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Abstract

This project presents an induction cooker, based on the concept of magnetic induction. A
class E zero—voltage switching resonant inverter is applied for this induction cooker which has
630 W power rating. An induction cooker consists of 6 inches diameter Stainless steel vessel that
can boil water of 1 liter within 7.22 minutes and a power MOSFET is used as a switching device.
The load is formed as a spiral induction coil winding around the vessel in order to have full flux
linkage. Therefore magnetic flux links around vessel and creates induced voltage which causes
the eddy current at vessel and then produces heat. In addition to design of load circuit, parallel
resonance is used for tolerance of surge current when the condition of load is changed from on-
load condition to no-load condition. The working frequency of inverter is 100 kHz and the energy
is delivered through step-up tramsformer and parallel resonant circuit. In addition, the

experimental results are in good agreement with theoretical ones.
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PSW (on) + PSW (off) + PC (4- 1)
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AIZUA ¢ iavyInauTungmbinszug « 1dun
t = Q / I (4-4)

Iile Q, iz finlszyfildonnsnlifiugaen

1, fis snszueiidnnlssenmnsznaiifuneud

4.8 Wnalaeaiy FBSOA

Tadriadideiifidalaents FBSOA veamnesuemimiuerautivennlfifiy
4 fnyue fie

1. Fadinaussduanasemasunazyesy v, qeafiaunsany 14
(Maximum Drain Source Voltage)

2. fnszumasy 1, qegaficwrsainld ez bR aseaemehudon
1& (Thermal Limit)

3. Fadatesnndmudnmuvaesinze (Rpg oy Limit)

4. Fadriamsszinenindeuvesdana (Package Limit)

A18619n5 M FBSOA veumusesuemmanans 1i8aguf 49 uaswudetuiin
i msedohilhiaden Tvivhdmnesuemmadesiuunmeusnitdavesns i FBSOA
xﬂummﬂmuawﬁeammu%vﬁm‘lﬁ'mmau‘l'nnaumsmamwmasnamﬂﬂuﬂ%’ﬂunnﬂiq

5’3111’?\3ﬂﬁﬂﬂ\iﬂuﬂﬁW\i!ﬁﬂWlﬂ"lﬂ‘Um"‘VlNTN



41

"

7

0. DRAIN CURRENT (AMPS)

[} < 150°C
4 T
2
[]
[} 100 0 a L 500 [ ] 1
Vs, DRAIN-TO-SOURCE VOLTAGE (YOTS)
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910314 5.1 naasdnyasndeutauuudie o vaaantduynisend “valgugi”
g 1 a a v o d o o
HATYARIAN 1D MHNTENI “YandANAsN ANUAITUTYBIS IUTBUYARIANAZITIAY

A o 1 &4
ziisasidunsiife
NP/NS =VP/Vs (5-1)
Ne = §1U9UsBUYARIAN A ULlgugl

Ns = §14IUTBLUANIAN KA U ABYI

VP = U538 umeauil

)

Ul

sl

B) ¢&

Vs = U53AUN19A 1LY

usanumtisningdulewasalasuntlaswssmmmunnivvesiénd &1 1% B

sgluyisniduasees 1d
B,..=(V, x10° )/KfaHA, (52)

e B_ fis mammuuniuvenldndgega

v, #sussdudwigugdl e du Taad (volt)
£ o mwd twbaesiu Fsad ( Hz)

Np  fis Snausenvantadudguqil

k4 *
A

¥ o - ' g = 2
A 18 HUNVUIAAUBILINY wmmﬂu A NMFUAUAT (cm )

1)

13

K fle Anahil A1 4.44 dAmTvusedugned uaz 4.0 dAmFuusedugl

Unas1 B ufenfiil B_ /2 e i le i lushaidlunduasada

max
3 o @ Q’ é z 4 e - o é _a a v A
Usznoufidig@ndanilnde Ruiidmsunsnudumadni - SalnAsziusguudruey
¥

1 4
iU ( Bobbin ) Arszdssdenldininzaudis dmsummannsalunissedidveany

maAnd 1IN
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5.3.1 unuteslsel ( Ferrite Core)
unuies Isdiluaqulszinn mlosTaunnm@in  Ferromagnetic material ) msmilen
° v d A 4 oal 1 a o @ o v ad 1 9
wunimanuneduunuenmng  unudes lsdlidgaBudindinimandeudage
. 3 * 3/
dszaa Tusae 3,000 99 4,000 1md waztansgadeluddud finauidae 9 aniunde
a A - | 3 o ° -
wlasadasavsiionlfunududes lsdmnniqateslsdfiuntdiunvemieudasasa
n' =4 4 v o 3 t o
Fazlgtiumnddueenlyl duegiunslfauuasinasgulunisesanuy
5.3.208u1i% ( Bobbin )
k4
veufiunTounuseniu  nfezhmawmadnyiianumndondgauas hida
td
~ ' o/ é’ o/ g
vevtiusssislumsiuvamavuinurlelsdozainiu  uazflesiudlymindmnans
b d
gninvanaeduunuves sd1d veuduszivinamnasgamnnasngnueanumeslsd
14 ] b d
Metnnnavesweiugnngl @ 53 veviiudiulngjezgresnnuidivninara

N ieauazanlumsiuvaalauaztianiaadunny PCB

Ber CORE TYPE Ay(em®) Bep(mm) Hce(mm) ¢, (mm)

l E 814E250 0.17 6.7 2.1 34.29

Her E 813E187 0.33 9.3 3.2 36.32

=== H T l E 813E343 0.36 10.0 3.2 47.50
| D E 812E250 0.58 10.1 4.9 55.12
- E 782E272 0.80 17.3 17 55.88

TTUTTT E 375 1.05 16.5 6.6 73.41
EZl 1.14 17.9 6.0 86.36

E 783E608 1.78 26.3 7.1 92.96

EE Bobbin E 348E772 1.81 26.3 7.1 99.06

E625 1.32 21.2 6.4 94.9

ESS 2.80 33.1 8.6 113.03

Ber E75 2.42 26.2 8.1 119.38

i iH ’E’ CORE TYPE Aw(cm?) Bce(mm) Hcp(mm) t,(mm)
CF

Bg‘ ” ” *J j = EC 35 0.97 21.5 4.8 50.04
EC 4l 1.35 24.5 5.8 59.94

i e EC 52 2.13 28.3 7.7 72.90
EJ E EC70 4.77 41.5 11.7 95.0

EC Bobbin

v 1 4
U0 5.3 naasdedanzvnaniaspiuvesueuiudmiunnues s diuy EE,EC

UaY ETD
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CORE TYPE Ay(em’) Beg(mm) Hcp(mm) €, (my
ETD 34 1.23 21.0 6.0 59.94
ETD 39 1.74 25.6 6.9 68.58,
ETD 44 2.13 29.6 7.3 76.2
ETD 49 2.71 32.8 8.4 85.00
A, = TufidesWwiaain
Ber = AMENILNNTINUIAGIATH
Her = 3883910RANNEM000ARIA -
ETD « N e o
t. = AMNITURABIBTAIANAMANANYLUNLNURaNTTosaY
Bobbin

