr 300 WH: om'

EE Cares, Fecroxcube-Philips

814£250 0.202 0.171 0.015 a1 3.7 1.4 1.2 149 232 30.9 28,7 (LR 657
$13€187 0225 0329 0.074 8.6 5.0 15.9 23.9 318 @07 663 32.9 s Q.59
2128343 0.412 0.253 0.148 133 16.0 3.8 473 636 954 1325 165.7 198 A i 64
S12E250  0.295 0.531 0.228 0.5 24.8 49.3 T4t °8.7 134.2 2056 257.0 3084 1.93
732E272 0577 0.2235 0.533 £0.0 60.3 130.1 180 4 240.2 2753 300.4 68256 750.7 h i)
2375 0.810 1.149 0.631 8§3.4 100.5 200.! 200.6 400.2 8264 8339 10424 1250 8 5054
2 1.4%0 1.213 1.807 161.8 195.2 3386 381.8 7IT.2 12U 16194 20243 24298 (S
133E€08 1.810 1,731 3.2 285.8 348.1 6§393.1 10412 1384.2 1832 2288 4 JS104 42325 17§D
TAJETTe 2.230 1.8190 4.217 3773 455.3 90R.7 13622 15134 20240 ITT&T 4134 a1 on
528 2.340 1.350 3.206 2812 346.2 €89.2 10353 13735 21542 W4 33905 430846 2050
£33 3.532 2.300 3.854 B35.6 10675 21251 31925 42231 453420 8336.1 11070.0 132311 350
ETS 3.2%0 2.150 7.301 654.2 788.5 1569.7 2358.2 31393 4%06.1 G341.5  3176.2 98123 6.0
EC Cores, Ferroxcube-Philips
L3S 0843 c.258 0.816 73.1 88.1 175.4 283.8 3509 518 4 7312 913.9  1096.7 6453
EC{L 1210 1.350 1.634 146.4 176.4 3512 5218 7024 10977 14636 18295 21934 1080
ECS2 1.50¢ 2.130 J.834 343.5 414.1 8243 12384 16486 25764 J435.3 42941 51529 1580
ECio- 2.790 4.770 13.308 1192.4 14373 2861.3 42986 57226 29432 119242 14™953 (73864  40.10

TD Cores, Ferroxcube-Phiiips

€10 29 0.760 0.623 0.636 61.5 4.l 1476 221.7 295.1 4612 614.2 165.6 9224 3.30
£TD 24 0971 1.22 1.185 106.1 , 1273 2547 1326 §09.4 261 1061.4 13263 15921 7064
ETD 29 1.250 1.740 2.175 194.9 2349 467.6 702.5 9353 14616 12188 24360 29212 1150
ET0 44 1740 2.130 3.706 332l 400.3 796.8 1197.1 1893.7 U196 BWE 41509 4yl 1 13500
£ETD 49 2110 2,710 5.718 512.3 6175 12294 12346.3 2458.8 %425 51234 64043 76351 2420
Pot Cares, Ferraxcube-Philips (continued)
704 0.070 0.022 0.002 0.1 0.2 2.3 Q.5 Q.7 1.0 1.4 1.7 2! 0.07
205 0.101 0.034 0.002 0.3 0.4 0.7 19 ] 1.5 23 a1 18 46 213
1107 0.167 0.054 0.009 0.8 L9 1.9 2.9 3.3 Al 8.1 10.1 121 c.2s
1408 0.251 0.237 9.024 22 2.8 5.2 3.8 104 16.3 213 272 2.7 0.50
18t 0.423 0.187 0.081 7.3 8.7 17.4 26.2 34.8 54.4 726 907 103 8 112
213 0.638 0.297 0.189 16.9 20.4 40.5 50.9 81! 125.7 1620 M2 2535 2.00
2616 0.948 0.407 0.186 346 41.7 83.0 1246 155.9 258.2 345.7 432t S18.6 3.5
2019 1.389 0.587 0.810 725 8§75 174.2 616 348.3 S444 258 9072  1088.7 5.18
3622 20 0.774 1.563 140.1 163.9 336.1 $05.0 §72.3 10507 14009 175lL.1 2:01.3 10.70
4229 2,553 1.400 3,124 1337 402.2 800.7 1202.9 16013 23028 333G.7 4170.9 5C05.1 1820
M Cores, Ferroxczbe.Philips
RMS 0250 0095 0.024 2.1 2.6 5.1 i 10.2 160 3 66 e 945
RA(G 0.370 Q.155 Q.057 5.1 5.2 12.3 18.5 24.7 - 38.8 514 542 T 9.50
RMS8 0630 Q310 0.tes 17.5 211 42.0 £3.1 840 121.2 175.0 2187 282§ .95
asie 0.973 0.426 0.413 37.0 446 88.8 133.5 1777 2777 370.2 462.8 S83.4 347
RM12 1.460 0.774 1.130 101.3 122.0 243.0 383.0 485.3 324 0125 12856  1518.8 3.34
RM 14 1.9%9 1.100 2.178 195.1 235.2 463.3 Q3.5 936.5 {483.6 19315 24394 20272 119
PQ Cores, Magnetics, Inc.
42016 0.620 f 0.255 0.159 14.2 17.1 34.1 SL2 68.2 106.7 1422 1778 213.3 )
42020 0.620 0.334 0.238 213 25.7 51.2 76.9 102.4 160.0 2133 266.6 320.0 170
425820 .12 0.322 0.3383 4.3 it 82.4 123.8 164.8 2575 3133 429.2 515.0 5.49
42625 1.182 0592 0.592 53.1 64.0 127.4 1213 254.7 328.1 i30.8 GG 1 7961 653
43220 1.700 0470 0.799 16 86.3 171.8 288.1 3436 §36.9 50 3019 107302 242
13220 1810 0894 1.600 143.4 {728 34401 516.9 688.1  1073.4 14339 17324 21509 ttn7
41838 1950 1.5890 3.116 279.2 336.5 §70.0 10066 1340.1 20942 2TRTT 34904 41884 17246
44040 2,019 2.4%0 5.005 448.4 540.5 1076.1 1616.6 21521 J3R1I 44344 38055 GT2RA 20445
Note: From Ca. P, = 0.00188__ANJD, . where P, is in weatts, O__ in gnouss, A, nnd
A, in 3qunre centumaters, [ in hertz, /) in circuinr mils per rms amocre, bobbin winding sarace
N AT T M LIS TN A Rl ls o0 For 0. = see

[]
a1

P < ° & at a
MmN 2.2 vnaveanuires lsafisemdagegaiinnuaeieg

] o o ] =
yoaonanums@uuvanluununes 1sd

mMsfinuaresoIMERUMAAUIiMan ( Air Gap )luunues lsaiduitnseos

A A yﬁ ar a o (vl U4 ] [ 9/
nilanlstlostiunmsaudivownuines 1sa  uazgrismsazaundenuvesadalundontasa
a A A ;3 by ] < 1 M a 1 < o 0 Y a
WFWANNNYUA 96 1shn FesmmeRumaduimanlunnumes lsaeziiding

MIUNINT L0y IUIUNIU EMI (ElectroMagnetic Interference) 09A



-

L

T e o

L Sl =

22

T
l

enunziied naunigiid
l 1Y,
y v 7_% y
: | A =

l |

L f2sa1n AAy L decantmiy

U7 2.15 msfmuagesoma L dununms

o 1 v M &
HAZMIANTBIBINA [ szrIngUssnuunuines 156

AUTUNUEsenIeve sy uazuaeiua s voansouas

ru 1
- l.'l.l
OR &%
i
- ; d
L3l

] 3 y
U 2.16 anuduRusugveandouag

£ 3 a a4 ] v w ' - o P <t
wiioudasadagesziinnuduiusszneva wsuSunzvaiuasidiu lawmgui

4
yoandoutlas Wuldawaunisaeidl

(2.12)



e oym W x e wr

23

|
N L \2
—£ - [—”—J (2.13)

fio $useuvalwsuts Wuseu

.
[}
Z

A9 SwIusOUYAITANATS 1WusoU

=

& o ) El o
19 usmummaum"lwsms ﬂdjuT'Jﬂﬂ

oS

=) ar ] o P L4
19 LUIAUANATOUUAITAUATT Lﬂuijﬁﬂ

N

- o ) a =t
1113, ﬂ’TIiJMUU')N'MN‘lIﬂqW?U'Ii L‘ﬂulﬁui

& a4 o Y o o
A8 AU UHIIUINIVABAUANT xflu_taus

t~ >

“

fio nszuad narmuvalwsing Wuueud

-

A P ' M -
[ fe aszuad lwamiuvamduats Wuieudl

o a v 4 ' HS4 a < v ¢ o d
Taoh 7, iumussduianaseuua IwsusFuiannnisidouudasveedndinimanae

Tuununieudaadielinszua nariu suaums

dB 5
V,= N,,AL.(E) x 107 (2.14)

MSAUYAR AN DILAUIAZNIATHUAVUIAVDIUAAIA

] y
Unamsinvanialundoutasaindees 14aranoaunae1niion ( Enameled Copper

¢ I ¥ »

. @ o [ Y a a ¥ o ' L) - [ v
wire ) Tumswudmiundeulasadnganssuaaduit Inakmvaaimininnuige vhldea
« 1 v v
aransamaihnszua ldfissiduiniu ildwuiindhdalumsinssueaans dnsgado
J 8 a [y ] Y [ [ P Y
wniu aranesumulolinszuaady Inaduzifamununiman nasunnelutazseuqda
as '\ d da d o ° 9 < 1 “ar

dueuuuiivanifadu  szmilenilvinanszua lvadu ( Eddy Current ) 4unioludiadn

a 4 & a Yo da 1 o o w 4 4o
‘ﬂﬂ\ﬂlﬂ\iﬂﬂ“ﬂﬂﬂﬂﬂ\ﬁlﬂ\‘iﬂ'ﬁVlﬁa']uuﬂSzllﬂﬂﬂﬂvlﬁﬁulﬂ!WU\i'ﬂN'Jlﬂ']uu Lﬂuﬂ‘ﬁﬂ’]ﬂﬂwuqﬂu'l

AIZUTAVDIAIANDIUAY



LA

24

AAnTeraenssuans

aIRNgILAY

BANNTEINTzAUNS

U 2.17 mafianszud nasuneluvaalansaaudielinszuaady lnarn

L] 9 o L W
HATINNITITUIFDUNUVYDIVAQIA ( Proximity effect )

=

a ' g
Un@sinuduauuiingn [ ( Permeability ) vaaunumes lsdezlinigain unu
Iy o o 1 =4 o a P o 4 Blﬂl 1 ¢ 1
wiuWdnduimaniiasinmsmisnhvesvaaialundoudasldisegluunumes lsdnm

c’/’ v a va (v o 1 aa o t ' v du 2
NUUAR NI WIUNTNFU 19T IUN ’Nﬁﬂuﬂu‘llﬂﬂ’lﬂllﬁliﬂﬂ’ﬂ Aanwxs ( Leakage Flux ) @9

1ARaINMIHUBARIA

a7\ 2N
CLL0 ‘”-’

(fA)

- a o do a a
U 2.18 maifia Va3 melundendasainge

\



o

o W e

o o

- o

25

- o 3 L 174 w &

1gIfl 2,18 uemInIndaesuYeInIaneas lunlioilas uazirulsdna

-1 ’ - a J 1 o Y o o 1 o ¥

wanvuduifatuvasnseuavadweain  msvindrveaddndgszninvaadaiin

- o ar n’: o ) o o @ e v da

Aadurdnduuulufuduresaaa dagud 2.18 (1) idurdndaaunuszieiuldndngds
' 1 @ ¢ a 3

ogmolu uazlugd 219 dumsugaaduusidndiifiannsuvosvanianoauamaien

> 4 v Jo &
sugutundndsniues

ATTREITBITAATA

1

7 =
1'© . saaacAuand

3

@
w
A
/
- Y
[~
“

Q sAaAin ]
\ -

! =

K _.lg |
=L

aMunyeuHing 8

W

L~
unuthadLe

a v du ’ ' [ - o [
U7 2.19 vdnd5umzmanumuiuvldngfidunysaien

T nITuauns

Funzweiadn

_—'T,__

afzzainanu

awinesingn

ys
-+

ﬁﬁmnnnum:uV
+ '

l/ nizeaung

ardanesea o

+

P 4

1t 2.20 HavesnaIAnauinsiine lunEnFinh i inssua Inanfndu
nngl#t 2.20 Arnumnuiuddngss B, sefudn dedmnuvesvaniadituiy
TUATH bR .ﬁmqqqﬂﬁi:uwfu agaveImIansunInInunuLazimanasn sy
Wandiameinnu i usurssaniansauas asdaduas s ndudualanounasly

