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ABSTRACT

This thesis presents an iron surface hardening machine.The driving current is controlied
to graduslly increase for reduce output inrush current. The principle of the machine is based on
high-frequency magnetic induction and, Skin Effect, using Power electronics technology and
pluse width modulator control.A 8051-Microcontroller is used to control the pluse width, which

give the maximum power about 760 w.
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o d . n
urm lngarumsit 9) Tnolimenved exp oy) Wumimuaviuiaves wniign ves H,
P [ -
fiszfuanudnnniani 9 )

f y = 1o deiinarml¥ines exp (o) = e * = 0368
Bons1 y i1 Skin depth Wdydnusi 5
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\ 4

P \ ) o
Ui 2.4 MynszwvBImnNuIdIBsmnuIiIMAnAuATINED
S = 1/o
= N2p/o g Sl N
Pt a_ a AN s
TaoWi p A8 dwnudumiuiiResistivity)  (Toru-uns)
a J - ¢ . d AY 4 4
p fie MAanuFus it an(ermeability) (Ulinladawul-mefu-wny)
4 -~
® A8 ANy (sReuAni)

a o 4
FaarWBrnuduiufuaas ity 18 lugn 2.4

4 - -] o é @ o
memwmmsmzmwmﬂ'z‘lwﬁ'wumﬂuwuumafﬂumnn wmmw'ﬁu

' o . ' X .
aninan(Permesbility) AH Sarunsamanumunnivysaduisuimin1dlne
o
gumsii ©9)

H(y) = H_ exp(-ay)cos(t-0y)
uasein B = uH
B(y) = HH,exp(-Oy)cos(cot-Qy) (11

S e ' P4 d .
uenmINY Saermansam anumuunivveanseue huilemaniigedn 9 14
o ]
Tasninfinsun VH = J
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ad 4 & - ' & ]
Trenmnnuduvssonuiimaniiu e luuuainu x inniv wasialeds

muszesnn luunu y
4
(8 1, j, k 1311 unit vector Tuunaunu x , y unz z mudiwy

i j x
VxH = [0 80y ©
H 0 0
W = koM,
Oy
andumsit @)
H, = H,, . exp(-aty) . exp{j(@t-0y)}
= H,_ . exp(ot) . exp(-\2j.0ly)
Fufuezld
Juy) = Hom. 2j.0c.exp(-V2j.01y) exp(jot)
0n WV = 14
= 2.exp(j-ni4)
Iy = 2.H,_ 0Lexp(-0y).explot-Oly HT1/4)}
Farvsannunuuniungsue sxilud real part
Iy = V2.0.H,__exp(-0y).cos{@r-0tyHTM)}  (12)
w1 MR TUHUANNNTEUE Sidunie y = 0
W = V20H,expli@tHma)}
fmuald
I, = \2oH_ (@)

Faen 7 ozfluvutn magnimde fehumis y = 0 ndefifavesTans uny e
¥84 T 9% lead H figarin 9 sy 74 wde 45 aam
M = J o eXP(-0y) cos{j(@t-0ly) }
gy srnsamsemumnminnszuafianudind 990

I = T eXp(-aLy).cos{j(wt-oy) } (13)
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VINMIHT ANUNUMMUNTSUEIEHUT T eslifineg Iuuwauny z uases
munsansenuduvesmny Ifhilitalundn
9N E=I8=pJ
E(y) = pPJ ,exp(-0y)cos(ot-ouy) (14)

2.2.4 ﬂiﬂlﬁﬁgﬂﬂﬂﬁ

ninriade 23 denmudanuniuninvesnssuadigasn Tuilemin Taed
T nvsInTsuaegluiuny 2 suhadessmnszumbinunssdedufing 1
UHATENN x 102 y 1Nl 24 suifuhamumunivnssiealsmusses y windu

By(0)=Hom Cos wt
§ current sheet i/p

J - ) [
i 2.5 uamsiamsvssnnufuvesmnuimMAnuasa NuMUIIUNT I

A ] ' 1 .
e Aanuuuudunysua luudsmyszeenie x Saeson snssua i

M8 was luuuauny x -

dnszue Ifhdsuns = | J, dy

0 J' o CXP(-0LY) .cO8(OL-OLy)dy

1

@
JRe [ 0,[ exp(jot-(1+j)ocy)dy]

a

1, Re [{expliot1+oylfi-(+odt |,

1, Refexp(jot/{(1+j)a 1]
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9 Jom = V2.0.H,_exp(j.(u/d))
fINTSIN 6D AT = Re[H, _.exp(jot)]
= H,.cos ot (15)

¢ o ‘ "l W ) ' o
st 18 nrsuailualuflemanseiisuiidy snnuduvsssunuudivdnitives
-1 - -
wan uay dwany
A - H, (16)
2.2.5 Milsfifiadulundn
P> 1 ' o ] o 4 i aa aad
nnfimnsammanununiunssuafigdn q luman denrun3Sadin
¢ o [ . 2 4
veunanuda F‘mzmﬂwmmnqnqmtﬁuiumﬁnﬁaqnmﬁf‘{mm wdu pI° iedeq
o o 3 - -
msithdaniggdeiinue TasmssufinannesTinas
' 4 . i, o d v XA
usititesnn I Taitalsmuuny x uaz z Aniu Saeunsammdsiigodoreiun

Aluunu x uas z  Tesdmuald p: mﬁqﬁqmtﬁuoiav‘fuﬁﬁa (Indpuns )
o a
§otor - oS smmnn
P = o Plidy = pl o expl-20y].co8 [ot-oy]dy

' A - 1 4 1w d
MU INBY cos 2(et-ay) HiamBuANTaluFIALYB AUy &ty 172 Taedl
3 1 1 -~ A 1 1 z
oy litinndsdwesdudinamiieananm oy) Hunariil¥ phase shiftliliviniues

o

[P ,./2] J exp[-2aty] dy

A
P =h,[p1;/4a1exp[-2ay1|:'
P = (pl,51/4

un il = oln | = n2lu_liss
Pav = [pH,]/28 an

s v < v A oA oA v 4 o ada
fifdsgadeidnon ldfiudunfodfiahdsaiinun Ausifa y = 0
4 o 1m o da
y = o s uSoutieuanugydefaudiaf g y 1a q fuanugaieifiitey = o

] o .
¥39:00nUULU per unit loss
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PP = Lexpl-20y]
#l y=1a=8
PP = L6
=  1-0.135
= 0865
N y=2/0.=28
PP = le
= 1-0018
= 0982
2.2.6 (unyaalinge

' v - A 4 >
dhwsasimanianuamn 18laemsduiinre aesaiuimhdavesau
H d" 4 r ' & v :
llulﬂaﬂ“ﬂ']u luﬂi%’lﬂﬁﬂﬂ%ﬂlﬂ\iﬂﬂnﬁﬂu'uluuﬂﬂiﬁu'muul"aﬂﬂu'luﬂﬂuﬂu x YUY
M o . 2 a4 v &
CANRINAUISH T y - 2 é‘iﬂ'l B ﬁzﬂlﬂﬂu@nus:ﬂz y IMUY  AUUITITINT0m

Wuusanitvindenireanuemluinu z -

6 = oy, Jemloutho] dx)
= [WH,, expl{jlotIn4I]}] / [V2oq
fwsuduusunimanily #1 real part