= * ar v ay o (4
21]‘" 5.3 (a8} llﬂ'ﬂ\iﬁ?ﬂm\i!lﬁﬁi‘uu'Iﬁll'lﬂiﬁ'l‘lﬁlﬂ\ﬂjﬂﬂllui’h‘lﬁ'ﬂt!ﬂu!ﬂﬂﬂ‘imtlﬁl

EE,EC uUnz ETD

L 4
5.3.3 81aN8UAI8 1118 ( Enameled Copper Wire )
o o = &, A Y a A Ao o s o P
msiuvAnIaN Inansuazsiuafvemiomlasaiadimde igunntn  Und
E 4 o 1

seldaransumonhomiunuveniwie 1 Idsnnuseuadenis YUIAVBIAIA

4' 9 o ‘9‘1 é’ T Qs 1 d' ] d' 9/ =3 A’
neuasieg 19ty Yueddvinszuagegaiiriuvania mudnasnadafosdy q

534  wilnuu (Insulation Tape)

o v

milnuulfiudimivasesseninduvewanalundeudasadads uasiivih
g lumsusndaums s lvsuSuassamauaidw foafi 19vmdauau
orfuvanlums ( Mylar ) wSelnfiomans (Polyester) Mfinammnegiugas 0.05-0.1
oo -~ j 1o 1 o d' 9/ o
infwas msdenifeziivegiumsesnuuuaaminnlaeassndsanissinudoutlasasa
Fuilundn
5.4 el siuazmsieniy

unwies liddmiundenniadads  Tanha lezganineeninfivunauazgivse
A4 ) AMANATFIMANIAY IFU UAUULY ELEEETD wieununuy POT dludu Undgdniney

2 L4
WunumesTsdeaninludnvasvesgilszny  eaamazainlunstszaeudiiuueudiy
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Ay -] g = o 13 3 - 1
nsdszauunures lsduuveuiivesi meduvesldnduimdnfidatulunnus Ssa

eomnludnyaziihnwssnw1d dedennavewnueslsduuudn  uaadl3lugld

5.4
CORETYPE A, (em) A, (cm?) V, (em’) ¢, (mm)
L
ETD 34 0.971 1220 7.64 78.6
ETD 39 1250 1740 11.50 92.2
O " ETD 44 1740 2130 18.00  103.0
o ETD 49 2110 2710 2420 1140

ETD

CORE TYPE A, (cm?) A, (cm?) V, (cm®) ¢, (am)

EE 20/20/5 0.31 0.35 1.34 43.0

EE 30/30/7 0.59 0.78 4.00 66.9

EE 42/42/15 1.82 1.78 17.6 97.0

EE 42/42/20 2.36 1.78 23.1 97.4

EE 42/54/20 2.36 2.40 28.8 122.0

EE 42/66/20 2.36 3.40 345 143.0

l—l r—j EE 55/55/21 3.54 2.50 43.7 123.0
EE 55/55/25 4.20 2.50 52.0 123.0

EE 65/66/27 5.32 3.93 78.2 147.0

EE

CORE TYPE A.(cm?) A, (cm?) V, (cm®) ¢, (mm)

— El 19 0.24 0.517 0.950 39.6

1 El 22/19 0.41 0.44 1.630 39.3

[ . EI 25/19 0.42 0.819 2.02 48.6
El 28/20 0.85 0.725 4.11 48.4

. EI 30/26 1.11 0.791 6.45 58.1

[ El 35/29 1.21 1.36 8.18 67.6
EI 40/35 1.48 1.08 11.3 76.9

| ] EI 50/42 2.30 1.7 21.8 94.8

EI 60/44 2.48 2.94 27.2 109.7

El

31 5.4 uaasdIedevesunuWes 1ALV EE, EI 1ag ETD
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iile
Ae = winamdniaunieslsd
Aw = wmﬁuﬁﬁﬁmﬁmﬂa’mmmmuﬁu
Ve = Snasveunumeslsd

seozmuAurdndutimdnlunnwes 1sa

o
I

UAULLY POT ﬁyuilz“l%’ﬁ'wﬁ’auﬂmﬂ"?%éaﬁ‘lﬁé’mn1‘sﬁ1ﬁhqa ( Tirbu 125 Jad)
unz”luﬂuﬁﬁ’mmiﬁ'fgtymsnmu MIRFI #1 n‘x"mmnﬁ'n‘muz;ﬂmwmﬁ'ummmﬂmﬁu
nsuninszoevesdyanasumuifa  udunuwuy POT fvesdmsuhivanlnsenuiaiy
wen’lddeudradn Sulluglassalumaiunansuasinalngidendendasdesmssis
qa9 nmuf"iﬁau‘i%’ﬁ'umnﬁmi"wﬁﬂuﬂnm‘iﬁ?}qﬁﬁmﬂwma"muqwznﬂuunuunn ELEE
iz ETD tilsanmamsaiuseunnuuuueuiildvzain unu‘lunq’ufrazﬁwmdw q I
denldon Wdituswouing Tasrunsaldideam iddad s Sad Weus 10 ATn¥ad odis
13fa dygaisunIy EMURFI fiRaduszfisunandumuuy poT
5.5 SnwaauiRvetlom sildrhunymeslsd

‘rﬁme,m‘famsunmvlaﬂsﬁﬁnmminﬁueziﬁ'ﬂmtmﬁﬁ'mamimﬁnumunmﬂa%’
'lsﬁuﬁmiw'f‘i'uﬁmﬁauﬁ'nzﬁwmwhf“funnﬂizmsﬁmn Tunriudeyarifomsailfinduuny
mledlsdiu szfesiiswarBoaquaniaiensurasHimie doyaddgdinasesimmnd
Toune@nun3Rfeidu1fsGmaesida ( Hysteresis curve ) wazemisgapdeluunuted
15a ( Core Loss )

5.6 dulfeSmmed3Ba (Hysteresis Curve )
idulfsdmaesiFaszuaasmuduiufszninmnumumiusndsimén (B )
Finatulunnuelsdum e srumuimin (H ) fRannnsmilenivswann
fivuuuuny ugihil 55 (@) 5.5 @) wurasinvazveuduIREmmeiSaveuilomsviia
3C8 uay 3C6A awidy angleziuddmmaummivtdnd B siiduintiude H Ry
ifunf‘iaﬁaqmﬁemmﬂmuzﬁuﬂﬁnefuﬁmﬁn B fisuintutosinn ufineimsiuduves
anundumunningn 8 fiaw nngadendisneSendt  unuiSududaves Windmimin
( Saturation ) TesUnAdrdnszuaasnsmlifulfedmaesidmfivswnTufon esnndnate

-‘ S o A [ L t:i
nilsweudusziidnyumileudu duaaslugi 5.6
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5000 |
4000 - 1 | 250
L ]
3000 % 'C’ 100°
2000 Q /d
1000 /
0 l
-5 0 5 1 15 2 2.5 3 H(Oesteds)
. a a &
() ulfsdmaessTaveununes 154 e 3C8
5000 =1
"
4000 = 2
1A :
3000 A, f/ 100°
04
2000 //
/v
1000
0 (1]
-5 0 5 1 15 2 2.5 3 H(Oeseds)

3C8

3C6A

()

b4
) FuTAsdamoss Favesunumes 154 1o 3C6A

511 5.5 uaauduIfsdmaessFavswnumes 1sd
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B yndutasunuiaslsd