E 4
su M lvipanszualvaiu



26

ﬂ']ﬁﬁ“'llﬂ'ﬂ']ﬂiﬂUi%ﬁ')ﬂﬂﬂ\?llﬂd‘uu'luau
a ¥ LY
Lﬂulﬂﬂuﬂcluﬂ'ﬁaﬂﬂ'ﬂllghuﬂ'lu‘llf)ﬂﬂ?ﬂﬂﬂﬁllﬂ\ﬂﬂUﬂ'ﬁi‘lfﬁ?ﬂﬂﬂﬂ“ﬂ\i‘ﬂﬂ'luﬂu

wdavuldasumusuausey ﬁa;ﬂﬁ 221

n22r  msiuvaaialasnis [alanesasvuiuny
¥
mslsmmneamsuuiuiuihldmanudununszuaadunaziduriugud
3 ' S Ry s o =
NANYBIVARIAADY n~ uaRNUguURNTUYszu 0 e n Aeduuduaianswundi
ynuiulaoi ldmsvuduatansans 2 duszasanudmmuldussma 20
¢d g - sd o
Woiidua uannugevaaamuyszinm 25 wesigua

MANANIIRUIRAAN DA IS UnT ol asainds

° :Il o 1 o & g oy P \ - ot 3 &
ﬂ15ﬂ'l‘Huﬂ‘lﬁn’lﬂ'J']llﬂu'llluuﬂaﬂcmlulﬂaﬂiﬁuﬂﬂ‘ﬂqﬂlﬂWWUTﬂ'VIfIﬂLiUﬂTl HU3

o o o o’: P Jo a 1 L4
wamuuax%m’Ju‘wiuﬂmwmwuumuawas (layer)

2AAuANI 4

B‘(mn)

23 T3 ),

Y t

7 o

3 v
747 2.22 msfmuaswaudulunesyu

e

[ 172 gATnind -] <

IdALATS

r 1/2 3alnsand |

[] ¢ L4
11 2.23 masmnnumuuniudndgagavestdndsa 18 Tasnmisansuaudy

& < o & =
‘Uﬂﬁ')ﬂiﬂ'ﬂ‘u@ﬂﬂi‘b’uﬁﬂiﬂﬁwuﬂiﬂﬂﬂﬁ')ﬂh‘ﬁﬁ'ﬁ



P I .

bad

27

/2 lsmasunti

B
172 1aTwtani —]
172 tazdumni —l

=

1/2 8 inans

=

- ' ' o & . o o 0y o 0!:
UM 2.24 myaamianumuuniuddnggegaroananss 1d lavnisaaduausuly

4 J o o 4 < o E
‘Uﬂa')ﬂ‘luﬂuQWﬂiﬁﬂlfNTﬂﬂwuﬂiﬂﬁlﬂﬁ')ﬂ"lWSU'lﬂlazl“ﬁﬂuﬂ'ﬁ

I wasay

172 34

o o a3 S o &2
sUhn 2.25 amgfuz-umwa{ UNUIHIUFUININUATIVU

4

MIAYADIAUVYEITUA Simple Winding )

msiavaalnlundoutauuusssuaife mswusaazansuasliasusuusoud
AosmsiiudouiuliinzgallSeoq dagilii2.22

- v é L
NITIAYAIAUVULIUIATIWU( Split Winding )

nsTRARIALULIRAI L Ao AsusAnIanensidnsUSaNseuRdeans
Tasusvaadneemily 2 du uavﬁﬂﬁmﬂqﬂﬁ'umxmsﬂﬁ"uﬂamﬂuﬁnymzﬂﬁuﬁﬂugﬂﬁ
2.24 uag 225 Wumsaashanumuuniuddndgegavesldng i luudasneduas 14
m’r’nmsﬁwﬁiyumms%ﬂﬂuﬂmmmuuﬁaﬂ?aﬁuﬁaﬁwmumuﬁé’aaﬂﬁuﬁaﬁuéfamﬂud
uazﬁm'mﬁymuﬂfiauuﬁaﬁuﬁmrﬂuﬁm’mgj%hu ienIANIATNAIN Y

MITAYARIAUVVUNINNAN ( Sandwiched Winding )




28

Y o 4 s 9/
du  mswuvaalanesuaslinsuiauseufideenis Tasmsnuumsnen
L] ﬂ' o 1 & o o Y ~ 1
FENTRATNVADMNIRULLUILRTINY - MIRuvaaauuuunsnaasiitaiseivaaiaun

- 3 a o g v [ 1
Wadudoinerndaneisuldfaaeaneidu faglii 225
2.5 2993MugNEmTunITInt

m"anflumiﬂqﬂ'"luiqﬁ'utmﬁvm‘lﬁ'ﬁ'wﬂﬁmmu‘ﬁaanmmsﬁmszumaq
o - M LYY 9 A o da @ .
mnsinema lnonnsarugu laevia lindouldmedinfadInuoqadu ( Pulse Width
Modulation ) 138 PWM Hundnlasudnnisves PWM awisonitldaesdnynzie Tnua

AAUIINLIIAY Lag THUARIUANTINNT SIS

2ssMnuMshnuiadIauegady

WesATUAUMIRIIIY PWM TiTuilsnenesianuamsizaes PWM fog
smhilumsdaiadlnssduldgunsalfimifiaindahnsinns e niongmi
nssuadygnaiadylaunisionlaoiinsusuanunhavesiad ﬁamuqmmﬁmmﬁww
"lﬁ'mﬂﬂ?aﬁ'aumu"lﬂél"miﬂuﬁmm?;mﬁua:ﬁmﬁusn1wqa°lumsmvﬂmmzi”nmszﬁ'mm
fueiym  dannamailaPwM doueenuuuiiiieessan (Integrated Circuit ) Tauifuns
s iddildlunsauguldus wesisesuoundinions( Eror Amplifir ),
Wataey ( Flip-Flop ), ABuwusiAas ( Comparator ), 0aFaIames ( Oscillator ), ADTITUNA
ﬁﬂéﬂ ( Current Limitting ) L‘flw’fu

v
MIRIUNUT WY PWM

S o Y o

4 A ] P e
Hugumsinuees PWM 03Ut 2.26 2eesiesisesuomianaiuesy Snihis

a Y [y 4 K ° LYY < o
Yo mnnIzALsIRLnneTiYnvamaso i dunuSeudioududy v, fidmuall

[ L L4 . a v e
udnhmsvoodannaueeises( Emor Signal nneoisesieunanatsensiudyauity

- a L4 4 as o et 9 ar (!
109y ( Saw Tooth ) ﬂ’lﬂ@ﬂﬂmﬁlﬁlﬂﬂilﬂ'\ﬂwﬂ‘U'lﬂﬁfgiy'lﬂnlfﬂlﬂ?ﬂ')‘wﬂilﬂ?WNﬂQTQﬂJE]QWﬁﬁ‘UU

as <

g UdY NI DT

u



R

-t

29

>._ Channal A
. Error Signal |
Vref .
| Amp k
l / / Channal B
o
Feedback signal AM I
F/F

q

osc

Eﬂﬁ 2.26 RITIIWVDIMIAIURUUUY PWM

110317 2.26 299sWAtnaolfiny S udyanu ( Saw Tooth )0 1nvoaFalames 11U
nmsmsasudanlfouduauniiinndde 1 uouna ( And Gate ) Tvinsdunemmalu
1 [y 4 a VoW v da ::‘ s
uaasdy  Feazlodaeiedu 180 vem uasamnsoulasnnunisveanadaid liAa ( Duty
(Y v ‘ o [ L4 Y s i ] ' a y
Cycle ) 1R Taudn Tudidmunnas szAuus WL IMYY f’fmsaﬂummw*gmﬂm v,m A
Ay a é’ " [y 4 1 @ ot a e Ay
lodasziiniy uadodussduemyngand v, 2993 PWM wzdiumdai lmfaldan
u‘: < o [ @ 7 8/ U
a3 antulsmisasneissAuussrueniyn iaei 14
A L4 4 a ' o
1ngdfl 226 wiynnneasesiennanmeilumsvwANumnA BTy
floundy (Feedback Signal ) iy ¥, Tnviidnuazndumiasy 180 ssmiudygatoundy
P < [3 v Y L8 a4 a 43’ a1 oo v At .
afFsunsussildanunhsvsaemiyiiswiniu  lussdismdyonailounduliadi
1 [ @ W 1 ' ° 4
v, lunmenduiuddggrateunduiingand v silfieniynanunts
4 a o °
AouwIsIResIBUNANa1ueei InunNwnasumsaamunistins e AW30

- = I's : a
Avsanldnngii 2.27 uaasnnuninvessninnvesnsimisuinesueunanainiees

SN



-

30

out

: & é s L
U7 2.27 mudgapaueninn Fuiluwannmsuequadyanatioundy

0% SG3524

[~ a a a - 4 a 9/ '
l'lJ'H'Nﬂii']llﬂﬁ'm'lﬁﬂﬂaﬂﬂ'l’lllﬂﬂs‘lﬂ “'INi)zfﬂlniﬂiﬂilminﬂ']']ﬁﬂqﬂiﬂmﬂﬂ
LY o o ) = a ¢ o 1 {
Aaduniu R uazaaduszy C i 6 uaz 7 veeledawddy aunsamiAinug

a ar =y & a0 g t a4 a a
‘U'ENfﬂiE]S’s’f‘]ﬂaﬂ"lﬁlmﬂﬂNﬂ'ﬁﬂQu FUAUUUAOUNIVOIAIINDAINTS

115 o)
= RICI .
dle R, Gnwmdeldavegsznin 1.8 & 100 Alalevu
c, finundoldavegsznin 0.001 &4 0.1 lulasvhia

a ¢ a ¢ o ¥
1ngUH 2.28 2easivoesUBNNANAIWIBDS szagvt 1 uaz 2 Tums T 1 iy
L
V1BUDTAY ( Inverting )
o @ 1ol [ o Qs o a
HvIfanssuaegi 1 4 oz 5 uazlidnyaizamisiinuadiofueeisosuoundy
o 1 9/ ' -t
aueed  Tumsdeldauzuaasludiuvesmseonuuy Taeflivt 4 uag 5 15
a e{ay a Jﬁy °o_
VIBUIBIA LT UBUBUIIDIAY ( Non -Inverting ) AR
- o L4 4 - 4 a Y
171 10 1129955001217 ( Shutdown ) Fafl e 19993 PWM ngavhausiud
4 . '
Faansavh 14 Tasmstlou T i 10
1ifi 16 Whivussiunsd e i v,

1 11,12, 13 uaz 14 Sunilflunsdumnesuemraidosnisti 119y

2NVIAINF



= —

m m m

B ]

31

Block and Connection Diagrams

apsemence N

"
. ecutatee I I Vees
v
: veraa
et d rargsaay cicustar
(angn -
e
f
B INT Omme =
'
SR Y SRS S
f
< statt

€3 O—‘
=

Cual-in-Line Package

-/

wesniy & 1 e
st 34 o

253 l"\.l—-l

'
« L t1ASE - !