¢ = [iH, . ].cos[ot-[m/4]]
Voo (18)

2.2.7 muniigninaivih
4 Py 4 3 4 4 a ﬁ o o
disnmududuusunimantmualuiisiminferawsommamilsnhinemi

Antuluuaniasiendanu
fMuaT vaaanendaulieg N seu

N[d¢/dt]

[-HN®H, _ sinfot-frA4T] / [V20]

b4
AMY emf =  [UN®H,_cosfot+[mMll] /[V20]  (19)

91N emf.
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2.2.8 arafmnamaismlizane

[
1 W 1] A
o1 u{ lunImal Skin Bffect Wumdmunldithuriundnnianuenm
] -t v o -~ [] 1 3 -~
Tuunusin q smsuteeiud  wiluanudiveSawda hidhusuiuede q dunmradn
aniudilesdnde q uaznfeuioutumsldausie q 4 Aaldlinmin

Temperature ’ A_ s
(971 C) (a-m) (mm)

20 0.160 x 10" 60 0.082
200 0.290 x 107 | 60 oLl
400 ~ 0.483 x 107° 60 04143
600 | 0.755 x 107" 60 0.179
800 1.095 x 10" 1 1.666
1000 1Y, egs 5 0T OR. TS 1 1,718
1200 1,220 x 107" 1 1.758

TN 2.1 AI8HNNIAINUIN U Skin Bffect

N skin depth (5) = V2p®
d . o P -
in'Mnswdiuvania fiawe = 100 Hladsad
s
wld ®=2mx100x10 =628x 10 (3RouAu

ATGOAI (resistivity) Auswlefidlefian (permeabitity) tﬂudﬁuaq‘ﬁuﬂmauﬁﬁ

yauuin

dvuald S aledidefian (relative permesbility) YBUMAN ﬁqmnqﬁ%
A1 curie point pir = 60 uaziiiogaIMgiiqanit curie point (760 C) pr = 1

AT IR (resistivity) wisundnimugaingiveunin dufuemnto
#1128 skin depth (5) YBUNTNNAMINW 2.1

#au skin depth ¥8ansauntTned pr voamsuai ifiaaneunsit 1 9idy
amdnh 1 Aumiiy 1

d . .
resistivity(p) ¥ S0 C =2 x 10 ’ Q-m

K K S
skin depth V[2%2*10 " J[1%4R*10 *6.28*10 ]

= 0225 dadiuny

- - o
ey aednhin 19eedsatiunuuvuiu
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[ \J «» 4 z A @
dauvanasendsaud Wlunmmilenhuminiy Wovaamind r did
FAUMINY N 9981, ANUATHYBIVANIAIINL D uasIsosssnInvaadmiiu s
o d
fueraslugin 2.6

desuvaninndaudandesnesd

X =  NDHN-S L@y
y = R AT
z = 2nR N7
Voo =  [MN0SH_2/N2 (20)

coil

< ) 4 4 an ¢
2.6 nfFeuifeniisatuvesninesnuuihuuuudiilofmunnux yuasz

drfidm i ideuldfuvaniadiondsnussiildeunsame 1 14

y ¥ j 4 ¥
Ay nyzuavianualuduny = H_x
2 Ny :
assueianuai lnadwaaan = [H,_x) @
N
. d Ed oa
fdangydelunan = P(Auflvssiunin)
2
= [pH /208]x.z
o o 4 " - o
nfemmdsiflouliiuvamadaziiumdsigydolumin
o o '
tdsnfloudiguanin = VX Cose
= VgL, Coslmi]
1N \ A =  pNwH_z

2. o
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I = H

o -
N
mdsittlowsguanan = ROH, cosmM4l(xz)
220
NN i) = 2p/ 82
e o = 18
2.3_aaunedinsduialemmus

aounedineduiinil 185unuilsumnhudlegtiu laidesdhuuvinunte
wuueynsy mansaWiohauianuiigand 100 iz 18 Faeshiltundasen
vimilings uenonfineunedfinefuvildelidygausuniy EMIRF dunn uag
aunsavhoulddudeshandianige

e Tsmndmeynsuddhumuviliiundiuesintern mane
¥ 1dnBounineunefime fnnsunseii WilssdnEamigeni lussduhiuodnn
fioi 9 fu ssiinsgyiftefidannnseiaddunn Fimnefusamdauaslalen
Foanszum fehluussoanudouiifasumnesusmeilvnadnas Sufhums
apvinauanimiinsuvsamdsswidaside Hihuiudldfidasnndnuasmeh
muvosneunedinefuuiivvainfussiuIiaradensumaruvs e fusmivaan
asnuiihugud ﬁ"q\fuﬁqmmmmnuﬁmwﬁqﬂé’ dhuna Igulnssinanudeulauas
fumnlszqlivinadngs mﬂznszxmﬁxﬁm‘fu'luﬂaunes’mas’zmnaqnwﬁnﬂuﬂﬂu;ﬂ
swiotranteds  Selilimsnfounlnswesnisumeturaty fusuilfadulunsu
nedimedpliug Aldnvarnszmduadudindon  Mldnsunsnssaevesdygna
UNIM EFT u0sRHE HasdusdhinnTumeniivsinsainmeneunedfme fuvus Toud

»
ayNTUNINIY

2.3.1_neunedinedunusTanmaioyn

o o v 4 4
ipesuesdygraineades dwaaslupli 27 TuennsFuusn

auyAldueaia Q, uar Q, Saluhvmuardufnlszy ¢, luihiszqeging dountlou

4

o ¢, hwunmues Q fsshnssuer 1, Inarwvedgugfives T, uay deeniaTy-

“ L 4 .‘ ‘ « 4
uuudeynTy Ly C, Taoh 1, ssdssiisuiviunnguéludnuasennhlizglin c,
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wgatw) usauiianaten L, NevgAnmmfinduuasifueans hildc, nieudiesaiy

o < ' : v ad o -
wiwhasauesnuwndomlas T, uay L, Wuiin Q, MSumsnSninn

X

Z
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31127 9sasurssmesuuLs TounuugeynsunasiUatudy g
A o -~ o 1
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¥
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sziifirmenduiunnidudiednuuzifoatu aniunsoue 1, Salidnvasduntuyed
v 4 v - a 4 ¢ oW 4
aaaaugili 2.7 MussduivayfeglidundumeaiivudunasesgmibniFsanssue

-

uaznsedinlae c, Whssulasa v,

2.4 nyseenuuirestalamue
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2
Zow = T](me) [ 2TCP
A Py a A P s i '
tue T] ﬂﬂﬂizﬁ‘ﬂﬁﬂ’mﬂﬂﬁﬂﬂul’lﬂﬂﬂﬂi NOUUMIMN C; UaT L, 'lmﬁﬂ
G =1 /2’J'I:met
Ly =2, /] 2Rf
A a L ¢ ¢
U f Ao ﬁ'nunw'lﬁﬂﬂunamasﬁmu

2.5 mzeiuemma
L) o~ o = A

wssusmdaiiugnsshlsznngnsaifiiansefindmhdssianids dai
a LY P - o - ¢ o
anvasTaseadedigli 2.8 fonldunlunssaindunnesdnnmouazmsniugy