(sa1) [~

ypdufvasunueslsn &2 -Bug

2 ar { a a L aoe
314 5.6 iansdanuzAnuysdveuduIfdmaesi Fadelidnyuamnas

5.7 anrsgapndaluunurdodlsd ( Core Loss)
msqquﬁaﬁnﬁﬂfu?uunmﬂaﬂsﬁfnzﬁﬂﬁuﬂwvlaﬂsﬁ'?au%qﬁmmqnﬁ'ﬂz lszans
fie maqudsfifanndnyazdmaessaveeny ( Hysterésis Loss ) taznsgadennms
Manszua lvarumelunnumes lsdfimwdnn 100 Aladsed nugydennnsia
nizuﬂ"lﬁmu‘iuuﬂuazﬁmﬁaﬂﬁm%"mmuﬁﬁwm"hi'lmg'ﬁﬂfuﬂ1sqq,uﬁﬂﬁﬁa‘lﬁ'nﬁﬂmm

Fouluunusreiinsan ldvnnsgadendmasssTafioisdamon

Core Loss Core Loss
(mW/cm?) 100 KHz (mW/cm?) 100 KHz
1000 = a7 S0 KHz 1000 = HEASAAASO KHz
— 100° ity e assat 100° Ay
3 g‘ FA—20 KHz Tiod il
S FAVARIRII Sl /1720 KHz
S 7116 Kt 5 ,/ i
100° , AN 100 A LiA Sl Kt
7 7 F 5 KHz] = 1:' A5 KHzH
RS AV A1 (11 AT AT yANRT aATARE
T
// ,l) /"rj'lhizi' AR 8i11'08 'zslfl_llzu
10 / A // ! KHz 10 / / 41 KHz
,I" III’ II " I’ : ,7’ II'I 1 ll' III' l’ 7 L II' ’Il' II.
7 i 7 ] 7 13 s I 4
Fevlivay 7 T Y7 A7 70 7
/ JAVAR ATV (1T ’ Vl' V/
1 A4 / / / . 1 4 ‘7/ A/ / #/
100 1000 3000 100 1000 3000
B (Gauss) B (Gauss)
(n) 3C8 (¥) 3C6

517 5.7 uﬁmﬂ1nTiﬂmzmﬁuununﬂaé’"lmvmnuams
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5.10.1 WaNMIRNszuaii 19890 1ANGIUNI ( Skin Effect )
a 3 3 [ ) 1 o + ]
anueding  HuFefiFondsingmsaimaTithesranils fildamaamuuniy
a Qo ' 1 y < -3 s
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snflumsiiaiuihnisunvesmaneuns taziinamieuiufihassuavesniansuag
anneenRufimhdaduvesiunnfveimanewasinaunluiionowung aufegaiien
ArnmuInivvesnsiniifnaaamie 37% vessmimmuuniuii svidonsvesiin
iy skin depth  Awmmaslupld s.10 AnumnvesRh AR

dmSualanauasii 100°C

100%

AMUMIUNNNTEUA

— 37%

¥

714 5.10 uomsszeziifeiuflufiuAninszug 8 Ao szezfimanumuuniu
I~} 3 4 \ v d'ﬂ
Aszuaiinnanundamed 37 % vesmanumuuniunszuaRRuenga

a o ' 562 =~ o
ArmvueHItInTsuaslia & = —  yaauunag (5-5)
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6.4 AUNIIMIEBALLUIASIEM IA 11 IR Core Geometry Kg Approach
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pan1INARR |
Vrms (V) 25 50 75 100 125
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GENERAL MATERIAL PROPERTIES

daterial Reference Temp. Coef. Cocf of Material Relative Color

f;ﬁx No. Permcability of Perm. Lin. Expan. Density Cost Code

g o) (+ppm/°Q) {(+ppm/°C) (g/fcm3)

b2 to 95 13 5.0 23 Red, e

. -8 315 255 12 6.5 4.0 Yellow/Red

! 18 35 385 12 6.6 18 Green/Red
=26 75 825 10 7.0 1.2 Yellow/\White

{ -28 22 415 11 6.0 1.7 Gray/Green

‘ -33 33 635 11 6.3 1.6 Gray/Nellow
-10 (0 950 10 6.9 1.0 Green/Yellow

; -52 75 650 7.0 1.4 Greew/Blue

Note: For information on Alix No.’s 1, 3,4, 6, 7,10, 12, 15, 17, 42 and 0 see MICROMETALS

Catalog 3; Iron Powder Cores Tor RF Applications.

3
CORE LOSS COMPARISGN (mW/ci?) PERMEABILITY WITH DC BIAS
laterial 60 Hz 1KHz 10KHz 50KHz 100KHz 500KHz Hpc = 50 Oersteds
Aix No.  @5000G @1500G @500G @225G @140G @50G Y% o Heffective
;-2 . . . 29 23 15 100% 10.0
-8 150 70 47 41 31 14 91% 319
; 18 168 80 53 43 36 26 74% 40.7
.26 12 56 65 90 88 124 51% 38.3
-28 88 93 117 165 170 175 91% 20.0
33 90 90 105 160 145 155 84% 27.7
-40 39 49 78 112 115 155 62% 37.2
l -52 52 62 59 62 54 63 59% 44.3
|
]
J
\TERIAL APPLICATIONS
: Material (Mix No.)
Typical Application -2 -8 18 -26 -28 -33 -40  -52
Light Dimmer Chokes X X
Bo Hz Difierential-mode EMI Line Chokes X X X
PC Output Chokes: <50 K4z or Jow EYVN X X X X "
DC Qutput Chokes: 230 Ktz or higher EYN X X X - ) X
Power Factor Correction Chokes: < 50 KHz X X X X
Power. Factor Correction Chokes: 2 50 KHz X X X X

Resonant Inductors: 2 50 KHz X

-
E .
Material The low permeability of this material will
alt in a lower operating AC flux density than with
or materials with no additional gap-loss.

Material This material has low core loss and good
arity under high bias conditions. A good high
yuency malerial. The highest cost material.

 Material This material has low core loss similar to
-8 Malerial with higher permeability and a lower
t. Good DC saturation characteristics.

' Material The most popular material. It is a cosl-
ctive general purpose material that is useful in a
le variety of power conversion and line filter
lications.

-28 Material The good linearity, low cost, and relatively
low permeability of this material make it popular in the
larger sizes for high power UPS chokes.

-33 Material An inexpensive alternate to the -8 Material
for applications where high frequency core loss is not
critical. Good linearity with high bias.

-40 Material The least expensive material. It has
characteristics quite similar to the very popular -26
Material. Popular in the larger sizes.