._J '&

v
f "
3w
— _ﬂ_.rL sTLLares
escteaian J Satrar
L

13
e { I CTEA §

P CIILECTER

§ h)
L STNSL e — 231027380

i 1

Te e Pt TTIR &
M 14

e — [ $=uizamw
t 1

3Qe— F— CZWARLLTION
isrwiim

Ordar Number LM1522), L2524
or LMZIE240 -
See NS Psckage JiEA

Gedar Number LATS2IN
or LIAZE2IN
Sae NS Packsga NIEA

—-Q. JarisTna

i
= '1—\-; LorrTem A
’——] i zisans
l

517 2.28 uden laezunsuusaled sG3s24



32

uni 3
A1SANYIATNIBBANUY
3.1 MITNINIHYDI99I

o L4 o Q'l o d’ ﬂle' é ° Y
MINNIUYBINTT ABUNBSIABS 1Aen 9 lisinuianuddidesi i iivuiave

P oA g P Y @ o w ) o o o o P
s ngilsaninviioudasfiosld fadinsiaunld adadanmineidwwatedaauise
3 1 ar 9 - 9 Py aa
amjmmlaawuauﬂmae“lf’{mmmzﬂ:mﬂﬂamsnsamfyaunm‘lmsuu"lmmummnmmnw

: L4 1 4
79 Tasuaamudansiien Al lasanuiliddegUiuaadail

2 . High Voltage

: { Dc to AC itchi
+220 Vac :> 12 Vde : Switching Transformer
i Convertor

step up to 20 KVp-p

P
P

- e RT ITe Dhde e e ToiEo

Battery

ERPET I Y ¥ P

wilrds -

f e

i

v 14
1U9 3.1 iwurauaasnisti Tnssnuianua

Nng1lfi 3. 19zumnemsthnuveslaseau Ranua Tasszuviafiu 2 dau fo

1) dau winFaudrerraus i # 100 v A 15 - 30 kiiz Taou Wain wumaeiiz
v n3e IWnszueady 220 v 50 Hz §150' W AC 220 V 50 Hz szdeafinisuilas uss
suldanaands 12 v seuud s ainnaias

2. )e U UNITAVUTIAU( Step Up)ain'lW AC 0 - 100 V ALl 15 - 30 kHz Tas wile

- w mm = ™

utas  anudguilu 0-20kvp-p AN 15-30 kHz




mosﬁmoioccﬁé? E_qméarvwgnm.mm?m

h'.

nz

:.w.,J:

i3

33

:_

S

>N_...

nﬁ.ﬁ—:

_Am

Q_M

&\.

h-:-.._-:.:.!.mﬁ_?r.a._. C:r




34

oh-shrnncawicatinaueesefit ¢ Wit
» » =
i

.
-
)

AN

A

s1 *l
b < T +o 7o~ cEW
7 ]
6F0r1 OW £3A

90l
S
I3 =
' L 9 z 6
’ € s i
R 3]
<] _
: w 9
ot 6 |
4] +ISEOS
A 121 MO LS NS
" b4

ATI+
PECAT
€1
A AZL+ o—d —
e l-—
tovl O
? t 6rovt O ATI+
sl
IAl.l n_xw
v s =

¢ %
1 . SOBLINT U
0 ’ AN AT+
A‘ A A YHA
al 6

III—W%\,
0
A
S
\L
/1
o
3
I
—
5
I
e




€€ UMt utoewesse ve Uik

35

*

Jsuuojsuen a3eijoa gy

o
w0z
gl
IN
Mﬁﬁ
; @_ )
90 50

:M I T

d-dAY oz

- w:m




oy

36

Yaquazevnsainly
Ry Ry Ry R Ry Ryg Ry RygRyy Ry

1 o
10KQ Zw 5% 10en

1 "
100KQ -4'W 5% 267

R, Ry =
1 o
R, = 12KQ i 5% 1a
1 o
R, = 68KQ W% 1M
1 v
R, : = 1 KQ i 5% 1a7
1 9
R, R, - = 500Q 7 5% 2
. 1 v
R, . = 1L5KQ 2V 5% 1
1 v
R;; Ry Ry Ry, = 100Q 7V 5% 4917

IN4148 767

D, D, D, D, D, D,

C, = 100ULF 25V Banlnslad 167
C,C, C G, = 0.ILLF 50V 3730 4 A7

C, = 0.001LF 100V Twdieaines 141
C, = 22F 10V Sianlaslad 12

C, = 2200UF 25V Bianlaslad 1/

IC, = SG3524 1 a3

IC, = LM358 1 a7

IC, = LM334 )

IC, = LM?7805 !

Q, = BCs4T 1 6

Q, = BD682 1 a7
QQ Qs = IRFZ40 4
VR, = anudunulius 1A rimpod 470 Q
VR, = anudumudium 1 timpod 4.7k Q
VR, = anudumudiua1a 50k Q
VR, = anudumudiuaila 500k 2

L, = vannlFUAUNDIDUATUTRB 24x14x8



37

ZD, ZD, = Fuoilalen 30V 2
unuiWesls@  EE 55 = 1 unu
unuies s EE 80/44 = 1 uny

v
AIMDINIIONUOT SWG #15 , #22 Lay 444



38

3.205U18N15NINUYBIIDT
LY ° [4 7 ot 8 - P [ a
nandnmshauvessnsunesmesiuuny-yaf Wes e lhidaludunquy  in
ia 3 o g o v da o ¢ )
sl Insenuiifiumstiuemynen ledwadIntueqgianes ( Pulse - Width Modulate
) 1wod SG 3524 umimdhindannuiadadaieaiuguaisiniuesedma (Q, - Q) laull
4 o o o o = d aaa L4 o
IC ( MC 14049 ) 33 815 - WadW (R - pull up ) MUugABNWALUNNI DNAMBWBA lalDT
a J . o 4 LY Y L4
WannsaaInd14an lsvimu( Rise time Moo dimbwidludduuazdiuivivesBuffer)
3 - ° & ] i a a [
anudseadaan aunsodmualdlae VR, uar C, guiluasuriweiniudaiag ©m
= : Yy o 4 qy ¢ o - u s
wnen IC , NasundasetiuduneMemynyhaunuuys-wanesivwives MC 14049
o’: o o’ o 4 [ Y e s
w4 2 A2 TRvuunm 4 43 dhdedu e liifsamedumsduveamaiininesuemna Q,
e b e g ’ 4 S o
Q,, Q, uay Q, Taldlimsvuududaz 2 & e ldmunszua ldgediuuazidaduniu 100
[ 4 a o o o St t ]

Q wsninnnanuiiieadad ldndoutu dmsulaloauasdivesidesysenitavunauay
vuasuliPiiie Q, uaz Q, sxardumsinu wetwnszualdunvaaia lwsuisvemdouas
1 t o Qs ar d‘& = 9 ? [ [ &
Tawazderundaam lddsdumsuarigalismausougenisihmsamldwuswuldge

! 4 d o w ' 4 4 o - 9
Juofsziwswrunldlilddeld  Fuledwndeulasdusnuudzlusdulszun
100 V A8 15 - 30 Hz
&5y IC 13 LM 324 Hanvhiiasagaimgiiviams ey IC 211 (LM 358 ) iedia
o q ) i { 3 A a Led [} L] o
M5W19MYB4 IC, ( SG 3524 ) illogampiiqenitiiae 13Fed VR, Wudadinua dauIc 212 %
d‘ el o 4 il d‘ s Q‘ r o é o
mihnaan1sheY WousuvoUIUAREINTBUSIAUNIIAI input AR MuUaFimua
Tny VR A udlszy c, wazlalen D, fineayfint 9 ¥ee SG 3524 Hmdhiidlulsesaenna
o A A 9/ ° 1 [] Y o
amimieisuAumshauvenssuuussuiluney i madwnsudaned Q, uaz Q, Wi
waugumshinulasswdni dmhadadansiousensesimumsdaiald 12
o ' o
Taavi TasasannuuamessFadoeiunszuangann
o & A o ' o a 4 e
m3dFudeanuavees luTassnuesinuaraansiui 15 - 30 kHz ¥y
149 VR, maiemsSsannsodfuanudligenh 30 kiz Tdwsizmsesaunuiiie 13 uala
(R [] b4 ' N
AlTunaRAInT 15 kHz Tumsimdeulas Taefl VR, szdadseghan 6 ves IC SG
} 4
3524 duMsUSuae Voltage -veesisiannsoild lasmsasuquaisiinuvessdagu
. - o J Qs s =t 1 ] 1
Pulse - Width Modulation Iasmsadndyanudeiidnyaziiuuseinvasslimegsznin (o0
é 'ﬁ l' a L4 c;
-5 V) Fea$1997n IC LM 7805 uaz VR, inaegfivt 9 ves SG 3524 udnidayanui 1ddleu

Yy Py P} . A Y =% Y ) P 9 o
UMY 9 139 U1 compensation YD§ SG 3524 l‘Wﬂu‘]ﬂJ'ﬂ’]ﬁUUlﬂUUﬂUﬁiyﬂJ'lm'ﬂﬁi'NTl'lﬂ CTn

-



39

:; o 4 é °
1 7 AiganlIsufiou( Comparator ) 1 IC SG 3524 Fsez Tlmaugumninszuauswsama
ae 1

3.3 N199BNUUUNIINITHINY

3.3.1 88ALULAILNITNINU AN HAZIUTIAY

] [ ¥
Amuanamdlfauegludiuaimd 15-30 kiz nSegeniniu
2x115

RC,

i1 C Imldnuegsendne 0,001 UF 89 0.1 YF iflon 0.01 UF  Aamaudadad

INAUNT L~

9N 15 kHz

R = 2x115
*15x107 x001x107¢
=15k02
Anfinadaiae = 30 kiiz
2x115
R = 30%107 x001x 10
=7.6kQ2

dufu g nmuilifudnliunnd®, yezidenldmieglugas 7-15 Q) Taaiden
IFmdadmuysuald (0-30 kXQ ) mixi"ia‘ld’f'ﬂuﬂ?a‘himsﬂ%’uiﬁ'ﬁmamé’mmuth
15 KQ mswazildaandlunsadasei Swedlusuase funfemladld

fmuatananinszuagagavewena 910

by = 04T

AT N T = ——5
15x10

= 66x10” Ui
fragoy = 0-4 X 66 x10°
=26.4x10° 3
mydiuhamessdivldTasldessngamesdegii 3.5 udnidgaunldlibi

nsnfSoudsufudygrugloumdousin ¢, iemuguninhnszuaveusaia



40

i N 2

Vin -5V = [ W gotopin9of

VR 5G3524

AYA A ’
) I
[ [ &
. -
f :

4 7 A ]
17 3.5 2es hamusngamesie ldmiuguastinssuave swoamn
anvasvemInSoufsussnhauswunnasngairefunsdyauaumaouse iidnuae
e qUnse

4
2
=

-
£
o)
-
=
=
DA,
=
o
<D
pus]
2
@)
-

ANBULAIT Modulate YBITYQ 10
- < ' @ g o o a
U7 3.6 MmanfTeumsuseniaussiunnsagsmeSas dyanamumaon

332 diuvsandemlasaings

nndedmualdaunsdinnd 500 Jad uazanudlFauegluri 1530 kHz 1hariids
e { - % 4 &
Ifhewiyniosanudildou TuRnsadenunuveslsannmsed 2.2 Ssaunsaden

unrines sAuuy EE 55/55A Tae19as Ferromagnetic ¥iin H4s



41

nndedmualiaunsaiend 500 Jad uazarmdlFaueglugas 1530 kiz thedids

v v - ' é
Tiftueniynuazaswdfildou hifssaudsoununledlsdenaised 2.2 Ssaunsuden
unuides 1sAuuy EE 55/55A Taul%a1s Ferromagnetic %ila H45

AmuasIuseuAgugii N,

(Vm(min) ~Vps) X t,, % 10*

NAUNMT (24 N
( ) ’ Bml.xAc
i ABm = 0.2 maal
Vo= 12 1204
Vds =1 I'Jﬁﬁ
oy = 264 x 107 3U#0
A, = 353 mm’
v ! -6 04
unusivz 14 N = 12x264x2x10° x1
- 02 %353
= 938U

@endususeuduilgugil wiiu 9 seu

-

SausBUA YAl
' N _ V ainy =V Dscsary) X Longeany

P
INANNIT (2.3) N, T
Ve +V)(5)

v, =12 Taad
ﬁ V.=1 Tiad
? oony = 264 x 107 3010
V. =100 Taad
‘ T =33x10"°
_100x7x33x107°

ST 12x264x107°
=729 =73 394

b4
Aviu @endIumiaduyAonil iy 73 seu

snszue Ifhgaqanudwalgugd 1

NAUNT (2.9)

I 4

I = £ xT | Voin =V) Xt
Do S 7 /| N O S L



42

' = ) 9 a 4 o A
mmummmqmuﬂguqu Lp 149 lg zﬂumamm
2 -3
_4m N x10

L
14 lg
unua = 4T x 3.5x7x10°0.1
= 0.22x10° Henry
cnn & It
Po =500 3691

T =66 WITUIUM

=08
! oy = 264 x 107 U
v 2 500x 66 x107° 12x264x10°°
AU [( ak) =[ =1+[ =3
p(pe 2x08x12%x264x10 022 %10
= 66.44 A.

o - &

ihenszua ihgegadudsugd  lilnBsufsumvinaveannesusaragaey
¥ mnesuemmaes IRFZ40 13y 4 @ Tasusnidlu 2 e dsvinufugaaz 2 #2 e
Taunsonunszuagagald

3.2.3 MIAMUAYUIAYBIVARIAN 1R UnTIBLLaY

wenvuIavesvaaInllgugl
L = Togpeary X \/5
ifi® D fi9 M1 duty cycle

nn I = 6644 A.
D =04
I oy = 6644 x 0.4
= 42A.