¢ A ay a ¢ - ¢ A

vowmed illesnniidedniuninesnsudanes Ao

- fdsnugyidovasaindh

] [} o o d
- ifigasussunana1si 2 (Secondary Breakdown)
- fianudunnuesadesnmnegungiin
< o
- Wluaseshtinnudqa1dd
usnesuoainiidedeoussduanasenvashnssuagaiisnlssu

e P P ¢ oA 7
4-5 Thaa Fuwmsinsudmaaiostitior 1 Toan

i t

N* Jumnia

HE 3 Ty
Titevin s

P
it 28 Tnnsadnesunmesusaia

2.5.1 gauinuazvesmnedema

»
USARURINAY (Breakdown Voltage, Vo)) HTsusmilidiuusedussnhian
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dumaiuiitasnds ( Safe Operating Area, SOA) ¥aauWIIBTUBMINA

srnnnmneinyndnnedde hiflussduimmed 2 fufu soa veumwaedues

aszuaayasaTmumids FoesnieonithimugamgiiiuSonsesdevesms
feah it 210 wamaifudasthansml soa veumnefusmvia

2.6 2sFudmivmed(Shunt Soubber)

gl 2.11 a unmeneunefinesiuislvanig iifeswadeamouvaniniy
nimmnmanumitenhialva qunssd b,c, wor R, dwditddgyedhmery
voanszumuilonhiting v luverlgugivendauineven Q, MgAMIMTNIUUTIAY
singfivineninmneduss Q, siiduadulussnamsd Q, g Trousaduit
ﬂsmgi‘f %zifusgjﬁufi'ms:uﬂ Is, iN04 C; U0T ¥RIMMgAaNThIYes Q, A1l
qﬂnsafmn"ﬁ‘f uﬂﬁ'uﬁﬂﬂngi‘fﬂzﬁﬁmqmn dmuaTremanumilenhialnavesva
ﬂguqﬁun:ﬁ'n‘nmﬂﬂﬁ‘ﬂuuﬂawmnizuﬂéannﬂwmznqaﬁmu (di/ dt)

2.6.1 MIfmnevImined

a ‘ o Y
vngilil 2.1 b Awes ¢, wsgaientuisedu v, il 70% vesdan v
4 ¢ g ¢
¥84 Q, tenssuanenanmedanauifuguiinm ¢
a4 P av ad P .
muuanAmIumiisnhyevalguginndnszumlgugiiiamaiisening
mIngmhnrsuruesrusAiimsasasvssnssuansannmes lu Q, annuthududuly
' d 1 Y Py ' [l o
281 t, 14 ¢, n3zuad Inarumivwed @) sudveduBudunasat ety
[l '3 ] - v - -
FRnIwNaIBINTsuaRename i IdvnglesnuTinduianTenn
A -~ L] 4
nnanes luannzunAuuasnssuavenswudmne fgega lurunssuaasannned
4 & v 3 4 a {.
BANINTIUN Is SUNUTUNINGUIDT Ip AnTunszumndslusnamiife 1p /2
fnuald Ip unsynnamgahnssugansamis meunsame ¢ 14
Teuldqay

av, [ dat =(1/2)Ap/C)

i 4
v @ o ] [ P
aniuduiriRuasanamed liivn lnd 70% veq v, ilenssuanenianmeTannais

ool [ :
guanim ¢, Ay

Ci= dp * ) / [2(T0%V )]
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(die 1p e nazurualgugiigenR (Amp.)

a + 4
te A8 FIWIMANDIVBINTUTABAAAIRDT (¢, T ) us)

L) o

Vo N8 SarmssuRamaevemudaiaes(v)

-

c, fis ANy EP
samudumu R, Vdmivawdsey ¢, luvaisynnanhnssuadheaniam
o . ) L : A [l 4
asaves C, uas R, asdnshind s0% vesamnmhnszuadhgaienilh ¢,

& ] L3 d » .’I
motizyldiunoutiiaam Q seugmhnssuadiliy R, = (12)tyymin / C)

300 VOC m
SUPPLY
03 P1 OUTPUT
L I 100W
e
/
=" A

01

ey e SNUBBER

NETWORK
o
COMMON o T

lp COLLECTOR
. . CURRENT
(ic)
0

2xvee

Ct

Hx¥s

COLLECTOR
YOLTAGE
(vce)

Vceo

70% Vceo —

SHUBBER
CURRENT
(1s) = 1€t .

s v de 3o
qulit 2.1 aynes RC minmefnldfuneunefinefurumnouiia

4 - o
b)';l.‘ﬂflNllﬁﬂﬂﬂllﬂ:ﬂizll’dﬂﬂﬁ’li‘ﬂ? RC ﬁuumni'
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1133muA07 IE ( Interrupt Enable Register) Fuhmihitadeusuiiuaiadudnitifioadss
fudganasuneiiliiumuaTremnhimunlddumsiiadunefdudamstvus

o d A - " oA Jw [ o ™) a d
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f INTO FoyyudumeFdinieuen dnmdygin P32
INT1 Fyqyrdwaefiliniouen dhumndggau. P33 '
Timer0 * Frytymidwae el fifinaTmeasiiydunan Timero
i Timer1 dryyrudussfFlinialu V;Lﬁhqmmﬁsﬂ’u/{umm Timer1
E wa{magnml . fygrudwaefhlinaluuasneuan fngadestunisdadaya
: aynsuameazmetu wasfudeysaynsuannmeuanauady

o

& o o
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Tusunutios (Subroutine) Forumisearsamii3didond TWsunndeavinmdy

meid (Interrupt Service Routine)
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FumeFsinteuan 0 0003
29]9UL/AUR 0 000B
BumasRnatuan, 1 0013
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1 ;Program for 8051 interrupts

23

3 ORG 00K :Start at 0000H (RESET)

4 LIMP  START

53

6 ; Place interrupt service vectors (juaps) for

1; the five 8051 interupt sources,

83

9 ORG 03H ;External Interrupt 0
10 LIMP  INT_INTO

11

12 ORG 0BH :Internal Timer/Counter0

13 LINP INT_TCO

14

15 ORG 13H ;External Interrupt 1

16 LIMP INT_INTL

17 ;

18 OR6 1BH ;Internal Timer/counter 1

19 LINP  INT_TCL

20 ;

21 ORG 238 ;Serial Receiver/Transmitter
22 LI¥P  INT_SER

23 ;:Z::::::::::::Z:::::::::Z:::ZZ:I:::::::::2::::::::::::
24 ; Start of Main Program Section

25 ;:::::::::::::::::::::::::Z::Z::::::::::::::::::Z::::::
26 0RG 401

27 START

28 H

29 :

30 SIHP § ;End of main program section
3

32 ;

33; INTERRUPT SERVICE ROUTINES

34 ;::::::::Z:::::::Z::::I:::::::::::::::::::::::::::Z::Z:
35 TIMER/COUNTER-0 INTERRUPTS

36 ; Service routine for Timer/Counter 0.

37 ;::::::::I:Z::Z:::::::::::::::::::::::::::::Z::::::::::
38 INT_TCO:

39 :

40 RETI  ;Return to Main program

41

42 ;:::::::::::::::::::Z:::::::Z::::::::::::::::Z:::::::::
43 TIMER/COUNTER-1 INTERRUPTS

44 ; Service routine for Timer/Counter 1.