-52 Material This material has lower core loss at high
frequency and the same permeability as the -26 Material.
Itis very popular for new high frequency choke designs.




wnansiiduenarsianubidnsunislynuiiensfnwimniu lueygysinilulsdsslesuaunisan

luansdllas vidu Bnnanuiludnudadlienuaspesesdadaaivedenarsynasaninisiiluly



wnansiiduenarsianubidnsunislynuiionsfnwmntiu lueygsinilulsdsslesuaunisan

lunsdllag viedu Bnnsnuiludnuadlionuasaesesdafaaivedenarsynasaninisiiluly



wnansiidwenarsianubidmsunislynuiiensfinwimuu lueuygnlnillsdsslosuaunisan

lunsdllag visdu Bnnamuiludaudadlienuasnesedaiuaivetenarsynasminisinltuly



wnanstduenansianubidmsunmslynuiiensfinwimiu lueugalmirlulydsslosuaiunisen

lunsdllag visdu Bnvanuiludaudadlienuasnesendaduarvetenaisynasaminisintuly



—

Lol J—

T S vt eww

IRFP460

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
Verjoss Drain-to-Source Breakdown Voltage 500 | — —_ V| Vas=0V, fo= 250uA
AV(srioss/AT,| Breakdown Voltage Temp. Coefficient — (063 | — | VPC |Reference to 25°C, Ip= 1mA
Rpson Static Drain-to-Source On-Resistance — | — 1027]| Q |Ves=10V,Ip=12A @
Vasn) Gate Threshold Voltage 20 | — | 40 | V_|Vos=Vgs, lo=250pA
Os Forward Transconductance 13 — | - S |Vos=50V, lo=12A ®
loss Drain-to-Source Leakage Current : : :550 pA xﬁx& xz:gz. -y
less Gate-to-Source Forward Leakage —_ — | 100 nA Vas=20V
Gate-to-Source Reverse Leakage — | — {-100 Vgs=-20V
Qg Total Gate Charge _ — | 210 o=20A
Qs Gate-to-Source Charge — | — { 29 | nC |Vps=400V
Qga Gate-to-Drain ("Miller”) Charge — — {1 110 Vgs=10V See Fig. 6 and 13 @
tafon) Tum-On Delay Time — | 18 { — Vop=250V
tr Rise Time — 59 — ns Ib=20A
tatot) " | Tum-Off Delay Time — | 110 | — Re=4.3Q
] Fall Time - 58 — Rp=13Q See Figure 10 ®
Lo Intemal Drain Inductance — |50 ] — g?,,“fnef(;‘ _zlg?: )
nH | from package o
Ls Intemnal Source Inductance — | 13| — and center of
die contact s
i Ciss Input Capacitance — 4200 — Vas=0V
. Coss Output Capacitance — 870 — | pF |Vps=25v
: Crss Reverse Transfer Capacitance — 1350 | — f=1.0MHz_See Figure 5
Source-Drain Ratings and Characteristics
Paramester Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current _ - 20 MOSFET symbol o
(Body Diode) A |showingthe @
Ism Pulsed Source Current — | — ] 80 integral reverse ¢
(Body Dlodé) © p-n junction diode. is
Vsop Diode Forward Voltage —_ -—_ 1.8 V | T=25°C, 1s=20A, Vgs=0V @
ter Reverse Recovery Time — ] 570 | 860 { ns |Ts=25°C, I==20A
Qr Reverse Recovery Charge — | 57 { 86 | pC |di/di=100Alus @
ton Forward Tum-On Time Intrinsle turm-on tme is neglegible (tum-on is dominated by Ls+Lp)
Notes:

@ Repetitive rating; pulse width limited by

max. junction temperature (See Figure 11)

@ Vpo=50V, starting Ty=25°C, L=4.3mH

RG=25Q, 1as=20A (See Figure 12)

@ 1sp<20A, di/dt<160A/us, VoosV(eR)DSS,
Tys150°C

@ Pulse width < 300 us; duty cycle <2%.
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IRFP460

Ip, Drain Current (Amps)

Ip, Drain Current (Amps)

vee
Wwid 13y
10V
8.8y
7.8v) .
[RM /
aavron _%.6¥ )
10! E{
) 4
y } 4.5V
20us PULSE WIDTH
Tc = 259
100
100 10!

Vps, Drain-to-Source Voltage (volts)

Fig 1. Typical Output Characteristics,

Tc=25°C
vd
ya
7/
- 150% ,/A
10! ~/
y A
A r 4
YAV
‘ éﬁz&%
o0 Vpgg = SOV
20us PULSE WIDTH
4 8 [] 30

Vgs, Gate-to-Source Voitage (volts)

Fig 3. Typical Transfer Characteristics

ror ;:3 .o
o
siov|
— |nlm 4.8V /
£
< "
= ot
t ¥ 4 5V =
[
=]
£
o
Q V.
s |/
4
20us PULSE WIDTH
Te = 150°C
0
19,00 108
Vps, Drain-to-Source Voltage (volts)
Fig 2. Typical Output Characteristics,
Tc=150°C
3.5
Ip = 20A
:
_‘é a0
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — See page 1517
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TL494
TL495

Specifications and Applications
Information

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

The TL494 ard: TLA9S are fixed frequency, pulse width modu-
lation control circuits designed primarily for Switchmode power
supply control. These deyices feature:

o Complete Pulse Width Modulation Contro! Circuitry

@ On-Chip Oscillator With Master Or Slave Operation

¢ On-Chip Error Amplifiers

® On-Chip 5 Volt Reéference

* Adjustable Dead-Time Controf

¢ Uncommitted Output Transistors For 200 mA Source Or Sink

e Qutput Control For Push-Pull Or Single-Ended Operation

o On-Chip 39 Volt Zener (TL495 Only) * .

& Output Steering Control {TL435 Only} ’ )

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL €IRCUITS

SILICON'MONCLITHIC
INTEGRATED CIRCUITS

TL494

N SUFFIX
PLASTIC PACKAGE
CASE 648-05

J SUFFIX
CERAMIC PACKAGE
CASE 620-02

PIN CONNECTIONS

- TL494 TL49S
. S
Non-tnv [ 8] Monnv
tnput Input
Non-nv L Inv
E]lnpm hout 2 E vee s 7] tnpun
inv PWM Comn 16| Veot
|npu| v
Deac,
z]vm Time] ¢ H 15] V2
Controt
OQuipnt | < Output
13 fcontol crfs H '] Controt
Oscillator
2]V, [ E 3] Steering
E] cc T Controt

(11]e2  Groune E E vee

TL495

N SUFFIX
PLASTIC PACKAGE
CASE 707-02

J SUFFIX
CERAMIC PACKAGE
CASE 726-01

ORDERING INFORMATION

Ry
wje2 C‘E _’_l] ¢ Temperature
A a Q2 Device Range Package
€
o e afs] )& TL494CN 0 To 70°C Plastic DIP
(Top View) (Top View! TL494CJ 0 To 70°C Ceramic DIP
TLA%4IN —-25 To 85°C Plastic DIP
TL4941J -25 To 85°C Ceramic DIP
. TL494MY -55 To 125°C Ceramic DIP
The TL494C/495C are specified over the commercial operating
range of 0°C to 70°C. The TL4941/435I are specified over the in- TLAISCN 0 To 70°C Plastic DIP
dustrial range of — 25°C to 85°C. The TL494M is specified over the TL495CY 0 To 70°C Ceramic DIP
{full mitita f — °C.
ull mifitary range of —55°C to 125°C TLA95IN -25To85°C | Plastic OIP
TL495L -25 To 85°C Ceramic DIP

MOTOROLA LINEAR/INTERFACE DEVICES
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TL494, TL495

FIGURE 1 — BLOCK DIAGRAM
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TL494, TL495

Description

The TL494/495 are fixed-frequency pulse width mod-
ulation contro! circuit, incorporating the primary build-
ing blocks required for the controi of a switching power
supply. {See Figure 1.) An internal-linear sav/tooth os-
cillator is frequency-programmable by two externai
components, Ry and Ct. The oscillator frequency is
determined by:

{ 1.1
osc RT . CT

2

Output pulse width modulation is accomplished by
comparison of the positive Ssawtooth waveform across
capacitor Cy to either of two contro! signals. The NOR
gates, which drive output transistors Q1 and Q2, are
enabled onty when the flip-flop clock-input line is in its
low state. This happens only during that portion of time
when the sawtooth voltage is greater than the contro!
signals. Therefore, an increase in control-signal ampli-
tude causes a corresponding linear decrease of output
pulse width. (Refer to the timing diagram shown in Fige
ure 2.)