AMUAA UM UMUUYBINTLUA IOV 4 A. ABAIT I ADIUAST

¥ []
o

fiundeanisndeugiiviiny 474 = 105 msndadnms
»
aulu enlduanda e SWGIS
FenuiavanIadunAugil
Ly =5x+/04 =324
b4 ]
dntu denlfvamiawed swa22 udaiuaudtnsiuawnldnanuuda ludaungui
3.4 dauysanisulasniang
9/ o _as ° a [y . o
wieuasmdsssyimsudassduilszanu200vpp Tuiduuseduving 20kvpp #

d' 1 o o o -} ar S/ - A'
AIMNIENINIS-30kHz  MsduIsnIIsanuuusshanyusamnnunlsnasadags msiz



43

Wumsesnuuyiinnuiguswdentu udedivnalngnd mswdandvessnausey
vaaduadasziivuiagann dszutar 1:100 i v l#deudenunuminuuia EE 80/44k Tag
1%a7s Ferromagnetic YU H45

msfmuasauseudulgugll Np
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) = 264107 JUdl
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maﬂmmusanmuﬂgugu 100 38U
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v, =20000 Toad
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*~100x 264 x2 x 107
=11750
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2V, x to Lp
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4 lg
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= (.0782 Henry

Pout = 500 ’?fﬂﬁ

n =038

Aatiu  Ip=[ (500x66x10°)/(2x0.8x100x26.4x10 *)+{(100x26.4x10 )/0.0782]

7.8125+0.0337

7.8462 A
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V=10 V/DIV. T =20uS/DIV Probe x1

= & v 4 )
11U 42 sUaduuTsRUNVIATU-BTA(V )

V = 100V/DIV. T = 20uS/DIV. " Probe x1

= y v g P = 1w
;U 43 jUadauussAm@MyNiaNud A 15 kHz
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V =100 V/DIV. T =20uS/DIV. Probe x1

= y LY d = a 1 o
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HAN1INARRITINT 2 NaasuomszAninmuaziidvesiees

mwﬁ(kHz) | Voutput) .
15 3.2 48 5 1.77 3.13 6.52
15 12 8.5 102 10 3.54 1253 | 123
10 13 130 16 5.66 32.04 | 24.65
10 15 150 20 7.07 50 3333
15 35 52.5 5 .77 3.13 5.96
20 13 7 91 10 3.54 1253 | 13.77
12 13 156 16 5.66 32.04 20.54
10 15 150 20 7.07 50 33.33
14.5 35 50.5 5 L77 3.13 6.20
25 12.5 8.2 102.5 10 3.54 12.53 12.22
11 12 132 16 5.66 3204 | 2427
10 14 140 20 7.07 50 35.71
15 2.8 42 5 1.77 313 | 745
30 12.5 8.2 102.5 10 3.54 1253 | 1222
11 11.6 127.5 14 4.95 24.5 19.12

AN 4.1 A1snaae Tvaa 100 k€ 10 watt $1U2U 10 &2
Py, =Vaxl,
ey, =039,

. V?
Pa/p =T

P
%eff =—2 x 100%

ilp

=g NI Y, fesanengy 4.16Tagnen

2 7' 2t 1 2 TV sin ﬁs—anf—zjsinna)tdt+£7TJ02V L Llsin
Vo =— J' Vp(——+—]sinna;tdt+—j ? 5 6 T 5, \T 4
r 0 T 6 Truz
2 X 6 T
+ — V sin[——wt—-—jsin notdt
T7TJ;12 ? 5 6
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_{ i ’ f (HZ)
15 20 25
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= 15Vdc
e fome { J Pilp(watt)
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V=1000V/DIV T=20LS/DIV Probe x1

U1 4.10 useRueMiymianasaunNuAINIL 100kS2 A 2kVp-p 15kHz

V=1000V/DIV T=20LS/DIV Probe x1

309 4.11 usadwemyniianaseuauaunu 100kEY M 1kVp-p 15kHz
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V=1000V/DIV T=20JLS/DIV Probe x1

= @ ¢ a ' a
JUn 4.12 usaﬂwamwmmﬂmaummﬁmmu 100k€2 91 2kVp-p 20kHz

V=1000V/DIV T=20LLS/DIV Probe x1

U1 413 usafueniYNAiAnAToNANAIUMY 100k€2 91 1kVp-p 20kHz



V=1000V/DIV T=20US/DIV Probe x1

21 @ ' = 1 - = = e
U1 4.14 usafmevMRAnAToNAMAUMIY 100kE2 fi 2kVp-p 25kHz

V=1000V/DIV T=20LS/DIV Probe x1

U7 4.15 ussiueinniianaseunudumiu 100kC2 # 1kVp-p 25kHz
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V=1000V/DIV T=20LS/DIV Probe x1

< a 4 = [ o
‘iljﬂ 4.16 u.smwamnmmaﬂﬁawmwﬁmmu IOOkQ N 2kVp-p 30kHz

V=1000V/DIV T=20US/DIV Probe x1

3417 ussdueninmiianasouanuduniu 100k i 2kVp-p 15kHz
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Vaoload ~ Vullload x100%.

Voltage Regulation =
Vnoload
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é t oy ¥ a . o =\ o
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- aufiodizy

kV

ms

7.8 34.57
78 3042 | 29.82
15 13 9.5 123.5 20 7.8 3042 | 2463
i1 3 33 10 3.9 7605 | 23.04
12 3.5 ) 10 39 7605 | 18.11
13 4 52 10 3.9 7.605 | 14.625
11 7 77 20 7.3 3042 | 395
12 8 96 20 7.8 3042 | 31.69
20 13 9 117 20 7.8 30.42 26
1 2.5 27.5 10 3.9 7.605 | 27.65
12 3 36 10 3.9 7.605 | 21.125
13 3.5 45.5 10 3.9 7605 | 1671
11 8 88 20 7.8 3042 | 3454
12 8.5 102 20 7.8 3042 | 29.82
25 13 8 104 20 78 3042 | 2925
11 3 33 10 3.9 7.605 | 23.04
12 3 36 10 39 7.605 | 21.125
13 3.5 45.5 10 3.9 7.605 | 16.71
11 7.5 82.5 20 7.8 3042 | 3687
12 8.5 102 20 7.8 3042 | 2182
30 13 9 117 20 7.8 30.42 26
1 3 33 10 3.9 7.605 | 23.04
12 3 36 10 3.9 7605 | 21.125
13 3.5 45.5 10 3.9 7.605 | 1671

a7t 42 mamaassunnizliTven anmdnmmn 2MQ )iimanudinag
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11 22 242 15 5.85
12 2 | 264 16 6.24 194.6 77.7
15 13 25 325 16 6.24 194.6 60
11 14.5 159.5 10 39 76.05 43
12 14 168 10 3.9 76.05 453
13 13 169 10 39 76.05 45
11 20 220 15 5.85 171.1 77.8
12 20 240 15 5.85 171.1 71.3
20 13 22 286 16 6.24 194.6 68
11 12.5 137.5 10 3.9 76.05 55.3
12 12 144 10 3.9 76.05 52.8
13 12 156 10 3.9 76.05 | 48.75
11 19 209 15 5.85 171.1 81.9
12 18 216 15 5.85 171.1 79.2
25 13 20 260 15 5.85 171.1 65.8
11 12.5 137.5 10 39 76.05 55.3
12 12 144 10 39 76.05 52.8
13 11 143 10 39 76.05 532
11 19 209 15 5.85 1711 81.9
12 18 216 15 5.85 171.1 79.2
30 - 13 20 260 15 5.85 171.1 65.8
11 12 132 10 3.9 76.05 57.6
12 11.5 138 10 3.9 76.05 55.1
13 11 143 10 3.9 76.05 53.1

AT 43 mananesiinadnmin 200 KQfiMAEMaY




60
nndeyanna1snd 4.2 uag 4.3 dmm hawvsngadu

|4

-V
nol Juload 1 0%

i

% Voltage Regulation

Vnoload

f1 Voltage Regulation Aitisavusunn 12 Tradfini il

i 4 ) 20-16

NnANUG 15kHz % Voltage Regulation = 0% 100% = 20%
< 4 . 20-15 '
NANUN20kHz % Voltage Regulation = 20 % 100% = 25%
4 4 : 20-15

N AN 25kHz % Voltage Regulation = G 100% = 25%
4 c; , 20-15

N ANNN 30kHz % Voltage Regulation = Py 100% = 25%

1 Voltage Regulation fisesfuduvn 13 Taadaanuddie
4 i ) 20-16
N AN 1I5kHz % Voltage Regulation = 0% 100% = 20%

< 4 : 20-15 ’

NaMud20kHz % Voltage Regulation = S X 100% = 25%

< < ) . 20-15

NANUN25kHz % Voltage Regulation = 20X 100% = 25%
20-15

#a08 30kHz % Voltage Regulation = x100% = 25%

20
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TECHNICAL DATA

IRFZ40

Power Field Effect Transistors IRFZ42

N-Channel Enhancement-Mode
Silicomr Gate TMOS

These TMCS Power FETs are cesigned for low voltage, TMOS POWER FETs
high speed power switching apolications such as switching 46 and 51 AMPERES
regulators, converters, solenoid and refay drivers. DS{on) = 0.028 OHM
& Silicon Gate for Fast Switehing Speeds . 50 VOLTS
® Low rpSign) to Minimize On-Losses TMOS 'DS(on) = 0.035 OHM
¢ Rugged — SOA is Power Dissipation Limited
¢ Source-to-Drain Diode Characterized for Use With

Inductive Loads '

- CASE 221A.04

TO-220A8
MAXIMUM RATINGS
% ' ! Device I
Rating i Symbol ; J Unit
! | RF2e0 | iRF2e2 |
| Oran-Source Voitage voss i 0 ! Vde ;
, dran-Gate outage tRgg = 1 M0 ! YDGA <0 i Wde
LGM:-Scurce Yoltage VGs ; =0 ' Vde
Orain Current — Conttnuous @ Tg = 25°C ¢ o 31 ' <6 Adc
— Conunuous @ Te = 160°C i 2 2 b
— Pulsea @ T¢ = 25°C i Iom 160 l 145
Total Power Sissivation @ Te = 25'C | 7D 125 Wacas
Oerate 3bove 25°C | 1 wrc
L Operaung ana Storage Temperature Range X T3 Tstg ~-35t0 150 | R
THERMAL CHARACTERISTICS
Thermat Resistance ~~ Junction to Case H Reyc 1 ‘ow
— Junction to Amoient ! Rgya 62.5
Maxnnum Lead Temperature for Soldering Purposes. i T 00 o
1.8 from Case for S Seconds !

See the MTPSONGSE Designers Data Sheet for a comotete sat of design curves {or these davicey,

MOTOROLA TMOS POWER MOSFET DATA

3-169



IRFZ40,42

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

[ Charactaristic [ Symbol T Min | Maz ! Unit
OFF CHARACTERISTICS
Orain-Source Breakdown Voitags (VGs = 0.1 = 0.25 mA) VIBRIDSS 59 ! — | Vee
Zero Gate Voitage Drain Currant lpss mAce
{Vps = Rated Vpgg, Vgs = 0) - 22
{Vps = 0.8 Rated VDgs, Vgs = 0. Ty = 125'C) - 1
Gate-Body Leaksge Current, Forward (VGs7 = 20 Vde. Vpg = O) IGSSF - 10 1 nAce
Gate-Body Leakage Current, Reverse (Vgsp = 20 Vec, Vpg = 0) ! lgssr | - 100 | nAce
ON CHARACTERISTICS®
Gate Threshold Voltage (Vpg = Vgs, !p = 0.25 mA) vGsine 2 4 | Vee
Static Drain-Source On-Resistance 1AFZ2¢0 DSicn) - 9.028 l Ohm
VGs = 10 Vde. I = 29 Ace) 1AF242 - 0.035
On-State Drain Current (VGs = 10 V) 10(on) Ace
(Vos > 1.4 Vde) 'RFZ20 ] -
{(Vps » 1.6 Vdo) IRFZ42 , 45 -~
Forward Transconductance GFS mhcs
Vps » 1.4 V. Ig = 29 A) 'RFZ40 17 -
(Vps » 1.6V, Ip = 29 A) IRFZ42 17 -
DYNAMIC CHARACTERISTICS
r input Capacitance i [ Ciss l - T 3000 ; of
Npg = 25V.Vgg = O ! }
| Outout Capacitance ! = It A0 & \ Coss | - | 100 |
| Peverse Transfer Cacacitance . Cres | = ' <00 i
SWITCHING CHARACTERISTICS®
lr Turn-On Oelay Time i o ldiom 5 - | I J 0s
l Rise Time | Npp » 25 V. lp = 29 fox. ty | . | 20
| Turn-OH Delay Time | Rzen = Ohms) Wlor | - | 70
! Fall Time i i i ; - i P
Total Gate Charge | ! Q, | e0rver | &0 ! nC
N Vps = 0.8 Rated Vpss. i N C 1
Gate-Source Charge VGS = 10Vac. Ip = Aatealy) | Qqs P24ty | !
Gate-Orain Charge | Qgo R RULI - !
SQURCE-DRAIN DIOBE CHARACTERISTICS®
. ! T ()
Forward Qn-Veltage g~ Baitd (8. Vsp | 13iTvel | 2.2 | vde
Forward Turn-On Time Vgs = 0 ton ! Limited by stray inductance
Reverse Racovery Time tee | 350 {Typi l —_ i ns
*Putsa Test: Pulse Width < 300 us. Outy Cycie < 2%,
(1) Add 0.3 V for tRFZ40.
F_B e CASE 221A-04
e TO-22048 T — e
—_— ’ —— B =
i_l i T s T T T o
s | Yoo ™4 o )
o =L = hi S
S PO R A s i y
7 st A AT s e
| J « : 3 m_.g__x
) -x.—l 1 :"',:3:2;.?3"
h o _-i ——* %nwn— : ‘ i .53,
V g e — ) T g o .‘. 2 .
G-—u—' d 1 Dot NGO SO - Frrrt - f: il :‘
N 1 O I 2UAEY & Zodt et Mo DXV il T
e 0 e - s [ TS - NN I
—
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LM134/1.M234/LM334