45 ;:Z:ZZ:::::::::::::::::::::::::::::::::::::::::::::::::
46 INT_TCI:

4 H

48 RETI

49 ;

50 ;::::::::::::::::::::::::::::::::::::::::::::::::::::::
51 ; EXTERNAL INTERRUPTS

52 ; Service routine for External Interrupt INTO

53 ;:::::::::::::::::::::::::::::::::::::::::::2::::::::::
54 INT_INTO:

55 »

56 RETI
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57 ;

58 ;::::::::::::::::Z:::I:::::Z::::::::::Z:::Z::::::::::::
59 ; EXTERNAL INTERRUPTS

60 ; Service routine for External Interrupt INTL

61 ;:::::::::::::::::‘:‘.'::::::!:I:Z:::::::::::Z.’.::I::::::::
62 INT_INT1:

63 ;

64 ;

65 RETL

66 ;::::Z:Z::::::Z::::::::Z:Z:::::::::::::::::::::::::::Z:
67 ; SERIAL INTERRUPTS

68 ; Service routine for Serial Interrupts

69 ;Z::::::::::::::::::::::‘:::::::::::::::::‘.’:::::::::::::
70 INT_SER:

11 ;

12 RETI

133

14 END
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Test Program

00H  ;Seven segment display

014  ;Xey switch(Pb0=setup,Pbl=setdown,Pb2=enter,Pb3=sensor)
028  ;[PcO,Pcl,Pc2,Pc3 is R&2R ladder],[Pc4 = on/off relay)

034  ;Mode port of 8255

FDH
61H
pBH
F3H
67H
B7H
BFH
EIR
FFH

30H
31K

00004
START

1 ;FILENAME:

2 ;Pin Interface:
3 Porth  EQU

§ PortB  EQU

5 PortC  EQU

6 Control EQU

7

8 NUMBER_O  EQU
9 NUMBER_1  EQU
10 NUMBER_2 EQU
11 NUMBER_3 EQU
12 NUMBER_4 EQU
13 NUMBER_S EQU
14 NUMBER_6 EQU
15 NUMBER_7 EQU
16 NUMBER_8 EQU
17

18 DUTYMAX  EQU
19 DUTYMIN  EQU
20

21 ORG

22 LINP
23

25 ;Main Program
27 START:

28 Hov
29

30 Hov

31 MOY

32 HOVX
33

34 MOV

35 Hov

36 HOVX
kY]

38 Hov

39 Hov

40 SJMp
41

42 END

5P, #50H

DPTR,8Control

ACC,#82H ;PortA = out ,Port8 = in ,PortC = out

€DPTR,ACC

DPTR,#PortA
ACC, ENUMBER_O
eDPTR,ACC

DUTYMIN,#46H  ;Set minimum dutycycle
P1,DUTYMIN
$
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1 ;FILENAME: Induction Heating Program

2 :Pin Interface:

3Porth  EQU  00H ;Seven segment display

4 PortB  EQU  OIH  ;Xey switch(PbO=setup,Pbl=setdown,Pb2:-enter,Pb3=sensor)
5Portc EQU 024 ;[PcO,Pcl,Pc2,Pc3 is R&2R ladder],[Pcd = on/off relay)
6 Control E£QU 03K ;Mode port of 8255

1

8 NUMBER_0 EQU FDH

9 NUMBER_1 EQU 61H

10 NUMBER_2  EQU DBH

11 NUMBER 3 EQU F3H

12 NUMBER_4  EQU 674

13 NUMBER_S  EQU BTH

14 NUMBER_6  EQVU BFH

15 NUMBER_7 EQV ElH

16 NUMBER_8 EQU FFH

17 SETvoltage EQU 134 ;108=0degree ,13H=135degree, 17H=90degree
18 ;14H=45degree, 1Fi=180degres
19 KEYFLAG EQu 024
20 TOGGLE EQU  O3H

21 KEYPRESS  EQU  04H
22 ENDDUTY EQU 05K

23 REDUCEDUTY EQU 06H
24

25 DSPnumber EQU 304
26 Ctimel EQU 318

27 INTEGER EQU 324

28 Tlcount  EQU 334

29 TIMERFLASH EQU 341
30 THObuf EQU 35H

31 TLObuf EQU 36K

32 DUTYMAX EQU 3TH

33 DUTYNIN  EQU 38H

34 DUTYCOUNT EQU 394

35 DUTYBUF  EQU 3AH
36

3 0RG 0000H

8 LIMP  START

39 ORG 000BH
40 LINP  Timerd

41 ORG 001BH

42 LIMP  TIMERL

43 ;:::::::::::::::::::::::::2:::::::::::::::

44 ;Procedure Initial

45 §IIEIITIIIIIIIIIIIIIIIISIIIIIIIIIZIIIIZIIIZ

46 START:

47 MOV SP,#50H

48 Mov TH0D,#000100018

49 SETB  EA ;

50 SETB  ETI ;Enable interupt timerl
51 SETB  ETO ;Enable interupt timerd
52 MoV THO, #3CH

53 Hov TLO, BAFH



TH1,%#3CH
TL1,8AFH

TR1

TRO
TIMERFLASH, #00
INTEGER,$00H
TOGGLE

DPTR, #Control
ACC,#82H ;PortA = out ,Port8 = in ,PortC = out
€DPTR,ACC

DPTR,#PortC ;[Pcéd = onfoff relay]
ACC,BOFK ;[ PcO, Pcl, Pc2, Pc3 is R & 2R ladder]
@DPTR,ACC  ;Off relay first

DPTR, #PortA

ACC, ANUMBER_O

8DPTR,ACC

DUTYNIN,%A0H  ;Set minimum dutycycle
P1,DUTYMIN

77 s=S2z2zzoIIoIsIIIIIIIITIIIIIZIINIINIRZINIZID

54 Hov
55 MOV
56 SETB
57 CLR
58 Moy
59 HOV
60 SETB
61

62 MOV
63 Hov
64 HOVX
65

66 MOV
67 MoV
68 HOVX
69

70 MOV
1 MOV
12 MOVX
13 MoV
74 MOV
76 ;Program main
78 L00P1:

19 HoY
80 MOVX
81 ANL
82 CINE
83 SIHP
84 NEXTO:

85 CINE
86 MOV
81 LCALL
88 INC
89 LCALL
90 MOV
91 MOV
92 HOVX
93 SIMp
94 NEXT1:

95 CINE
96 MOV
97 LCALL
98

99 Hov
100 suss
101 MOV
102

103 LCALL
104 Mov
105 Hov
106 MOVX

DPTR,%PortB iport b is key switch
ACC,8DPTR

ACC,#000001118

ACC, #00H, NEXTO

LOOPL

ACC,B01,NEXTY ; 00 0  press key_up
Ticount, 805H

DELAY

INTEGER

COMPARE_IKTEGER

DPTR, #PortA

ACC,DSPnumber

@DPTR,ACC

LOOPL

ACC,#02H,MEXT2 ; 0 0 1 0 press key_down
Ticount, ¥05H
DELAY

ACC,INTEGER
ACC,201H
INTEGER,ACC-

COMPARE_INTEGER
DPTR,%Porth
ACC,DSPnumber
RDPTR,ACC



107 SIHP LOOPL

108 NEXT2:

109 CINE  ACC,804H,L00P1 ; 0 1 0 0 press key enter
110 Hov Tlcount,#05H

111 LCALL  DELAY

112

113 Hov DPTR, #PortB

114 MOVX  ACC,eDPTR

15 ANL ACC,$000001118

116 CINE  ACC,#04H,L00P)

117 HOV ACC, INTEGER

118 CINE  ACC,B00H,CHECK!L

119 SJMP  LOOP1

120 ;::::Z:::::::Z:I:::::::I:::::::::Z:::::