The control sigr{a!s are external inputs that can be fed
into the dead-time control, the arror amplifier inputs.
or the feedback input, The dead-time control compar-
ator has an effective 120 mV input offset which limits
the minimum output dead time 10 approximately the
first 4% of the sawtooth-cycle ume. This would resuit
in a maximum duty cycle on a given output of 96% with
the output control grounded, and 48% with it connected
to the reference line. Additiona! dead time may be im-
posed on the output by setling the dead time-contro!
input to a fixed voltage, ranging between 0 to 3.3 V.,

The pulse width modulator comparator provides a
means for the error amplifiers to adjust the output pulse
width from the maximum percent on-time; established
by the dead time contro! input, down to zero, as the

voltage at the feedback pin varies from 0.5 t0 3.5 V. Both
error amplifiers have a common-mode input range from
-0.3Vto(Vce -2Vl and may be used to sense power-
supply output voltage and current. The error-amplifier
outputs are active high and are ORed together at the
non-inverting input of the pulse-width modulator com-
parator. With this configuration, the 'ampiiﬁer that de-
mands minimum output on time, dominates control of
the loop.

When capacitor C is discharged, a positive pulse is
generated on the output of the dead-time comparator,
which clocks the pulse-steering flip-flop and inhibits the
output transistors, Q1 and Q2. With the output-control
connected to the reference line, the pulse-steering flip-
flop directs the modulated pulses to each of the two
output transistors alternately for push-pull operation.
The output frequency is equal to half that of the oscil-
lator. Qutput drive can also be taken from Q1 or Qz,
when single*ended operation with a maximum on-time
of less than 50% is required. This is desirable when the
output transformer has a ringback winding with a catch
diode used for snubbing. When higher output-drive cur-
rents are required for single-ended operation, Q1 and
Q2 may be'connected in paraltel. and the output-mode

.pin must be tied to ground to disable the flip-flop. The

output frequency will now be equal to that of the
oscillator. '

The TL494/495 has an internal 5.0 V reference capable
of sourcing up to 10 mA of load current for external bias
circuits. The reference has an accuracy of =5% with a
thermal drift of less than 50 mV over an operating tem-
perature range of 0 to 70°C.

The TL495 contains an on-chip 39 volt zener diode for
high voltage applications where V¢ is greater than 40
volts, and an output steering control that overrides the
internal control of the pulse-steering flip-flop. {Refer to
the functional table shown in Figure 3.)

FIGURE 3 — FUNCTIONAL TABLE

tnputs fout
Output Steering Output Function ) =
Control .. Controt osc
Grounded Open Single-ended P.W.M. at Q1 and Q2 1
At Vet Open Push-pull operation ’ 05
At Vot V1 <04V Single-ended P.W.M, at Q1 only 1
At Vief V1 >24V Single-ended P.W.M. at Q2 only 1

See Engineering Bulletin EB100 for further information.

-
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TL494, TL435

MAXIMUM RATINGS (Fult operating ambient temperature range applies unless otherwise noted.}

Rating Symboi TL494aM TL494UTL49SI TL494C/TL495C Unit

Power Supply Voltage Vee 42 42 42 \
Collector Output Voltage Vel Ve2 42 42 42 \A
Coliector Output Current {each transistor) ic1. ¢ 250 250 250 mA
Amplifier Input Voitage Vin Vee + 30 Vee - 39 Vee + 3.0 \
Power Dissipation (v Tp < 45°C Pp 1000 1000 1000 mw
Operating Junction Temperature LX) 150 150 150 *C
Operating Ambient Temperature Range TA -5510 125 -25to 83 0to 70 °C
Storage Temperature Range Tstg -651t0 +150 ~6510 - 130 -65to +150 °C
THERMAL CHARACTERISTICS

Characteristics Symbo! | J Suffix Ceramic Package ; N Suffix Plastic Package Unit
Thermal Resistance, Junction to Ambient RoJA 100 80 “CW
Power Derating Factor TRAJA 10.0 12,5, mwW"C
Derating Ambient Temperature Ta 50 45 °C
RECOMMENDED OPERATING CONDITIONS

TL494/TL495

Coadition/Value Symbol Min Typ Max Unit
Power Supply Voitage vee 7.0 15 40 v
Cotlector Output Voltage Vel Vo2 —_ 30 a0 v
Collector Output Current {each transistor) e g2 - -— 200 mA
Amplifier Input Voltage Vin ~0.3 — Vee ~ 2.0 v
Current Into Feedback Terminal b, - — 0.3 mA
Reference Output Current Iref — — 10 mA
Timing Resistor . RT 1.8 ~ 30 500 k
Timing Capecitor j Cr 0.47 1e 10,000 nf
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vee = 15 V. fggc = 10 kHz unless otherwise noted.}!
For typical values Tp = 25°C, for min/max values T4 is the operating ambient temperature rarge that applies unless otherwise

noted.
. % TL4%4AM TL494C, VTL4S5C I
Characteristic Symbol Min ] Typ I Max Min l Typ ] Max Unit

REFERENCE SECTION .

Reference Voitage Vref 4.75 5.0 5.25 275 g 5.0 6.25 v
{lo = 1.0 mA) H

Reference Voltage Change with 'f’emperature AVeef (AT} - d.2 20 - j 13 2.6 %
{ATA = Min to Max) - |

Input Regutation Regline - 20 25 — l 2.0 25 mv
Vec =7.0Vi040V) b

Output Regulation Regload | — 3.0 15 F — | 30 15 mv
{io = 1.0 mAto 10 mA} i

Short-Circuit Output Current Isc 10 35 50 - ! 35 — mA
Vet = 0V, Ty = 25°C) {

MOTOROLA LINEAR/INTERFACE DEVICES
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TL494, TL495