National
Semiconductor
Corporation

LM134/LM234/LM334

3-Terminal Adjustable Current Sources

General Description

The LM134/LM234/LM334 are J-termunal adjustabla cur-
rant sourses featuang 10.0C0:1 range n operating current,
2xceilent current regulation and a wide dynamuc voltage
range of 'V 10 40V, Current .s establisned with one external
resistor and no other cans are required. Imtal current accu-
racy is =3%. The LM1334/LM224/LM334 are true.floaticrg
current scurces with no saparaie power supply connecticns.
'n agdiuca, reverse apghed voltages of up to 20V will draw
oniy a tew cozen microamgperes of current, atlowing the ce-
«#ces {0 act as totn a fecufier ang current source 1n AT
applicatons.

The sens2 voltage usaq 10 @siaclish oceraiing currentin 2
LM134 s 3¢ mY at 25°C anc s Cirectly pregerional to anso-
iyte tempseraiure (K). The simplest one external rasisior
connectian, ren, generates a current with = -0,33%/°C
temgeraiure cesencence. Zero ¢nit operaton can be co-
tained By acaing one 8xtra resistor ang a ciode.
Aoplicaicns 'Cr ine new Jurrent scurces inciuge bias rst-
'wQrks, sLrG2 protaclion, «Ow gower reference, ramo genera-
non, LEC dnver, and temoeralure sensing. The LM134.-3/

124234.3 and LM134.6/1.04234-8 are spacified as true tem-
cerature sensors with guaranteed inial accuracy of =3°C
and =6°C, rescectively. These cevices are «deal in remote
sense appiications because senes resistance in 1ong wire
runs does not affect accuracy. in adciton, only 2 wires e
requred.

The LM134 is guaranieed over a lempgerature range of
~-55*C to —125'C, the LM234 from —-25°C to - 100°C and
the LM334 trom 0°C to - 70°C. These cewvices are avaiabla
in 7C-46 hermetic, TO-92 and SO-8 plastc packages.

Features

& Operates irom 1V to 40V

u 0.02%/V current regulation

u P-ogrammaple from ' zA lo 10 mA

» True 2-terminal operauon

® Avaiatle as fully soeciiec temoerature senscr
¥ = 3% imual accuracy

Connection Diagrams

S0-8
Surtace Mount Package

~C v NC
s {7 Is |5

[N CEEE
R \a \a v*
TUH/569724
Order Number LM334M
See NS Package Number MOSA

Typical Application

TO-46
Metat Can Package

Bottom View
Pin 313 eleccally connected (o casa.
QOrder Number LM134H, LM134H-3,
LM134H-6, LM234H, LM234H-3,
LM234H-6, or LM334H
See NS Package Number HO3H

T0-92
Plastic Package

v*T /& v~

TUH/5697-10
Bottom View
TUHILE9T-12
Order Number LM334Z, LM234Z-3
or LM2342Z-5
See NS Package Number Z03A

Basic 2-Terminal Current Source
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Absolute Maximum Ratings

It Milltary/Aerospace specitied devices are required,
contact the National Semiconductor Sales Ofice/
Oistnbutors for availability and specifications.

v~ 1o V™ Forward Voltage

LM134/LM234 a0V
LM334/IM134.3/LM134-6/104234-3/LM234.5 3ov
V7 to V™ Reverse Voltage 20v
RPinto V™ Voltage 5V
Set Current 10 mA

Power Dissipation 400 mw

Electrical Characteristics (Notw 1)

Cperating Temperature Range (Note <)

LM134/LM134-3/L 1345 =35Clo - 125'C
LM234/LM234.3/1.4224-5 -23'Cto ~100C
LM334 9°Cto -70C
Soldenng Informaucn
TO-5$2 Package (10 sac.) 260°C
TO-46 Package (10 sec.) 300°C
SO Package
Vaoor Phase (60 sec.) 215'C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Therr Efect
on Product Reliabidity” {Appendix D) for other methods i
soldering surface mouat cevices.

LM134/LM234

Parameter Conditions - LM334 . Units
. Min | Typ | Max Min | Typ Max
Set Current Error, V™ = 2.5V, 10 uASIger<t mA 3 8§ %
{Note 2} 1 MA<IgzT<S mA 5 l 8 =
2 uASlgeT<i0 uA ) 2 .,
Ratio of Set Current to ; 100 pASlgzr< T mA 18 23 | 14 18 | 26 l
V7 Current ' 1 mAglgzTSSmA 14 : E |
| 2 uA<igersi00 ua 13 23 18 26 |
Mintmum Cperating Veitage | 2uA<igeTS 100 A 0.8 f 0.8 ! v
[ 100 uA<lgzr <1 mA 0.9 ! 09 Y
I MA<IgzT<SmMA 1.0 - 1.9 v
Average Change in Set Current 2 pASigeTS I MA }
with input Voltage 1.3<V 7 g8V 0.02 0.05 l 0.02 0.1 *arV
' 3VgV T cagy 0.0t 0.03 i 0.01 0.05 iV
| 1mA<igzrssmA
1.5VEVgay 0.03 | 0.c3 F v
‘ 5VSVgaov 0.02 i 0.02 &%V
Temperature Oependence of 25 pALIgeTS I MA 0.96T T 1.04T i 0.96T T 1,047
Set Current (Note 3) i
Effective Shunt Capacitance 15 ! l 13 [+

Mot 1; Unitess otherwisa specified, tests are pertormed at T, = 25°C with putse testng so Nat uNCHoN lamoenatore Soes nat change Junng test

Note 2 Set current is the current flowng into the v ~ Sin. Itis cetermmuned by the foliowing lomula: Iz = 57.7 MVIRsZT (@ 25°C). Set Zarent amor s expressec 1s

2 parcent dewiaton from this amount. IgeT ncreasas at 0.336%/~C 3 Ty=25C,
Note 3: gy s dicectly proporvonal to absolute temoerature CKl. IszT at any temperature can be calcuiated from: tseT 1o (T/Tg) where I s iszT measured at 7

CK),
Note &: For eievatad temperature operaton, Tl maxs:

LM134 150°C
LM224 125°C
LM334 100°C
I Thermal Resistance TO-92 TO-46 S0-8

|9, {Juncton to Ambient) |  180°C/W (0.4 laacs)
! 160°C/W (0.125° laads)

—

440°C/W | 165°Crw

rcw NIA

¥ (Juncuon to Case) N/A

VEEWT/PECWT/PEINT
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TECHNICAL DATA

T e T e Y BT A e

BD676, BDS76A

BD678, BD678A

BD680, BD6SOA
RD682

. for Use as Quiput devices in
litier applications,

o High OC Current Gain —
hgg = 750 (Min) @ ic =

o Monoirhic Construction

4 PLASTIC MEDIUM-POWER
SILICON PNP DARLINGTONS

* BDE76, 67SA, 678, 678A. 680, 6B0A, 882 are complementary with
8D67E, 675A, 677, 577A, 679, 6724, 681

s BD 678, 378A, 620, 820A are squivaient to

complementary general-purpose amp-

1.5 and 2.0 Adc

4.0 AMPERE
DARLINGTON
POWER TRANSISTORS
PNP SILICON

45, 66, 30, 100 VOLTS
40 WATTS

j‘

_...L-s 1Hs RO @ |4 QIaOl

—————
""—‘“"- NI
BRI S AO0;

NOTES
1. OMESSOMNG AND TOLERANCING PER ANS)
YIS, ey
2 CONTTCLLING DUMENSION: INCH,
VR METERS | INCHES
DOM | v MAX | WN | Wax .
A nes | g4 1 oas m;,s‘; awiTER
3 178 1 9.2 § 0305 1 cousoTaR
[ 155 | 009 T 108 1 sz
0 . I8 | 0020 | 00
F 1T | 30 ) aiss
G ! Sesc .094 85C
S Y N
J ' 2 as3 ) 9018 | o0
[ ‘81 ) 0875 | 0635
M [ TP
Q ! 40y 1 01:8 1 018
3 13+ gots | 009
S 1 X - syt sexe 0038
U LB 1e 10 | 0 To?z‘zssi:"r-oYsPE
v© T et -

MJE 700, 701, 702, 703
:
TAXIMUM RATING
ane Symoor | 90676 + 80678 | @oes0 [ gossz [ 1
ating vmool 806764 1806784 | 806304 | A,
, Cuttector-Emitrer Voitage . Veeg | s 80 | 20 : 100 | vee i [
i Coltecsar-2ase Veoitage « Veg 'oss &0 l SO 10 Vac |
Smitrer-3ase Vartage Veg | 5.0 U vae |
[ Cotecter Current et 10 I Ade
i Base Current g ! a.1 }age
| Tetat Cewice Qissipaticn LT
! @Te-15°C 40 Wacs
Oerate aoove 25 °C 0.32 wre
Ooer2ting ang Storage Junstion | Ty, Tieg °c
Tamoerating Range ~53 10 ~150
THERMAL CHARACTZRISTICS
T
Charactermtic Symool ! Max, Unit
Therma Resistance, 9ic °ciw
Junction to Case 3.3
FIGURE 1 - POWER TEMPERATURE DERATING
i T
T T Iy
i i X
g sf—c i
T AN '
N }
S 10 s v
Sl LN i |
= 3% 1
2 I J [
3 0 T f
Pl | *
H N 1IN
g il i
£, | v
) L B !
15 0 L] 0 s EL 8 120 138 150 ss
Te CASE TEMPERATURE {9C)
3-300
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ELECTRICAL CHARACTERISTICS (T = 25°C untess otherwise noted)

1

Cherscrvnyine

l Symbol

Unet

QOF F CHARACTERISTICS

Coltector-Emitter Brasxdawn Voitageill
(Ig = 50 mAge, 1g = 0} .-

30676, 676A
20578, 678A
20620, 680A
30432

8Vceo vee

IRR—

Coitector Cutoff Current

(Veg  Helf Reted Vg, ig = 0

'ce0

‘Covlector Cuto!t Cuseent
{Vcg * Rated BVCEQ. g * O
tVeg = Rated BVegQ. g * 0 T @ 100°0)

‘cao ! mAce |

02 '

€ mitrer Cutol! Current
fVgg *5Q Vg, Ig = C

¢ | mace

ON CHAHAC‘I:E RISTICS

OC Currents Ganill
flgs18Ade Vee * 30 vee)
e »70Aac, Veg * 30 Vee)

@

C675. 578, £8Q. 682
0 675A, 8724, 520A

%0 .