121 ;Procedure check load

122 j=zzzzzzzzzzzozzzzzzooozzzizsasasooiocs

123 CHECKL:

124 Hov DPTR,#PortB

125 MOVX  ACC,eDPTR

126 JNB ACC.3,CHECKL 3 ACC.3 is sensor input
127

128 Hov Tlcount, #0AH

129 LCALL  DELAY 1 Prevent debouse

130

131 HOV DPTR, #PortB

132 MOVX  ACC,RDPTR

133 JNB ACC.3,CHECK] ; Check load again

134

135 ;:::::::::::::::::::::Z:::::::::::::::::::::::::::::Z
136 ;Procedure enable & increass voltage Power Supply

137 j2zzzozzozqoRnoet o oo s R Aok Ao s R o D S DA ST
138 POHER_SUPPLY:

139

140 Hov DPIR, #PortC

141 Moy ACC,E1FH

142 MOVX  @DPTR,ACC ;drive opto to control relay
143

144 MOY Tlcount,B0AH

145 LCALL  DELAY ;Delay contact of relay
146

147 UPvoltage:

148 SUBB  ACC,301H ;

149 MOV DPTR, #PortC ;

150 MOVX  @DPTR,ACC ;

151 Hov Tlcount, 024 ;

152 LCALL  DELAY ;

153 CINE  ACC,8SETvoltage,UPvoltage ; Increase voltage slowly
154 ;:::::::::.’.:::::::::::::::Z::::::::::::::

155 ;Procedure increase dutycycls

136 j==zzzzzzzszzzzzzzszzzzzzzzzoozsoizsozzoozzz

157 1] DUTYBUF,DUTYMAX ; % % %

158 MOV P1,DUTYMIN ; Start duty cycle at = 10 %

159 Hov DUTYCOUNT ,DUTYMIN



160 SETB  TRO ; Start timer0

161 CLR REDUCEDUTY

162 CHECK2:

163 Hov DPTR,%Port8

164 MOVX  ACC,EDPTR

165 JB ACC.3,CHECK2 ;Check load alway.
166 :When not load go to decrease voltage
167 ;Jump to interupt
168 §I3EIIIIIIIIIIIIIIIIIIIIIZIIIZIIIIRIZIIIZ
169 ;Procedure decrease voltage Power Supply
170 j==zzzzzzzzzzzzsaszzzizizIsioszizooazzaas
1 MOV ACC,#SETvoltage

172 DOWNvolt:

173 INC ACC

174 MOV DPTR,#PortC

175 MOVX  @DPTR,ACC

176

177 MoV Ticount,#02H

178 LCALL  DELAY

179 CINE  ACC,3LFH,DONNvolt

180

181 ;:::::::::::::::::::::::::Z:::::::::::::::
182 ;Procedure decrease duty cycle

183 ;::::::::::Z::::::::::::::::::::::::::::::
184 SETB  TRO

185 SETB  REDUCEDUTY :Enable reduce dutycycle
186 CLR ENDDUTY

187

188 JNB ENDDUTY, $

189 Hoy DUTYMAX,DUTYBUF ; % % £
190 LIMP  CHECK!

191 jz=zzzzzzzzzzzzzazzasoszszoizizzizooooazic
192 ;Procedure delay

193 jzzz=zzzzgogmszozszzsozozoosoczzzozzazess
194 DELAY: SET8  KEYPRESS

195 Mov Ctimel,}00H

196 CLR KEYFLAG

197 JNB KEYFLAG,$

198 CLR KEYPRESS

199 REY

200 szzzzzzzzzzzIIzIIIIZISIIIIZIZZIZIZoISIIZC
201 ;Procedure compare key

202 ;::::::::::::::::::::::::::2::::::2::::::
203 COMPARE_INTEGER:

204 it} ACC,INTEGER

205 CINE  ACC,#00H,COMPARE_1

206 MOV DSPnumber, ANUMBER_O

207 LJMP  ENDCOMPARE

208 COMPARE_!:

209 CINE  ACC,%01H,COMPARE_2

210 MOV DSPnumber, #NUMBER _L

211 Mov DUTYMAX, #47H : Dutycycle ( max ) at 5%

212 MoV THObuf ,4DOH



213 MoV
214 SInp
215 COMPARE_2:
216 CIRE
211 HOv
218 Hov
219

220 HOV
221 Hov
222. SJup
223 COMPARE_3:
224 CJINE
225 Hov
226 Hov
221

228 Hov
229 Hov
230 SJnp
231 COMPARE_4:
232 CINE
233 MoV
234 MOV
235

236 MOV
237 MoV
238 SJnp
239 COMPARE_S5:
240 CINE
241 MoV
242 MOV
243

244 HoY
245 Hov
246 SIHP
247 COMPARE_6:
248 CINE
249 MoV
250 Hov
251

252 HOV
253 HOV
254 SJNP
255 COMPARE_7:
256 CINE
2517 NOV
258 Hov
259

260 Hov
261 HOV
262 SJHp
263 COMPARE_8:
264 CINE
265 Hov

TLObuf , #5CH
ENDCOMPARE

ACC,R02H ,COMPARE 3
DSPnumber, BNUMBER_2
DUTYHAX, #47H

THObuf, 400K
TLObuf, 85CH
ENDCOMPARE

ACC, BO3H, COMPARE _4
DSPnuaber , #NUNBER_3
DUTYHAX, ¥60H

THObuf, 8DEH
TLObuf, 853H
ENDCOMPARE

ACC,$04H,COMPARE S
DSPnumber, #NUNBER_4
DUTYMAX, 288H

THObuf , #DAR
TLObuf, $13H
ENDCOMPARE

ACC,BOSH,COMPARE_6
DSPnumber , BNUMBER_S
DUTYMAX, $A0H

THObuf ,4DDH
TLObuf, #1FH
ENDCOMPARE

ACC, B06H,COMPARE _7
DSPnumber, #NUMBER_6
DUTYMAX, 8DOH

THObuf,$DDH
TLObuf, REEH
ENDCOMPARE

ACC,307H,COMPARE_8
DSPnumber, #NUMBER_7

DUTYMAX, &FOH

THObuf , $EOH
TLObuf, #34H
ENDCOMPARE

ACC,B08H,COMPARE_9
DSPaumber, #HUMBER_8

3

’

k4

: Dutycycle { max ) at 10 %

; Dutycycle ( max ) at 15 %

: Dutycycle ( max ) at 20 §

; Dutycycle ( max ) at 25 %

: Dutycycle { max ) at 30 %

; Dutycycle ( max ) at 35 %



266 Hov DUTYMAX, $FEH : Dutycycle ( max ) at 40 %
267

268 Hov THObuf, #DEH

269 MoV TLObuf, ROBH

270 5J4P  ENDCOMPARE

271 COMPARE_9:

212 MOV DSPnumber, #NUMBER_O

213 Hov INTEGER, #00H

274 ENDCOMPARE:

215 RET

276 ;3772IIITIIIIIIIZIIIILIITIIIZINRIIIIINANLL
277 :Procedure timer 1 Interupt service Routine
278 ;=zI222IIZIIISIZINIIIIIIIIIIIIIINIAILILLAC
279 TIMERL:

280 PUSH  PSH

281 PUSH  ACC

282

283 MoV ACC, INTEGER

284 CINE  ACC,R00H,TIMERL_L

285 INC TIMERFLASH

286 Hoy ACC, TIMERFLASH

287 CINE  ACC,R6H,TIMERL I

288 MOV TIMERFLASH, #00H

289 CPL TOGGLE

290 JB TOGGLE, TIMER] 2

291 Hov DPTR,¥PortA

292 Hov ACC, #NUMBER_O

293 MOVX  @DPTR,ACC

294 SIMP  TIMERL 3

295 TIMER1_2:

296 MOV DPTR,%Porth

297 Moy ACC, 3004

298 MOVX  @DPTR,ACC

299 SIMP TIMERL_ 3

300 TIMERL_L:

301 JNB KEYPRESS, TIMERL 3

302 INC Ctimel

303 MoV acec,Ctimel

304 CJKE  ACC,Ticount,TIMERL_3

305 SETB  KEYFLAG

306 MoV Ctimel,800H ;¥x%

307 TIMERL_3:

308 MOV TH1,$3CH

309 HOV TL1,8AFH

310 pop AcC

31 pop pSu

312 RETI

313 jzsszzzzszzzzaIszzziiiiiiizizzzizizzziaaz
314 ;Procedure timer 0 Interupt service Routine
315 j=z=zzzzzzzIzzzizIzizizzzIzizzIzzzzizioics
316 Timer0:

3117 PUSH  PSH

318 PUSH  ACC



319

320 JNB
321

322 MOV
323 SuBB
324 MoV
325

3% MOV
327 CLR
328 SuBs
329 JC
330

331 Hov
332 MOV
333 SIup
334 Timer0_2:
335 CLR
336 INC
337 KoV
338 SuBB
339 JC
340 MOV
341 MOV
342 Moy
343 SIHp
344 Timer0_1:
345 CLR
346 SETB
347 ENDTIMERO:
348 pop
349 pop
350 RETI
351

352 END

REDUCEDUTY, Timer0_2

ACC,DUTYHAX
ACC,80LH
DUTYMAX,ACC

P1,ACC

¢
ACC,DUTYMIN
Tiner0_1

THO, THObuf
TLO, TLObuf
ENDTIKERO

¢

DUTYCOUNT
ACC,DUTYNAX
ACC,DUTYCOUNT
Tiner0_i

THO, THObuf
TLO, TLObuf
P1,DUTYCOUNT
ENDTIMERO

TRO
ENDDUTY

ACC
PSW

;Timer0_2 is increase dutycycle
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International
Rectifier

PD-9.458C

IRFP450

HEXFET® Power MOSFET

Dynamic dv/dt Rating,
Repetitive Avalanche Rated 1%
Isolated Central Mounting Hole
Fast Switching

Ease of Paralleling

Simple Drive Requirements

\/[)535; = 55()()\/
RDS(OH) = 04OQ

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels prectude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to
meet the requirements of most safety specifications.

Absolute Maxumum Ratmgs

g I > Parameter o~ LU Max. Units
o@ Tc 25‘ . Continyous Drain Current, Vas @ 0V v 14 !
Io @ Tc = 100°C __(Zz_)gpnuous Drain Current, Ves @ 10V Ih 87 ~ #1 ___} A
. lom , Pulsed Dfam»Cgrren»t D T 56 'y _41 -
X Po @ Tc=25C F’_o_w_er Dissipation AVdd "o Lo 1%0 W
o o) 4Linear Derating Factor — < 1.5 . WiC
'Vas & ‘Gate to-Source Vo|tage 2] . 20 _! v
E_EAs_ B N Smgle Pulse Avalanche Energy 2 72 Y A _ mJ
'l IaR % Avalancﬁg_Cp_qen( t P /. :_ 4 8.7_ :,. A A
| Ear __ Repetitive Avatanche Energy N Al 4 13 5 mJ
|5’l’@- _Peak Diode Recovery dv/dt % %o 3.5 | Vins.
T Operalmg Junction and -55 10 +150 !
iTsto Storage Temperature Range -~ _ e e
_Soldering Temperature. for 10 seconds 300 (1 -6mm § lrom N case) '
Mounting Torque, 6-32 or M3 screw 10 iblein (_1 1 Nemn)
Thermal Resistance
Parameter Eﬁ ﬁp ir‘ R/I”ga‘x. Units
Ruc _Junction-to-Case ’ Rt __j__.?:@fl o
Rucs Case-to-Smk, Flat, Greased Surace - _ 024  — oW
Rusa Junclion-to-Ambient — — 40

1018



IRFP450

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

Parameter Min. | Typ. | Max. | Units Test Conditions
Veripss Drain-to-Source Breakdown Voltage 500 | — — V | Vgs=0V, lp= 250pA
AVeripss/AT4| Breakdown Voltage Temp. Coefficient — §063] — | VrC |Reference to 25°C, Ip= 1mA
Ros(on) Static Drain-to-Source On-Resistance —_ — ] 0.40 Q |Vgs=10V, p=8.4A @
Vasiny Gate Threshold Voltage 20 | — | 40 V  {Vps=Vas, lo= 250pA
Ots Forward Transconductance 9.3 — —_ S {Vps=50V, ip=8.4A @
. — — 25 Vps=500V, Vgs=0V
loss Drain-to-Source Leakage Current — — 1 250 pA Vosm400V, VasmOV, To125°C
loss Gate-to-Source Forward Leakage — — | 100 nA Vgs=20V
Gate-to-Source Reverse Leakage — — | -100 Vgs=-20V
Qq Total Gate Charge -+, — | 150 lo=14A
Qgs Gate-to-Source Charge — | = | 20 | nC {vps=400V
Qg4 Gate-to-Orain ("Miller") Charge —- —_ 80 Vgs=10V See Fig. 6 and 13 ®
tdion) Tum-On Delay Time — 17 — Vpp=250V
te Rise Time — 47 — = lo=14A
Lo Tum-Off Delay Time — {92 | — Rg=6.2Q
4 Fall Time — 44 — Rp=17Q See Figure 10 @
Lo Internal Drain Inductance — 5.0 — g?ntvrf(e(;\' 2‘%?: ') 3
7 nH | from package o
Ls internal Source Inductance — 13 — and center of @
i die contact s
Ciss Input Capacitance — 12600 — Vgs=0V
,Coss______1Output Capacitance — v 720 1 — pF | Vos= 25V
Crs Reverse Transfer Capacitance -— ! 340 T — % f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter M_in.:_Typ._-f Max. | Units Test Conditions
Is Continuous Source Current _ v @ MOSFET symbol o
{Body Diode) 3 { A showing the
ista | Puised Source Current 1 integral reverse e
| (Body Diode) @ ] - p-n junction diode. s
Vsp | Diode Forward Voltage T T — T4 |V [1=25°C, Is=14A, Vgs=0V @
tir Reverse Recovery Time T 540 | 810 | ns |[Ty=25°C, le=14A
Qi Reverse Recovery Charge — 481 7.2 | uC |di/di=100A/s ®
{ ton Forward Turn-On Time Intrinsic turn-on time is neglegible (turn-on is dominated by Ls+Lp) |
Notes:

i Repetitive rating; pulse width imited by

max. junction temperature (See Figure 11)

2 Vpp=50V, starting Ty=25-C, L=7.0mH

RG=2512, las=14A (See Figure 12)

3 1gp<14A, dildt<130A/ s, VopsV(BR)DSS.
Ty<150°C

& Pulse width < 300 ps; duty cycle <2%.
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|RFP450

Ip, Drain Current (Amps)

Ip, Drain Current (Amps)

vas
TOP 19v
v
5:0v PPt
8.5V
sorron_ 3.5v ’
sv] »
255
101
v
/
4.5V
I I I [
20us PULSE WIDTH
. Tc = 259
10
100 10!