ELECTRICAL CHARACTERISTICS (Ve = 15V, fosc = 10 kHz uniess otherwise noted.}
For typical values Tp = 25°C, for min/max values Tp is the operating ambient temperature range that applies unless otherwise

noted.
. Y TL434M TL494C, UTL495C, |
Characteristic Symbol Min l Typ l Max Min l Typ l Max Unit
OUTPUT SECTION
Collector Off-State Current Ico#i — 2.0 100 — 2.0 100 pA
(Voe = 40V, Veg = 40 V)
Emitter Off-State Current g, | — - -150 - - -100 pA
(Veg = 40V, Ve = 40V, Ve = O V) i
Collector-Emitter Saturation Voltage Vs | — 11 1.5 — 11 13 v
Common-Eminer'
(VE = 0V, I¢ = 200 mA)
Emitter-Follower Vga- €1 —_ 1.5 2.5 — 1.5 25 v
(Ve = 15V, 1g = —200 mA) !
Output Control Pin Current L oo - 10 — — 10 - uA
Low State | ;
(Voc <04V . |
High State oo — 0.2° 35 - 0.2 35 mA
(VoCc = Veetl _ ~ :
Qutput Voltage Rise Fime {Tp = 25°C) - - 100 200 - 100 200 ns
Common-Emitter {See Figure 13} . . .
Emitter-Follower {See Figure 14} -~ 100 200 — 100 200 ns
Qutput Voltage Fall Time (Tp = 25°C) " B - - 25 . 100 —_ 25 100 ns
Common-Emitter (See Figure 131 H :
Emitter-Follower {See Figure 14} i - 40 100 — 40 100 ns
J _ TLas4/TLAgS
Cheracteristic 1 Symbol ! Min J Typ 1 Max Unit
ERROR AMPLIFIER SECTIONS N
input Offset 'Vollage Vie — 2.0 10 mV
(VO (Pin 3) = 2.5 V)
lnput Offset Current ' Lo —_ 5.0 250 nA
(VO (Pin 3} = 2.5V}
input Bias Current .- LE) —_ 0.1 1.0 pA
VO (Pin 3) = 25 V)
fnput Common-Mode Voltage Range VIR -03 -— Vee - 2.0 A
(Ve = 7.0Vt0 40 V) . .
Open-Loop Voltage Gain AvoL 70 95 — dB
{AvQg =30V, V0 = 05t0 35V,
AL = 2.0k0)
Unity-Gain Crossover Frequency fc -_ 350 — kHz
(Vo = 051035 V, R = 2.0 k(1)
Phase Margin st Unity-Gain om —_ 65 _ deg.
(Vo = 051035V, R = 2.0k -
Common-Mode Rejection Ratio CMAR 65 90 ds
fVec = 40 V)
Power Supply Rejection Ratio PSAR —_ 100 — ds
(AVee = 33V, Vg = 25V, R = 2.0 k()
Qutput Sink Current lo- 0.3 0.7 —_— mA
(Vo (Pin3) = 0.7 V).
Output Source Current lo- -20 -4,0 —_ mA
(VO (Pin3) = 3.5V}

MOTOROLA LINEAR/INTERFACE DEVICES
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TL494, TL4S5

ELECTRICAL CHARACTERISTICS (Veg = 15V, fagec = 10 kHz unless otherwise noted.)
For typical values Tp = 25°C, for min/max values T is the operating ambient temperature range that applies unless otherwise

noted.
TLA4S4/TLA9S
. Characteristic Symbol Min l Typ J Max Unit
PWM COMPARATOR SECTION (Test Circuit Figure 12}
input Threshold Voltage i VTH - 35 45 v
{Zero duty cycle) i
input Sink Current i - 0.3 0.7 — mA
IV (pin 3) = 0.7V} :
DEAD-TIME CONTROL SECTION (Test Circuit Figure 124
irput Bias Current (Pin 4) 18 (OT) - -2.0 ~10 nA
Vin = 010 5.25 V)
Meximum Duty Cycle, Each Output, Push-Pull Mode OCmax %
Vin = OV.CT = 0.1 uF, RT = 12k} 45 ag &0
Vin = 0V, Ct = 0.001 uF, RT = 30 %) - 45 50
input, Threshold Voltage (Pin 4) VTH \
tZero Duty Cycle) — 2.8 33
{(Maximum Duty Cycle) 0 - —_
OSCILLATOR SECTION
Frequency fosc - 40 —_ kHz
iCr = 0.001 uF, RT = 30 k()
Standard Deviation of Frequency* alosc — 3.0 — %
€T = 0.001 »F, By = 30 k()
Frequency Change with Voltage Mosz (aV) - 0. —_ %
Vee = 7.0V1040V, Ta = 25°C)
Frequency Change with Temperature Aose (aT) — — 12 %
iATp = Tiow t0 Thighl (T = 0.01 uf. Ry = 12kl
TLA9S
Characteristic Symbal min [ Tvp Max Unit
STEERING CONTROL . -
Input Current Low IsTL —_— -25 -200 HA
Vipin 13) = 04 V)
Input Current High v ISTH uA
Vipin 13) = 24V) —_ 25 200
WiPin 13) = Vref) L _ 75 -
ZENER CHARACTERISTICS )
Zener Breakdown Voltage iovz - 33 - v
iz = 2.0 mA)
Sink Current Rz — 0.3 ~— mA
WVipin 15) = 1.0 V)
TOTAL DEVICE -
Standby Supply Current fce '3 mA
{Pin 6 at Vyef. All Other inputs and Outputs Open)
tVee = 15V) — 5.5 10
Wee = V) _ 7.0 15
Average Supply Current - - 7.0 —_ mA

V(pin 4) = 2.0 V} (See Figure 12.}
{CT = 0.001, RT = 12k, Vog = 15V)

T
'
{
i
'

* S:andard devislion is 2 measure of the statistical distribution 2bout the mean as derived from the formula, o =

MOTbROLA LINEAR/INTERFACE DEVICES
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FIGURE 4 — OSCILLATOR FREQUENCY

FIGURE 5 — OPEN LOOP VOLTAGE GAIN AND PHASE
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FIGURE 10 — STANDBY-SUPPLY CURRENT
versus SUPPLY VOLTAGE
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FIGURE 11 — ERROR AMPLIFIER CHARACTERISTICS
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FIGURE 13 — COMMON-EMITTER CONFIGURATION
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FIGURE 12 — DEAD-TIME AND FEEDBACK CONTROL
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FIGURE 14 — EMITTER-FOLLOWER CONFIGURATION
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i FIGURE 15 — ERROR-AMPLIFIER SENSING TECHNIQUES
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i /1 System /2
;
3
' NEGATIVE OUTPUT VOLTAGE *  ”1
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FIGURE 17 — SOFT-START CIRCUIT

FIGURE 16 — DEAD-TIME CONTROL CIRCUIT
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FIGURE 19 — SLAVING TWO OR MORE CONTROL CIRCUITS
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FIGURE 20 — OPERATION WITH Vin > 40 V USING
INTERNAL ZENER (TL495 ONLY)
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FIGURE 21 — PULSE-WIDTH MODWLATED PUSH-PULL CONVERTER
“Vip = 80t020V
O
124> “Vg = 28V
IN4934 0.2 A
Y. vee
&- 2 -
'3 3
> C
{Ewva Comp TLA%4
0.01 0.0171 15
- L 50
16 kLAY
+  OC Vyef DT CT Ry Gnd €1 €2
13] 4| 4y 5 PL 71 91 10
WA &6 4
a7k ! 0} X 315k
47k3  10k3 0001
o- +——o y —O0
* Lnd

L1—35mH@0.3A

Alt capacitors in uF

T1— Primary: 20T C.T. #28 AWG -
Secondary: 120T C.T. #36 AWG
Core: Ferroxcube 1408P-L00-3C8