<0 - '

Cottector-Emitter Saturation Voitage: 11
tte=1.5A0c,1g " JQmAac‘
ic»2.0A0c g = S0 macs:

D873,

£20, €32

20 678A. 3784, 230A

YCEiwu

28

Base-Errutter On Yoltagel!!
e et SAge, Vog » 30 Ve
fte »2020c. Viog * 32 Vet

Y9Eignr | | vaz

4 ea
w o

DYMAMIC CHAQACTEIST S

(Sﬂ\l-loannal Current Qain
| iiee15a0c vgg e 2Qvac + 01 Ot

N,

Mo isa Fart  Pulee wWegta € 10C us Dury Sicre €2.3%

JC SACE OPEDRATING AFE 2

SIGURE 2
to——
I . T~
; ~
- ~
= L]
ERRL : N
< H N,
: o b, U
-_E 10} e o o — d0nding Awe Lot o ——— ]
2 e e e e DNermun Lo g [ 1 1820 T
h:t 3 ;_' Secomnary 3 Lot
2 R T Y ALY
z IR\ 2o\
5 62 Te=13s7C »
2 ‘ i | 1 | ! | BO676, 6764 .
= b L 1L 30678, 678A-
BDESO, 6804 =
- 80ss7 ——=Si==
ass " AR : e L ]
e 20 Y] T ] ) 3

Vg, COLLECTCR EMIZTER VOLTAGE IVOLTS)
FIGURE ]

TRere are *wO Lriranons 3n 1~: lwer ~ingling aoihity of 3
HINKIIOF  IVRTIGE 1UAIIINN 1eMOE 3t 2 INC seCINdary DreasdSwn
Sale 00erating area Curss IPCICIME 12 L T2 BMts Ot *De transuISe
nat must he Qoserved Q7 re1a0ie SlacatOn. B G, INE (ranusics
st AaE B SUOIET I 10 Greder QNG TN ITIN tRACLIVes INOICIIE

At high Cate 12 TO=ratuies ther—3 mMiations ~iil reduce (ne
20wet N3t CIN Se NancCled (O value 13 T3 1N hritatony ime
001e0 Dy sELONCary Sreakdown  1See 20, 215

AALIMNGTON CIBCUIT SCHEMATIC

PNP
BD&E76, 676A
80678, 678A
80680, 6804
BD682
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, LM158A/

LM258A/LM358A, LM2904

358

LM158/LM258/LM

National
Semiconductor

Operational Amplifiers/Buffers

LM158/LM258/L M358, LM158A/LM258A/LM358A, LM2304
Low Power Dual Operational Amplifiers

General Description

The LMI1S8 series consists of two independent, high
gain, internafly frequency compensated operational am-

plifiers which were designed specifically to-operate from_

a single power supply over a wide range of voltages.
Operation from split power supplies is also cossible and
the fow power supply current drain is independent of the
magnitude of the power 'su.pp!y voltage.

Application areas include transducer amplifiers, d¢ gain -

blocks and ail the conventionai op amp circuits which
now can be more easily implementad in single power
supply systems. For examgie, the LM 153 series can be
directly operated off of the standard =5 Ve power
suoply voltage which is used in digital systems and will
e2sily provide the required interface elecironics without
requiring the aaditional =15 V:c'power supphes.

Unique Characteristics

® In the hinedr mode the input common-mode voiiage
range nciuces grouNa ana e Outpul voltage can 3150
vANg 10 greung, even [ngugh ooerated from onlyv a
single pover suoply voitage.

® The unity gain cross frequency s temgeraiure
comoensated,

v The nout tias  current s 3lso  temoerature
compensatad,

Advantages

s Eliminatas need for dual supohes

s Two intern3lly compensated oo amps in a single
package

& Allows directly sensing near GND and Vg ¢ aiso
goes to GNO

& Compatible with all ferms of logic
8 Power drain suitadle for battery operatuon

® Pin-out same as LM1553/LM14S3 dual operational
amplitier

Features

® Iniernally frequency compensatec for unity Jain

= Large de voltage gain 100 48
B \Vide bandwidth (unity gain} 1 MHz

{tamperature comeensated)
t \Wide power suoply rance:
Single supply
or dual suvches
= Very low suaply current drain (S00uAl — essentially
independent of supaly voltage (1 mW/og amo st
‘5 V:c)

3Vse 1020 Vaoe
21,8 Vpe 0115 Ve

® Low inpuut biasing current 3 rAge
{temperature comoensateal

= Low nout otfset voltage 2mVge
ana offset current 3nAge

5 laput common-moge voliaga range nctucer ground

» DOifferennal input voliage rance equal 10 :ne power
supply voltaye

® Large output voltage QVgeio V' < 1.5Vgoe
swing

Connection Diagrams (Top Views

Metal Can Pacikege
b

meianing
eyt A

runiavfATING
neyt &

2CH 1RYEATING
[LIg 1R ]

Qrder Number LM158AH, LM1S3H, LM258AH,
LM258H, LM338AH or LM358H
See NS Package HO8C

ase it

|
BUTIVT & e

?
INVEATIRG INPYT A& st

ouTIUT 8

2ON(RVERTING 2

ot A IMVEATIAG INFUT R

b NORINVERTING

- YT}

(11 ]

Order Number LM353AN, LMZ53N or LM290SN
See NS Package N08B

Schematic Diagram

{Eacn Amplifier)
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M158/LIM258/LM358, LM158A/
M258A/LM358A, LM2904
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LM2524/1.M3524

LM1524/

National |
Semiconductor
LM1524/LM2524/LM3524

Voltage Regulators

Regulating Pulse Width Modulator

General Description

The LM1524 ceries of regulating pulse width modulators
contains ail of the control circuitry necessary to imple-
ment switching reguiators of either polarity, transformer
cousled DC 0 DC converters, transformeriess polarity
converers and voltage doublers, as well as cther power
control aoplications, This device includes 3 5V voltage
requiator capable of supplying up 1o S0 mA to externai
circuitry, a control amplifier, an oscillator, 2 pulse width
modulfator, & phase splitting flip-flop, dual alternating
outout switch transistors, and current fimiting and shut-
down circuitry. Both the requiator output transistor and
each outaut switch are internally current limited and. to
limit junction temperature, an internal thermal shut
dawn circuit is ermoloyed. Tne LM1524 is rated for
soeraton from =35°C to -125°C and Js packaged
a hermenc 16-eaa OIP {J}. The LM2524 and LM3SZ4
are rztea for ooeration from 0°C o +70°C and are

packaged in either 3 hermetic 16-lead OIP {J) or a
16-lead moided DIP (N).

Features

s Complete PVM oower centrel circuitry

8 Frequency adjusiable to greater than 100 kHz

®» 2% frequency stability with temperature

u Total qujescent current less than 10 mA

® Gual alternating output switches for both push-pull
of single-ended aoplications

& Current limit amplifier provides external component
arotection

¥ QOn-chip.protection against excessive junction temoer-
sture and output current

& 3V, S0 mA linear regquiator outdut avadable to user

Block and Connection Diagrams
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Absolute Maximum Ratings

Inout Voltage
Aeterence Voitxe, Forced
aeterence Output Current
Outout Current (Each Qutput!
Oscittator Charging Current {Pin 8 or 71
internal Power Dissipation (Note 1)
Goerating Temperature Range
LM1524
LAM2524/LM3524

40V
6V

20 mA
100 mA
SmA
1w

-55°C t0 +125°C
0°C 10 +70°C

Electrical Characteristics .
Unless otherwise s:ated, these specifications apply for Ta = —55°¢ 1o +125°C for the LM1524 and 0°C to +70°C for the

Maximum Junction Temperature
{J Package)
(N Package)

Storage Temperature Range

T 1s0'C
125°C

-§5°C 10 +150°C

Lead Temperature (Soldering, 10 seconds}

300°C

;_.\'.2524 and LM3524, VN = 29V, and f = 20 kHa2. Typical values other than temperature coetticients, are at T4 = 25°C.
LM1524/
PARAMETER CONDITIONS LM2524 LMIsze UNITS
MIN TYP MAX MIN TYP MAX
Aelerence Secuon
Cutout Voitage 4.8 5.0 5.2 16 5.0 S.4 v
Line Regulation Vi = 830V 10 | 2 10 | 20 mv
Loac Reglation I *0-20mA | 20 50 20 S mv
Jizole Aejection t=120Hz, Ta=25°C 86 66 a8
Shori-Cirasit Outout Current ) vagrF*0. Ta" 25°C 100 100 mA
Tempe-ature Statelity QOver Coerating Temoperature Range 0.3 1 0.2 1 X
wang Term Saoility Ta=25°C 20 20 mV/kxhr
Gcrilator Section
L amimur Frecuency Cy * 0.001uF, Ry = 242 350 3s0 wH2
1A Tide ACTurxy AT ang C7 canstant 5 5, A}
Sreqaency Change wntn Vaitage Vysi® 820V Ta = 25°C f . .
Fracuency Changs witn Temoeaature | Over Coeraning Temoerature Range 2 2 *
Outout Amotuce {70 31 Ta<°C 3
Cuizuat Puite Ve (Pia ) Cr»001wF. Tar28°C 33 < s
Error Amolifier Section
‘azut O%set Voltage Ve T Lsv Qs S| 3 10 mv
Inout s Current Ve s 28V 2 10 2 10 pA
Qoen Lsoo Voitage Gan 12 80 80 80 28
Common-tiods Insut Vaitage Range | Ta = 25°C 1.8 34 1.8 3.4 v
Common-Made Aerection Rato Ta® 25°€C 76 e a8
Smar Smnat Banawidtn Ay = Qe8, Ta®25C 3 3 MH2z
Quidut Voltage Swing Ta®25°C 0.5 38 3.5 R v
Comparator Section
Miaaime Susy Cocle % Each Quiput ON 4s 45 £
Ingut Threshold (Pin 81 Zero Outy Cycle 1 1 v
1nput Threshold (Pin 9) Maximum Quty Cycle 38 3o v
Inout Bias Current = -1 2A
Current Limiting Section
Sense Voltage ViPin 2 = Y(Pin 1§25 MV, 190 200 210 180 200 220 mv
Ping =2V, Tp = 25°C
Sense Voitage T C. 0.2 0.2 mv/C
Caommon-Mode Veltage -0.7 1 - Q7 1 \
OQutsut Section (Each Ourput}
Coliecior-Emitter Voltage 40 40 v
Cotiecior Leakage Current Veg » v 0.1 50 Q. <0 BA
Ssturanon Voltage lc= S0mA 1 2 1 2 v
Emitter Qutput Voltage Vin = 20V, 1g = =250k~ 17 18 17 18 v
Rise Trme (10% to 20%} Ac=2kQ,Ta=25C 0.2 0.2 I
£ ait Twme {20% to 10%!) RC=2RQ, Ta = 25°C C.1 Q.3 Hs
Total Sonoby Cursrent Vipg = €0V, Fing 1,4, 2.5, 11 5 10 -] 10 mA
and 14 are grounoed, Fn =2V,
Al Otner inputs and Outduts Ooen

Nota 1: For ooecation at elevaied temoeratuces, cwvices in
to bient, and devices in the N X must be derated basad on

the J package must be deratec Sased on 2 wmermal resistance of 100" CAY, junction
+ thermal resistance of 1507 CAY junction to smbient.

IVCSLINTT
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MC14043UB
MC14050B

HEX BUFFERS

The MC14049U8 hex inverter/outfer and MC140S08 nen-
inverung hex tutfer are constructed with MOS P-cnannel and
N-channel enhancement moce devices in a single monoliithic
structure. These comotementary MOS devices fina primary use
where low power cissipation and/or high noise immunity is
desired. These devices pravide logic-level conversion using only
one suoply voitage. Vop. The input-signal high level (Vi) can
2xceed ne Vg supoly veltage for logic-level conversions. Two
TTUDTL Loads can be criven when the devices are used as
C}0S-to-TTUDTL converters (Vpg = 5.0 V. VoL & 0.4 V.
Il > 3.2 mAl Note that ains 13 and 16 are not cannected in-
ternaily on these devices: cocnsequently connecicns (o these
terminais will not affect circurt coeration,

e Hign Source and Sink Currents

® High-to-Low Level Converter

® Supcly Voltage Range = 3.0 Vto 18V

e Meets JEDEC U8 Soecificaticns—MC 1404303
Meets JEDEC 38 Soecification—MC140508

® Viy can exceed Vo

MAXIMUM RATINGS® (Venages reterenced 13 Vsg)

L SUFFIX
CERAMIC
CASE 520

P SUFFAIX
PLASTIC

CASE =8

O SUFFIX
ol sCIC
> CASE 7318

Rating ] symoal | Value Unnt
OROERING INFORMATION
€C Succiy Voitage | voo | -95w0-~18 v
tnout Vaitage (OC or Transieat) | i -2L1t +18 A :g;::i::gz ;':'S;::Ic
Cutout Vattage (CC cr Transient) | VYew | =-25:0vppg-0.5 uéiexxx80 SCIC
input Current {CC ¢r Transienl), cer Pn | kg =10 mA Ta = -55"10125°C lor ad packages.
Qurout Curtent (OC cr Transient), per Pin layt -45 mA
Power Oissioacon, ger Pacager P 3C0 mw
Sterage Temoerature Teig -35t0 +150 'C
Lz2ad Temoeransre (8-Second Scidenng) L 250 €

T

‘Magmum RI0NGS e (1088 YARXS STYONG wC CAUMAGE 10 16 devicn May oA,

Qenong: 44 ges: - 7.0 mwrC fom €5°C 0 125C.