Vps, Drain-to-Source Voltage (volts)

Fig 1. Typical Output Characteristics,

Tc=25°C

N\

10!

I Jos = S0/
20us PJ.SE ~IDTH

4 5 ] 7 8 3

Vgas, Gate-to-Source Voltage (volts)

Fig 3. Typical Transter Characteristics

10

vgs
- E A
7.0v|
et L1
8.5
8.0V
’(IT #m'“ 4,8V
E
<
= w0 /
[=4
@
é L 4.5V
‘©
o
E /
20us PULSE WIDTH
Tc = 150°C
100
109 10!
Vps, Drain-to-Source Voltage (volts)
Fig 2. Typicatl Output Characteristics,
Tc=150°C
8 3.5 Tp = 14n
=
«©
0 3.0
B
Q
i 23
i V
o= Vi
(33
02 2o 4
58 L
o« 4
n E Vv
S5 1.5 e
i< S
= 4
Y 1.0 (7 ya
S .
= >
o) 0 5
1773
o e VGS = 10V
".5) -40 -20 0 20 4C 60 BO :00 120 140 -

T, Junction Temperature (°C)

Fig 4. Normalized On-Resistance

Vs. Temperature
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IRFP450 ISR

6000 Vgs = OV, f = 1Muz 201 . 14 1 T T
Ciss = Cgs + Cgq. Cgg SHORTED ) 0 Vps = 400V —]
5000 \ Crss = Cgq ° Vgs = 250v N
g NCoss = Cas *+ Cqq 2 6 st « 1004
ONANED NI g 7
2 \ Ciss g 42 v/ é
fo] N o)
‘% 3000 AN £ y/ /
AN 2 V4
g foss. ] e ° Y
S 2000 ‘\ 1 l \\ ‘0,3 {
[ Crss ((g
h ¥ 4
1000 @D
o
> / FOR TEST CIACUIT
0 h o SEE FIGURE 13
100 101 0 20 4 60 80 100 120 140
Vps, Drain-to-Source Voltage (volts) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
10°
+ OPERATION IN THIS AREA LIMITED
g /’7 TR . ] 8Y Aps (o ) b
L o e e o : =
L -
= // A 8 2
5 /// ~§ s ~ T
5 > '(\ \\1 ! 10
S -1 / { g 2 : g I a i1
£ — 1500¢ 747 £ 10 d ) >, il
Z3/ 1 — | 100u:
S /] > B/ ==t
(= ~—
o] = XN | T
2 g d B B
9 S * |
o] ( 7 a 1 10ms2
“ l b . —

a i ] Tc=259¢ uEE
- . % T =1500C a5
- ver = OV ; SINGLE PuLsg]

o oe 0.8 12 g 20 0.z 1 2 5 49 2 S 402 2 5 3
Vsp, Source-to-Drain Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage
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Ip, Drain Current (Amps)

IRFP450

) D.U.T.
14 K
1.
. ¥-V
2 \\‘ r Do
™~
10 AN Pulse Width $ 1:s
\ « Duty Factor 5 0.1%
AN - ' =
8 AN Fig 10a. Switching Time Test Circuit
6 \ ’
N Vbs
\\ 90% \ / \ /—
4 \ |
| I
2 | | |
| 10 ! ! !
i % \
025 50 75 100 125 150 VGS ——/i l ‘\_—-IE.-_A.A.___\JL_
Tc, Case Temperature (°C) toon) b ot
Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms

Case Temperature

1 ; s T
I . 1
. — L 4 + 1l
| 1 ;
11 1 are
-0 . S i L {
g ! Tl i
N Loz T —2 i
—= : : L i
© 0.1 e
g Fo.l,}’_l' : 130 +
[9] 1 = p 1 i T
Q. b0, 05— 7 4244 sy o
a : 57 o0 BN T
E3 Wt (A i !
@ 2 ! i 1
E bo.o: f ; n ,
=R W AE L i i) . -
8 e LT
ot : ; 3 Hi t j;; -
N i 1508 oy |
4 T SR T el
[BERE L T4 T weEs:
: s - 41 DUTY FACTOR, D=t1/t2
- . 1‘ ;1 2 PEak Ty=Ppu x Ithje * Te
1078 157° 173 . 0 : 1 10
t1, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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. L
Varytotoobtain VDS m
required s D.UT. 1600 . .
9 + ToP 6132
-V B8.94
+.VDoD = \ BOTTOM 144
| jé 1200 \\
AS >
=g
T 0010 2 \\
i w
. . N o 800
Fig 12a. Unclamped Inductive Test Circuit 2 D
= \\ \
V(BR)DSS o \\ \
tp o) 400 PN
/ Voo = N
VSN & 4 // \ o |voo - sov i \&&
/ \ 25 29 73 100 228 150
/ \ Starting T, Junction Temperature(°C)
\
"y — \ M7 Fig 12c. Maximum Avalanche Energy
Fig 12b. Unclamped Inductive Waveforms Vs, Drain Current
Current Regulator
Q A
10V~———--——-c§-——._ ':VDS
* - QGs ~p— QGD
ve i
F=AAA~—
Charge ——» Ic = 1Ip
Current Sampling Resistors
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

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 lntemational
Rectifier
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INTERNATIONAL RECTIFIER

Data Sheet No. PD-6.011B

I€2R

HIGH VOLTAGE
MOS GATE DRIVER

CIR2110

General Description

The IR2110 is a high voltage, high speed MOS-
Galed power device driver with independent high side
and low side referenced output channels. Proprietary
HVIC and latch immune CMOS technologies ena-
ble ruggedized monolithic construction. Logic inputs
are compatible with standard CMOS outputs or with
LSTTL outputs using pull-up resistors. Output drivers
use low impedance tolem-pole arrangement
designed for fow cross-conduction current spike.
Propagation delays for the two channels 2re maiched
1o simplity use in high frequency application. The
fioating channel can be used to drive a N-channel
power MOSFET or IGBT in the high side configura-
tion that operates off high voltage raif up to 500 volts,