TEST CONDITIONS RESULTS
Line Regulation Vin = 801020V 3.0mv 0.01%
Load Regulation g lVin = 126V, 10 = 0.21t0 200 mA 50 mV 0.02%
Qutput Ripple Vin = 126 V. i = 200 mA 40 mV P-P P.A.R.D.
Short Circuit Current Vin = 126 V.R = 0.1 0 250 mA
Efficiency Vin = 128V, 10 = 200 mA 72%

MOTOROLA LINEAR/INTERFACE DEVICES
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FIGURE 22 — PULSE-WIDTH MODULATED STEP-DOWN CONVERTER

+Vip = 1010 40V TP 324 1omH @ 2A +Vg = 50V
[og Y'Y —0
o=10A
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Vee [} czComp 301,,. b
2
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15 L 500
- f—o—p v A MRES0 jov
. 16 5.1k
Ct AT D.T.0.C.Gnd E1 E2
+| 50
1 h:] -
5 (6 37 10 ! 10V
3 150
3
N 0.001 T a7k
- 2
& s g 4 O
4 &
201
.0 TS
All capacitors in uF
[
TEST -~ CONDITIONS RESULYS
Line Regulation Vip = 10Vtod0V 4mvV  0.28%
Load Regulation Vin=28V,ig = 1.0mAto 10 mA 30mv  0.06%
Qutput Ripple Vin~ 28V, i = 1.0A 65mVPP PARD.
Short Circuit Current -+ |- Vi = 28V, Ry = 0.1 0} 1.6 amps
Efficiency in = 28V,lp = 10A 1%
~
&
2
[
- *
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" :ANALOG/VIDEO . HePL
'OPTOCOUPLER |~ .

«HCPL‘;‘ASGZ.: :

. * HIGH VOLTAGE GAIN: 2.0111 :
' ¢ LOW TEMPERATURE COEFFICIENT (Gv )

I e (Jﬂﬂ -
!M (3%

OUTLINE DRAWING 0.18 (.007)

T T

—ol l#——!,n (070} MAX,
119 (D471 MAX,

s WIDE BANDWIDTH: 17 MHz"] oo

-0.3% PER *CIi1]
¢ HIGHLY LINEAR AT LOW DRIVE CURRENTS
* HIGH-SPEED AlGaAs EMITTER - :.° : !

¢ RECOGNIZED UNDER THE COMPONENT ::.:
PROGRAM OF U.L. (FILE NO. E55361) FOR.

‘ DIELECTRIC WITHSTAND PROOF VOLTAGES

' OF 2500 VAC, 1 MINUTE AND 5000 VAC;-

=l 1 MINUTE (OPTION 020). ! j_ SR
¢ VDE 0883 APPROVAL AVAILABLE" fat
Description , T

‘The HCPL-4562 optocoupler provides wlde—bandwldth lso-

‘combined with its application circuit (Figure 4), High linear-
Mty and- low phase shift are achieved through an 820nm
‘AlGaAs emitter, combined with a hagh-speed detector.

Applications " - g #

"le VIDEO ISOLATION FOR THE FOLLOWING‘ .
.| STANDARDS/FORMATS: NTSC, PAL, SECAM, |

S-VHS, ANALOG RGB. N i

: !0 LOW-DRIVE-CURRENT FEEDBACK ELEMENT IN )
:i  SWITCHING POWER SUPPLIES 6. g FOR ISDN

te,

. NETWORKS
¢ A/D CONVERTER SIGNAL ISOLATION

JAation for analog signals. 1t is ideal for video isolation when .

‘uo(.ins)w\x "CE p hd Vec ‘
—_—— mootE 7 7lve ,
l | ‘_Lj_oﬁl(uomamoo:[:} -
’7-.i 030} ."’IL—Osswzsxu“mmm nefa s lono
e . | )
DIMENSIONS tN MILLIMETRES AMD (INCHES), P ,‘1:_::5 ‘5,;:,.:..1‘2 ‘\.'Efj.;' R :,‘,‘"';«:_
Features R Recommendeq Operatmg
=* conditions "™ . . W

OperaﬂngTemperature Tl
lQunescent Input Current — 'Fo i3
‘Peak Input Current ) I;

i{x‘,,’:‘.f

Absolute Maxlmum Ratmgs
- ,Storage Tempera(ure‘ .............. f

Operating Temperature, {’ u., ............. -40°C to +85°C
‘Lead Solder Temperature

A i (1.6mm below seating plane)
L Average Input Curtent — g, vueeesnarnnnnnnn, 12mADC
Peak input Cutrent — L S 18.6 mA
Effective Input Current — Ig .. .............. 129 mA'rms

- iSupply Voltage — Ve (Pin 8-5) ........... -0.3V.t0 30V

; Output Voltage — Vo (Pin 6:5) ............ --0.3V%o 20V

: Reverse Input Voltage — Vg (Pin 3-2) . ceseas. 18V
Emmer-Base Reverse Voltage (Pin 5—7) AR

i Peak Output Current lo(Pin6) ....covvvvn..... 16 mA
. Average Output Current ~— Io (Pin6) .........,~, 8 mA
Base Current — Ig (Pin 7) ........... et ety e S MA

" Output Power Dissipationl ................... 100 mW

) . i L. R

. CAUTION The small /uncllon ,slzos lnherent to tho deslgn oI this
’ :blpolar compaonent. Increase the component’s susceplibility . to
_ idamage from électrgstatic dlscharge (ESD). It Is ,advised that
< i normal static precdutions be taken In handling and assembly ol
this component to prevent damage and/or degradation whlch may
belnduced by ESD. 4. vy e )n b g

i -

. ¢ ANALOG SIGNAL GROUND ISOLATION : ..
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DC Electrical Speciﬁcatipns (Ta =25°C)

Parameter Symbol Min. | Typ. | Max. | Units | Test Conditions .
Base Photo Current Ipg 13 32 65 pA |le=10mA, Vpg25V
. 192 pA [le=6mA, Vpg2 5V
Ipg Temperature Coefficient Alpg/AT 0.3 %/°C [2mA<Ip <10 mA, Vpg 25V
|pg Nonlinearity 025 % [2mA<iz<10mA r
tnput Forward Voltage Ve 11 13 | 16 V |lg=5mA )
Input Reverse Breakdown ’
Voitage 8Vr 18 5 V |lg=10pA
Transistor Current Gain hee 60 | 160 Ic=1mA Ve =125V
Current Transfer Ratio CTR 45 % {lp=6mA Vce=125V,
Veg 25V
DC Output Voltage Vo 4.25 vV 1Gy=2Vec=9V
{nput-Output Resistance Ri.o 1072 Vi.o =500V
Input-Output Capacitance Cro 0.6 pF. {1=1MHz
fnput-Output Insulation Viso 2500 Vams |RH < 50%, t = 1 min.
|OPTION 020 Viso | 5000