CIRCUIT SCHEMATIC
[1/6 OF CIRCUIT SHOWA)

MC14042U8 MC140508

LOGIC OIAGRAMS

MCT4049U8

15

NC = Pin 13, 16 NC = Pin 13, 16
Vgg =Pn8 T T Vgg = P8 T
Vpg = Pin 1 Vop = Fin 1




-

wheve: i is in ;A (per pacxags), CLin pF. V = (Vop - Vgs) in vetts, . - ..

MC14043UBeMC140508

ELECTRICAL CHARACTERISTICS (Voltages Referencea to Vgs)

Yoo ~§5°C 8¢ | 1sc

Characteristic Sy ] vae - - Unit

Min Max Min Typ | Max Min Max

Cutout Votage . "07 Levet 3.0 - 0.05 - [} 2.es - 0.0
Vin = Vppor @ VoL :0 -— 0.05 - 0 2.65 —~— | 005 | Ve

. 15 —_ 0.05 - 9 205 - 0.05

. "1 Leved 5.0 495 - 4.95 5.0 - 49§ —
Vin = Qar Voo VoM 0 9.95 —_ 9.53 10 - 9.95 —_— Ve

<5 14.95 —_ 1485 15 ~ 14 ¢35
Incut Voltage  MC14043UB “0” Lever )

(Vo = 4.5 veey \ €0 - 1.0 - 225 1.0 -— 1.0 vee

(VO = 9.0 vec) Ml = Ao | 2o % | ae | Z | 20

(VO = 13.5 Vee) 15 -~ 2.5 - 5.75 2.5 2.5 “

1" Levet i

(Vo = 0.5 Vee) 3.0 40 — 1.0 275 ~ 4.0 - Ve

Vg = 1.0 Vec) Ay 10 | 80 K, 8.0 ss - | s0 | = ¢

Vg = 15 Ve S 12.5 — 123 3.28 - 12.5 -
inout Voitage MC140308 0" Lavel

(Vo = 3.5 vee) " :q -_ 1.5 -_ 2.28 13 — 1.5 v

(Vg = 1.0 veg) P | 40\ 15 L as0 | 30 | — | oag | e

{Vg = 1.5 Veo) 35 — 30 — 5.75 <0 — 4Q

"1 Levei ]

(Vo = 4.5 Vvce) v 3.0 25 — 35 2.7% - 33 - \

{VQ = 9.0 Vac) KA (T O 76 | 52 | — | 70 | — ae

(Vo = 13.5 Vde) 1S Al = i 8.25 i i —

Outout Cave Cument lon

{(Vou = 2.5 Veo) Source 5.0 -18 - ~-1.25% -2.5 - -39 -

(Vou = 9.5 Vae) 0 -1.8 =) -1.3 -25 - -0.9 - mAce

{(VGH = 11.5 Vde) 15 -47 —_ -3.75 - 10 — -2.7 —_

(VoL = 0.4 Vee) Sink oL 50 | a1s — 32 5.0 - 22

(VoL = 0.5 Vde) D 10 - 8.0 16 - 3.3 -

(Vor = 1.5 Vec) 15 30 - 22 ] - 7 mACe
Inout Current | kg 1§ L — ] =20t | ~ |=zacocori =aa — | =10 | uAdc
Input Cagacitance I oy I - = = , (4, 10 20 A , - of

(Vin = 0) i !

Quiescent Current ing 50 - 1.0 - 0.002 1.0 — ] 30 |umrec| -

(Per Package) 10 —_ 2.9 —_— 0.0C4 2.0 - &Q

15 L0 —_ 0.c08 40 —_ 120
Totai Sucety Current™"$ T 5.0 T (1.8 pAKMZ 1 - ing AAde '

(Dynamic glus Quiescent, i T o= (IS pAKH) - 00

Per Pacxage) 5 IT = (3.3 wAkM2) t + I

(C = 30 pF on alt cutouts, ail

duftars swrching)

#0ata labetied “Typ" is not to be used for design puroases tut is
intended as an indicaton of the IC's potensal performance.

““The formutas given are for te typreal characterisocs only at 25°C.
1Ta calcutate total suppty current at foads other than 50 [43
H(CU = {50 2F) = (C_ - £0) Vik

fin kHz 15 input frequency, anc k = 0.602.



MPSA06 / MMBTAOQG / PZT

Semiconductor=®

Discretz PCWER
National : _ Tecno.ogies

Z Sig

MPSAQ06 MMBTAOQG PZTA06

SOT-223

NPN General Purpose Amplifier

This device is designed for general purpase amplifier applications

at collector cumrents to 300 mA. Sourced from Process 33.

Absolute Maximum Ratings*  ta-25:c uness omermse notes
Symbol Parameter Value Units
V’:EO L Collector-Emitter Vd(@e al v
Veszo Collector-Base Voitage 8z v
Vgao Emitter-Base Vome 2 \
le Collector Current - Continucus 30 mA
Ts Teyg Operating and Siceage Junction Temperature Range -35t0-150 °C

" Thesa ratngs are miting values above wiwch tne servceadiity of any sermeonductor devica may be impaired.

NQTES:

1} These ratings are based on 3 maxirrum junction temperature of 150 degrees C.

2) These are sizady state mts. The facry shouid be consulted on applicabons involving puisad or low duty cycle oo2rabons.

Thermal Characteristics  ra-25c umess omerwise noted
Symbol Characteristic : Max Uni

MPSA06 ‘MMBTAOE | “PZTAOS
Ps Total Device Dissipation 625 350 i 1,000 mv
Derdte above 25°C. - 5.0 2.8 i 8.0 mwW.

Rasc Thermal Resistance, Junction to Case ) 83.3 i “Ch
Raja Therma Resistance. Junction to Ambient 200 357 ! 125 *Ch

*Devica mounied on FR4 PCB 1.5°X 167X 0.06.7
"DevicannnedeR4PCS35mXﬂmx 1.5 me; mounting pad for the collector lead min. 6 am?,
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NP.‘{ Seneral Purpose Amplifier

E‘ . (contnued) :

= Electrical Characteristics 7A = 25°C untess othenwse nated

- :

; Symbof I Parametar Tast Conditions l Min l Max | Units
OFF CHARACTERISTICS
Vignceo | Cottector-Emitter Sustaining Voitage' | e =1.0mA 13=0 g0 | v
Veameao Emitter-Base Breakdown Voitage e= 100uA, Ic =0 4.0 v
lesa Ccllector-Cutoff Current Vee =60V.1s=0 0.1 HA
leso Cotiector-Cutoff Current Vea =80V, 1e=0 0.1 HA

ON CHARACTERISTICS

90V 1Zd / 90V.LEWN | 9uvSdil

Pez DC Current Gain le =10 mA, Ve = 10V 100
le =100 mA, Vg = 1.0V 100
Vezsat Collector-Emitter Saturation Voitage lc=100mA, I3 = 10mA 0.25 \
Vag.om | Base-Emitter On Voltage ; c=100mA, Vee =1.0V i v
SMALL SIGNAL CHARACTERISTICS
fy ] Current Gain - 3andwiath Proguct le=10mA, Ve = 2.0V, 100 | MHz
= 100 MHz i

“Pulse Test Pulse Width < 300 us Tuly Cysm < 2 0%

Spice Model

NPN (1s=8.324f Xti=3 Eg=: 11 Vaf=100 Bf="2.16K Ne=1.363 Ise=73.27f Ikf=.1096 Xib=1.5 Br=11.1 Nc=2 Isc=0
lkr=0 Rc=.25 Cic=18.360 Mjc=.3843 Vjc=.7% Fc=.5 Cje=55.61p Mje=.3834 Vie=.75 Tr=72.15n Tk=516.1p Itf=.5
Vif=4 Xtf=6 Rb=10)

DC Typical Characteristics

Typical Pulsed Current Gain Collector-Emitter Saturation
z vs Collector Current :—J— Voltage vs Collector Current
S 200 : ~ , Qos bt
|~ [T .. VCE='WI__i__ = g =10
w - 125°C ,——4\ . | o
€ i i \ { >04
Z1s0 ' : - @
o Hi ] N i & ’
a 2C Eos3
o ] W | = 12s°C
@ 100 H : E
1 1 N P 117
—— - 40 *° . wa — ..u.;
o 0 : AV | "y Z
§ ’ \—-*- ‘;" - === g u il
i LU L e o L ITTH Ll L LT
» 0001 0.01 0.1 ’ 7 01 1 10 100 1000
= 1 ¢ - COLLECTOR CURRENT (A) 5 ! c- COLLECTOR CURRENT (mA)
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MPSAQ06 FMMBTAOQG / PZTAOG

MPN General Purposa Amplifier
{cartirueq) ’

DC Typical Characteristics (continuea)

Base-Emitter Saturation _ Base Emitter ON Voitage vs
s Voltage vs Collector Current z Collector Current
- T P P TV i LTI
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v u—; 2
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g e 7 3z ' ! i l \
| i ] w ! |
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NPN General Purpose Amolifier | 3
{cerdrued) ¢ /)
: >
>
- ~ . L. p
AC Typical Characteristics - -
‘ 3
=
Input and Output Capacitance "~ Gain Bandwidth Product g
vs Reverse Voltage = vs Collector Current >
"o b e e 240 T R \ {2en ]
= 1.0 MHY - PV =5V ! o2}
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MPSA56 | MMBTAS6 | PZTALG

%

»

¢

MPSAS6

. National
ngiconductor‘

—MMBTA56

Discrete POWExp 4 Si.
TM -

PZTASs

SOT-23 8 SOT-223
Mark: 2G
PNP General Purpose Ampilifier
This device is designed for generzl purpose amplifier applications
at collector currents to 200 mA. Sourced from Process 73. ’
Absolute Maximum Ratin gS’ TA = 25°C unless otherwse notec
—_—
Symbol Parameter Value Units
Vezs Ccllector-Emitter Votizge 80 *\\‘
Veso Ccllector-8ase Voltage 80 \\T“
Veso Smutter-Base Voltage 4.9 ﬁ\v—
e, Ccitector Current - Cantinuous 500 ﬁ\m!\
T), Tsq Qoerating and Storagz Junction Temperature Range -55t0 +150 ' ol
» \
These ratings ar2 nming values above w=ch the serviceaoility of any semiconductor device may be impared.
1) Thes.e ratings are based on a Maximurr “.acton tercerawure of 150 degrees C.
2} These‘are steazy state limits. The facio~ snould be ~onsuited on applications involving puised ar low duty cycle operations
Thermal Characteristics  ra =25 untess otnerwise noted
Symbol Characteristic Max Units
u MPSAS6 | 'MMBTAS6 | ““PZTAsg )
Po Total Device Dissipation 625 350 1000 —T———
Derate above 25°C 5.0 2.8 8.0 mnv?/w
Rase Thermal Resistance. Junction to Case 83.3 : ) _\C_I%g
Raja Thermal Resistance, Junction to Ambient 200 357 1 Lj—m.-
» T —
Device mounted on FR-4 PCB 1.6 X 1.6” X 0.06."
"™ Device mounted on FR-4 PCB 36 mm X 18 mm X 1.5 mrr: mounting pad for the coltector lead min. 6 cm?.
mERNAN1GAT
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PNP General Purpose Amplifier

(contnueq)
» Electrical CharactarisiicsS  raz:5Cumess omerwse noted
Symbol FParameter ; Te2st Conditions Min { Max | Units
OFF CHARACTERISTICS
V.amwcgo Collector-Emitier Sreakdown Voltage® | . = 1.0mA, g =0 80 | v
V.srics0 Ccilector-8ase Breakdown Vcltage le=100pA. lc =0 30 | v
Vamedo Emutter-Base Breakdown Vcitage | le=100uA lc =0 40 ! v
lexo Ccilector-Cutoif Current | Vee =60V, 1420 . | uA
lr30 Ccllector-Cutoff Current | Vea =80V, 120 0.1 I uA
ON CHARACTERISTICS -
Nee OC Current Gain le=10mA, Vez=1.0V 100
I¢=100mA.VCE='1.0V 100
Vesisan Ccllector-Emitter Saturation Vcitage l- =100 mA. I3 = 10 mA 0.25 v
Vagiokh Base-Emitter On Vcltage le=100mA, Veg = 1.0V 1.2 \
SMALL SIGNAL CHARACTERISTICS
fy | Current Gain - Bandwidth Product le =100 MA, Veg = 1.0V, 50 ! MHz
f= 100 MHz '

-
Puise Test: Puise Wiath < 200 us Z.v Cycle £ 2.9%

Spice

Model

PNP (Is=12.27p Xti=3 E£g=' 11 Vaf=100 Bi=21.63 Ne=1.531 Ise=12.27p Ikf=1.009 Xtb=1.5 8r=1.287 Nc=2
Isc=0 Ikr=0 Rc=.6 Cjc=48.280 Mjc=5615 V=75 Fc=.5 Cje=106.7p Mje=.5168 Vje=.75 Tr=496.3n T=865.8p
itf=2 V=2 Xtf=.8 Rb=10 -

DC Typical Characteristics

Typical Pulsed Current Gain

hre

1. - COLLECTOR CURRENT (A)

§ vs Collector Current
2]

300 T §
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= : V=tV |
-4 250 IR v }
[~ 125 i
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w [ i i
5' 150 2 F | 1IN i
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2 100 .a0C 1l
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E— Voltage vs Collector Current
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MPSA567TMMBTASG / I’PZTAS6

PNP General Purpose Amplifier

(ccntinued)

5C Typical Charactaristics (contnueq)

Base-Emitter Saturation
Voltage vs Collector Current

=
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AC Typical Characteristics

Input and Qutput Capacitance
vs Reverse Voitage
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PNP General Purpose Amplifier

(continued)

AC Typical Characteristics (contnueq)

- POWER DISS{PATION (W)

Po

POWER DISSIPATION vs
AMBIENT TEMPERATURE ~
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FERRITE MATERIALS

Material characteristics

Material symbol| Unit | HS6Z | HSSZ | HS4Z | HS3Z | H52A | HS2B H52Z | HSTA| HS1Z

N ] n 7 ) 130 =0 so0| 1200 1200 1200
Initial permeapility #iac smee| oom | +o09| +20%| x2o%| £2%| £20%| £20%| XIS%
<20 <163 < 80 <30 < B <2 < S5 < 13 £1.§

tang e 0OMHz] 4OMHZ] 5 MHz| 1 MHz| | MHz]0.SMHz 0. IMHz | 0. IMHz | G, IMHzZ

Relative loss facter —u x10 <x20| <20 < 80 <im| <& <4 < 12 < 3 < &

100MHz | 100MHz | 10MHz | 10MHz| S MHz| 1 MHz| 0.5MHz 0.SMrz | 0. SMHz

Temperature factor

—30~20C ) 1~i0] - 1L.5~7} 0.3~2
20~35°C St (110~ 0~2!
20~70°C 4~20)  3~10| 05 | 15=7| 0.2~2| 0.2~
Gauss| =l 20| z0| mo]  wmi x| 0| um| a0
Saturation flux density 8s - : 7 :
mr | w0 20f m| m| ol s w| @) &
! 3 i T 1 1 i
i | Gagss | ot 10| 10] 1e0| 2] 70l 1e0|  1s| 15
. , { : , i ] . .
Residual flux density j B - = . : -
] | mr | o] | 13 w| =i ’.50\ ] 150
A 1 I
0e | n o] ol 0 20l 07| os| os] os
Coercive force He : ; T
A/m ﬁsol 800 540 201 160 :'! 0] 90 h]
. . x10™* <13} <os| <os] <o.4
Hysteresis material constant ng e Joktz | 10kHz| 100kHz| 100KHz
Disaccomodation factor oF | x10™ ‘ <} <ol <w <] < ml <ol <] < 8] < 4
Curie temperature Te ‘C >i56 >d4s0 >400 >350 >300 >0 >0 >x >4
Resistivity p | Q-emi 10 100 106 10 e | S0 500 50 00
Density d | glear 43 4.3 4.5 45 4 4.6 4.7 47 47

Note i 1) The values were obtained with tocoidal coras {FR25 47154 /5).
2) The values were ocbtained at 322 °C uniesa ctherwise specified.
3} Initial parmeability wece maasured at 10 kHz. 0.8 A/m.
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H2AIB|HR2Z I HB3B|H24B|{H24A | H24Z | HZSZ | H28B8 | H43N | H43B | H 45 HE3 |HE3B | H4SA|HEIA

2000 2000 800 4000 5000 00| 12000 00 1600 1700 =00 00 2000 K0 1250
0% | 2209%| F20%| 20%| *N%| £25%| *30%| £20%| X% =20%| =20%| 220%| 20%| =20%| =20%

<vs| <2s5| <20] <isp <0y < 7] < 8| < < 51 < 8} < 4] <4 <5 <§ <23
100xMz | 100kHz ] 10kHz ! 100kHz| 100kHz| 10kHz| 10kHz| 100xHz| 10CkHz| 100kMz | 100kHZ | 100kHz | 100z | 100xHz | 100Ktz

0.5~210.4~1.2} 0~2.0| 0~1.5{-0.5~2} 0~2.0 %
0~1.5| -3~3]|
0.5~2]0.4~1.2} 0~2.0}{ 0~1,5|-0.5~2] 0~2.0

uool 4200]| 40c0| a00! 40|  eo00]  4000f 4700

| soo| sxof amoli sm)  soof 0| 4o
uo’ 20| w0l w0l 40 | 0 4703 siol  sw|  aml 20| s 0| a0
10| eoo§ %0 1500[ sof sl omol ool 1sw|  mo| oo 0| 1so| 120|300
noj e 90’ 50| - 1501; eoj s wof 10| o) o] 120! 150] 12| w0

0.2 2.15 0.3 0.13 0.13! 0.!3! 0.05' G.Z'Ji 0.18 .20 0.16 0.16 0.16 0.18 [

24.0 iz 24.0 10. 4 10.4 10.4 4.0 160 123 16.0 28 128 28 128 0.0

<04 <0.4 <.0 <i.g]- <Lo0 <19 <10 <as
10kHz| 10kMz | 10xHz| 10kHz| 10kHz| 10kHz{ 1CkHz| 100kHz

<30 <20 <30 <39 <30 <0 <20 <3

~i80 >i70 >15 >Hs >145 pgr-1 >15 >200 >Z30] >Z20 >200 >0 >200 >20{ >Z/

«©0 500 2 2 10 3 3 100 10| 1000 100 100 100 10| o0

48 4.8 48 48 g 4.8 4.9 4.9 4.8 4.8 4.8 438 4.8 4.8 48 ‘4.7




Terms and definitions

1 Permeability 1 Inittal pecmeability, .
This is the limit vaiue of B/H where H is indefinitely close to zero (HeO)
at the virgin magnetization curve of a ferromagnetic substancs, and is
derived by the following equation:
=g R
Whers 4, permeebility in vecuum
H: AC magnetic fieid strength
B: AC magnetic flux density
{(Note) The essential permeability of a core material is measursd using a
toroidal core wound with a cail, and is represented by the foilowing
equation; -
P T
Where L sait-inductancs of cors including coil (mH)
Ly seit-inductance of coil {mH)
N: number of tums
Ae: average cross-sactional area of toroidal core (mmz)
e: average magnetic path length of toroidal core (mm)
1+2. Eftective permeabiiity, ., :
This is usually defined as the permeability of a core forming a closed
circuit where leakage flux is negqligibly smail.
Where L seif-inductance of core with coil (mH)
N: number of tums
:—: = C, = core factor (mm"™")
13. Apparent effective permeability, 4,
This is generally a ratio of two inductancas in"a closed circuit;

=L- -
Moo iz

Where L. seff-inductancs of coil including core
Lo: §pit-inductance of coil not including core

- Magnetization cuirves 2-1 Saturation magnetic flux density, Bs
WhenmestanquaDCmaqneﬁcﬁeldHisintensiﬁedamunda
completely demagnetized magnetic core, the magnetic flux density 8

. increases from the initial point *0°
asshownintheﬁqmonthen‘qht.
This is called an initiaj magnetiza-
tion curve. The magnetic flux den-
sity eventually reaches its upper
limit, called the saturation
magnatic flux density Bs, where
the vaiue of B is defined as B
when H =10 Qe. ’

T me m e e e

S——
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. i ale

- ——

e g
LA -~




2-2.Roddua.lnnqmucﬂuxdemﬁy.8t - - ..
This is the amount of residual magnetic tlux density retained by the core
after the DC magnetic fiald is weakened and finally removed to the level
of H =0. ’

2-3. Coercivity He ,
This is the strength of the magnetic field whereby the residul flux density
becomes zerd under the intensification, in the opposite direction, of the
DC magnetic field. .

3-1 Loss factor tand
The core loss factors of three different types of losses: hysteresis loss,
eddy-current loss and residual loss.
tand =tandh--tande+-tandr
wpy fL+eret+e
l/—;l 1 1

The loss coefficient tand can be also represented by the ratio ot resis-
tance to reactance as foliows:
Rm -Fiw
tang =B =B
Where tandh: hysteresis joss coetficient
tande: eddy-curent los3 costficient
andr: residual loss costfecient
L:satfinduc:ancao!mw@coil(mH)
v core yohuma {mm>)
i; current (A)
h;: hysteresis loss coetficient
8, sddy-cument joss coathicient
1,: residunl ices coefficient
£ frequency (Hz)
Rmc resistanca of m.acpebc core (O)
Rett: resistance of core end cail {Q)
Rw: resistance of coil (0)
w: anguier velociy (redian/eec.}
(Note) h, is expressed &3 foliows:
h|=~L- _B}_—_ﬂl . -
wl VL i
Where R, =resistancs for current i,
R, =resistance for curent i




:rms and definitions .

perature characteristics

3-2. Relative loss factor tand/ ui
This is the amount of loss per unit penmeability and is expressed as
follows:
tand/ui {for magnetic materials)
tand/ue (where gaps are added to the magnetic circuit)
3-3. Relative hystersais joss coefficient, h,, (h-one-zero)
This is the value of h, when xi=1000 and is used for comparing different
materials, It is expressed as:
hie =h|’(1_ij)x
{Note} The relationship between h,, and m is represanted as follows:
me=50.1 73 X10?
3-4. Quality factor, @
This is the reciprocal of the loss coefficent and is given by:

=1 =l
O‘tand'ﬁm

(Note) The Q for the coil with the care is expressed as follows:

=@k
Oe—Reff

4-1. Temperature coefficient, aox
This is the fractional difference of permeaebility per 1°C in a temperature
range of from T, to T,,

A Al
A E A T

Where u: permeability at temperaturs T,
. permeability at temperature T,
4-2. Relative temperature coefficient, aur
This is the temperature coefficient per unit permeability and is represent-
ed by:
au

au!—;l—

Th'us. the temperaturg coefficient of an actual core is obtained as follows:

ap=aulX ya
4-3. Curie point, Te

As shown by the typical tempera-
ture characteristic of permeabil-

ity in the figure on the right, the
Curie paint Tc is defined as the
temperature at which the mag-
netic core changes from the fer-
fomagnetic to the-paramagtietic*
state. It is the temperature
obtained at the intersection point
of the horizontal iine of g =1 and
the line passing through the
points 0.8gmax. and 0.2umax.

e




5. Disaccommodation factor, DF

6. Electrical resistivity, o (Q2-m)

7. Density, d (kg/m?)

8. Power loss

This is the factor representing the variation of permeability through time
after a complete demagnetization of the core at a constant temperatre.
os=ﬁ‘§-ﬁ; (t>t)
where u,: initial pemeability t, minutes after complets demagnetiza-
tion ’
. initial permeability t, minutes after complete demagnetiza~
ton
(Note) Generally, t, to t, is set at 10 to 100 minutes.

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

This is the weight per unit volume of a magnatic core as expressed below:

9=y

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

Power loss denotes the loss by an electrical transfonmer, such as a
switching regulator, under a magnatization condition featuring a high
frequency and a large emolitude. Operating magnetic fiux dénsity, B, is
generally expressad as follows:

£ 8
Tanae X 10" (mT)

Where B: magnetic flux density (mT)
E: coil terminal voltage (V)
t: frequency (kHz) &
N: number of coil tums '
Ae: effective cross-sectional arsa (mm?)

B=



RRITE MATERIALS
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tan ¢/ ui vs. frequency
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ui vs. temperature
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Power loss vs. temperature
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Static magnetization curves
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EE CORES
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