\

Small-Signal Characteristics , « zs-c uness oterwise note

Parameter .Symbol | Min. { Typ. | Max. | Units | Test Conditions Figure | Notes z
Voltage Gain Gy(0A1MHz)| .08 | 20 | 42 V=1V, AR
Gy Temperature Coefficient AG /AT -£3 %/°C |vin=1Vpp =01 MHz 1,11, ;J'.;‘i,. 3
Base Photo Current Variation Aipg “ " 11 | 30 | -08 [irg=6mA, vn=1 Voo 3,10, { ‘B
(6 MHz) frer = 0.1 MHz 12 o
-3 dB Frequency {ipg) irg(-30B)| 6 | 15 MHz fvin=1Vp 5 taep =01 MHz - | 3, 10,] “17 ¢
M legg=6 mA % RV I B _
-3 dB Frequency (Gy) GyW{-3dB) | 6 17 MHz |vin= 1V, frep = 0.1 MHz 1,1 |5 % *
Gain Variation AGW{6 MHz) 08 =08 |Ta=-10°C, =1V, n ” k3
frer = 0.1 MHz FORlE
11 ] 30 | 0B |vn=1V,p faer =01 MHz 11 ot B
15 ~dB |TA=70°C, in =1V, MRR IR RS L 5
fagr = 0.1 MHz ) PR
AGy 115 ~dB [win=1Vpy fagr = 01 MHz M
(10 MHz) L
Differential Gain 1 % | lrec=07 mA pk-pk, ° 4
legc =3 t0 S mA, z
f=3.58 MHz 1
Differential Phase +1 deg. | Ipae = 0.7 mA pk-pk, %
Irgc =310 9 mA, -]
{=3.58 MHz ¢ »l
Total Harmonic Distortion THD 25 % | 1=358MHz, Gy=2, 4 [0 |
V.N=1V,.,,.IFQ=6mA .3 5]
Output Noise Voitage Vonotse 950 | -~ |#Vams| 10 Hz to 10 MHz 1 . F Q
isolation Mode a7 . - :
Rejection Ratio IMRR s 122 dB | f=120Hz, Gy=2 14




Insulation Related Specifications

Parameter Symbol Vaive Units Condillons
Min. Air Gap (C! L{01) 27 mm Measured from input terminals to output terminals
Min. External Tracking Path (Creepage) L(02) 27 mm M d from input 10 output termi
Min. Internal Plastic Gap (Clearance} .08 mm Through insulation distance conductor to conduetor
Tracking Resistance 7 cti 175 Volts OIN IEC 112/VDE 0303 Part 1
Isolation Group (per DIN VDE 0109) ila Material Group DIN VDE 0109
Notes: ~ .
1. When used in the circult of Figure 1 or Figure 4: Gy = voyt/ViN-
2. Derate linearly above 70°C free-air temperature at a rate of 2.0 mW/°C.
3. Maximum variation from the best fit line of lpg vs. IF expressed as a percentage of the peak-to-peak full-scale output.
4. CURRENT TRANSFER RATIO Is defined as the ratio of output collector current, lg, to the forward LED input current, g, times
100%.
5. Dovice considered a two-termina!l device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together.
6. Flat-band small-signal voitage gain.
7. The frequency at which the gain is 3 dB below the flat-band gain.
8. Ditferential gain is the change in the smali-signal gain of the optocoupler at 3.58 MHz as the bias leve! is varied over a given range.
9. Ditfs lal phase is the change In the small-signal phase response of the optocoupler at 3.58 MHz as the bias tevel is varied over

& given range.
10. TOTAL HARMONIC DISTORTION Is defined es the square root of the sum of the square of each harmonic distortion component.
11. ISOLATION MODE REJECTION RATIO, & measure of tha optocoupler's abliity 10 relect signats or noise that may exist between
Input and output terminals, is defined by (vout/Ve)/(Voutivim). where vy [s the Isolation mode voitage signal,

E T ' —O0 0V
"-°"°_‘L—C 71— neZs0skn R TS02
3 o
‘) li’ & -
Og

QAINPHASE
ANALYZER

Ry
02 Qy- 04 = 2K3904

NOTE: ALL RESISTORS ARE T% TOLERANCE; EXCEPT A {1620 =05 Q).

Flgure 1. Gain and Bendwidth Test Circuit

+8.0V
ot —
\ %1 -

gl
Sen
-8 <
b S e
o—7} 7 r CANALYZER = J_.— ANALYZER
~
} Z] - Qy = 2NI904

NOTE: ALL %ETTTORS ARE 1% TOLERANCE

-

Figure 2. Base Photo Current Test Clrcuit Figure 3. Base Photo Current Frequescy Response Test Clrcuit A
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Figure 16. Output Buffer Stage for Low tgnpcdtucc Loads

Design Considerations of the
Application Circuit

The application circuit in Flgufe 4 mcorporates several
features that help maximize the bandwidth performance of
the HCPL-4562. Most imponant of these features.is peaked
response oi the detector ‘circuit that helps extend the
1requency range over which’the voltage gam is, relatively
constant. The ‘number of gain stages, the, overall circuit
topology and lhe choice of DC bias pomts are alt conse-
quences of the desnre to maximize bandwndth performance.

To use thé curcuut hrst select R, to set Vg for the desired

LEquescentcurrentby‘ t LI

GyVeRy % & . (1)
= (App/di) Ry Ry
For a constant value of v;y__. the circuit topology (adjusting
the gain with Ry} preserves linearity by keeping the modula-

tionfactor (MF) dependent'only on' Vg, i+t *+ 7 ¢t
iFN’ = vin/Ry (2)
ke, 5 ipg, _ vin,,,, @A)
IFa  lpeq Ve
VIN " (4)
Modulatlon Factor(MF) o, =22
2igq 2VE o

For a given Gy, Vg. and Vce. DC output voltage will vary
only with hFEX

4
i

. Ry ~ (5)
Vo = Vec—Vee, - R (Vaex7(|Pao~|a>_;o) Ry)
Where: e ) . ‘
i -

. (6}

(7)

Figure 15 shows the dependency of the DC output vo!tago
on hggx.

For9V < Ve < 12V, select the value of Ry such that ;
Vo _ 425V )
lg, & —— < ———=<90mA !
G = "R,y T 4700

The. voltage gain of the second stage (Qj) is -approxk -
mately equal to: 4

Rg 1 ®

Ro 145 [ Cog t —t——
2 21I‘R;1'T‘

increasing R‘;; (R includes the parallel combination of |
Ry; and the ‘load impedance) or reducing Rg (keeping -
Rg/Ryg ratio constant) will improve the bandwidth. A

It it is necessary to drive a 10w impedance load, bandwidth
may also be preserved by adding an additional emitter
following the buffer stage (Qg in Figure 16); in whith case
Ry¢ can be increased to set lca,=2mA.

=y

Finalty, adjuét R, to achieve the desired voltage gain.

L

Guw JOUT _ dlpg [ R7Rg (10
M T T :
’ dlpg ‘
where typically 3 = 0.0032 - |
F !
Definition:; :

Gy= Voitage Gain

. i
lro= Quiescent LED forward current

i pp” Peak-to-peak small signal LED forward current
v.Np . Peak-to-peak small signal input voltage

Ipep_ o~ Peak-to-peak small signal base photo current
lpgo= QUxescent base photo current .

Vgex= Base-Emitter voltage of HCPL-4562 ‘transistor .
laxo= Quiescent base current of HCPL-4562 transistor :
hggx= Current Gain (IC/IB) of HCPL-4562 transistor

Ve= Voltage across emitter degeneration resistor Ry
1,5 Unity gain frequency of Qq
Cco,= Effective capacitance from collector of Q3 to

ground
0

b
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