Applications

® High frequency swilch-mode power supply

DC and AC motor drives
Electronic famp ballast

]
N Batiery charger

Features

Floating supply designed for bootstrap operation

— Operating offset range from - 4 to +500V

— dv/dt-immunity raled at +50Vins

— Quiescent power dissipation of 1.6mW at 15V

Wide output operating gate drive supply range

from 10 to 20V

Separate logic supply to interface with logic signal

— Operating supply range from 5 to 20V

— Logic and power ground operating offset
range {rom ~5 10 +5V

CMOS Schmitt-triggerec inputs with hysteresis

and puli-down

Cycle by cycle edge-triggered shutdown logic

Undervoliage lockout with hysteresis for both

channels

Output totem-pole driver designed to drive

MOS-gated power devices

— Peak current capability at 2A minimum

— Swilching time of 25ns typical into 1000pf
load

Matched propagation delay time for both

channels

— Typical 120ns turn-on delay and 94ns turn-off

defay * -
— Maximum rated maiching differential of
W Induction healing and welding +10ns
S / M Latch immune CMOS. Withstand > 2A reverse
& Swilching amplifier . - current at /O pins
Typical Connection Pinout Assignment
P d g
' Hy ..
. R ;) HO
7 Voo (5] - ) v
-ap &8 o § X wn Do, — (5] vg
>—0 s o o — N s
. l)——- " 5 EY < 6% ol ‘N [
ony . -
' ! A o ————I——i T wra E 5] vee
I v (Jnd Vss (I ) cou
t 1 A
| e ERih)
L_ w
v
For mechanical speciicaions s=e¢ back page




IR2110
Typical Performance Characteristics

HIN
LIN

0 _l
: JR——

L T

Fig. 1 — Input/Output Timing Dlagram

. T T T T
\Ino-Vssts‘O?fN. Tp = 25°0 /
18
s
w8 on /
2 | -
g /
2 oou
& /
5
z 4
S yd
a 9
Q
g ,
wy
Y
%
3
10 12 14 16 18 20

V. FIXED SUPPLY VOLIAGE

Fig. 3 — Maximum Vsg Positive Offset
Voitage vs. Ve Supply Voltage

100 e=—n————r——

V==

|

i N

A

7

v
w4
J A4

TN

a1

N0 E

‘) x. OFFSEI SUPPLY LEAKAGE CURRENT (A}

LEUR s B ] N & D0 150
3 ITMPERATURF °0)

Flg. 5 — Otlset Supply Leakage
Current vs. Temperature

Vg, OFFSET SUPPLY VOLTAGE (V)

T

1085, QUIESCENT Vg VOLTAGE SUPPLY CURRERT ()

YIN+/V1e. INPUT LOGIC THRESHOLD (V)
o

-2

-3

-4

Veg = 01020V Ty = 25°C

-5

-6

BN

AN

0

250

12 2] 16 18 .20
Vgg. FLOATING SUPPLY VOLTAGE (V)

Fig. 2 — Maximum V4 Negallve
Offset vs. Vo Supply Voltage

NS !

Iy = -$5°C 10 150°C

‘ 4

=, vay

Viy+ A
92

ANAN

s
/
7

_7/l ) —e e
/

2 4 5 ] 0 12 n 1 N 2
Vpo. LOGIC SUPPLY VOLIAGE (V)

Fig. 4 — Input Logle Threshold
vs. Vo Supply Voltage

P10
Vgs = 10V, 1SV & 20V, NO LOAD
L0GIC ~1" ANG LOGIC 0" /
| =
UM L]
9251/"/ /

L]

S

—r—"]

1Viogst |

|
Mogsy |t

I
|t :ﬂVloﬁlso

L A .
15 TEMPFRATURE (1))

Fig. 6 — Qulescent Vgg Supply

Current vs. Temperature



iR2110
Typical Performance Characterlstics

500 [ T @
Vog = 'OV, 1SV & 20V, NO LOAD
5 450 F— “locic 17 AN LOGKC T - //- 3 — /’i
/ 3 ’N - (J'V/
g @ % <
8 ¥ I is &"/
> .
£ = < g
Viocon ,/// 2 4 7/
) = g L yd w
Fos <]
7 o
§ 200 1S¥V)00c1 .. g // | .
150 ] i . = / e P /f/ ﬁp—"
B St |~ P LT
100 =y . ‘Wmcl_:zl'm)‘ S
S0 0
% -2 0 0 B 0 120 190 £ -0 "0 W & W -120 150
1}, TEUPERATURE () 1), TEMPERATURE (°C)
Flg. 7 — Qulescent V. Supply Fig. 8 — Logle "1" Input Blas’
Current ve. Temperature Current vs. Tetaperalure
92 4 l
Y / VCC"VBS'VOS TA-?'S"C
s A A \ "

V4
Vusw'/‘ /
T // oo

o) |

ullllo (A A '
Jhhify A é \
£ §

- UV, UNOERYOLDAGE LOOTUT (v)

(3} s A Pa Vm 1 —
| T4 \¢| ,
32 ] / s \\
7 i . s
] 28 3
% -0 0 X O 0 10 150 5 0 15 L
1), TEMPERATURE [C) VaLg, SUPPLY VOLTAGE (V)
: Fig. 9 — Undacvoitage Lockout Flg. 10 — Outpul Device On
ve. Temperature . Resistance vs. Supply Voltagd
‘ Ve = 15V
ce o)

I:glg} i | o.g.]_ _Lu;

H
HIN o——% I'L Q o
50 0—— 11 IR2110
[P LIy s
5 e I

Fig. t1a — Switching Time Test Clrcult Flg. 11b — Switching Time Wavelorm Definitlon



IR2110

Absolute Maximum Ratings

Absolute Maximum Ratings indicate sustained linits beyond which darnage to the device may ocouf.
All voltage paramneters are absolute voltages referenced lo COM.

The Thermal Resistance and Power Dissipation ratings are measured under board mounted and still
s cunchtions,

Symbol Parameter Min Max Units
i va High Side Floating Supply Absolule Voltage -05 Vg +20

Vs High Skte Floating Supply Ottsel Voltage —_ 500

vVHO High Side Output Voltage Vg -05 vg +05

Voo " | 7 Low Side Fixed Supply Voltago . -08 20

VLo Low Side Qutput Voltage - -05 Voo +05 Y

VY00 Logic Supply Voitage -05 Vgs +20

Vss Logic Supply Otfset Votiago Vee - 20 Vee +05

ViN Logic lnput Voltage (HIN, LIN & SD) Vgg -05 Vpo +05

avgidt Altowable Ofisel Supply Voltage Transient {Fig. 16} - 50 Vins

Po Package Power Dissipation @ Ta <= 25°C (Fig. 19) — 1.6 w

RinJA Thermal Resistance, Junction to Ambient = 75 *Cw

T Junction Temperature -58 150

Ts Storage Tempecatura -55 150 °C

T Load Temperature (Soldering, 10 saconds) — 300

Recommended Operating Conditions

The Inpul/Output Logic Timing diagram is shown in Fig. 1. For proper operation the device should be used
wilthin the rocommenduod conditions.

The Vs and Vsg ofissl ratings are lestod with all supplies biased at 15V dillerential. Typical ralings at other
bias condilions are shown in Fig. 2 and 3.

Symbol Parwmolor Min Max Units
vy High Sida Floating Supply Absolutae Voltage Vg+10 Vg +20

Vs High Sida Floating Supply Oilset Voltage -4 500

o High Side Output Voitage Vs Vg

vee Low Side Fixed Supply Voltage 0 20 v
io Low Snis Output Volingo 0 vee

Voo Logic Supply Voltage Vgg *5 Vgs +20

vss Logic Supply Qliset Voltage -5 5

Vint Logic !nput Voltago (HIN, LIN &.S0) vss Voo

Oynamic Electrical Characteristics"
Vaias (Voc. Vas. VDo) = 15V and Vsg = COM unless otherwise spacilied.
The dynamic. eleclrical characteristics are measured using the test circuit as shown in Fig. 11.

Tj = 25°C Tl = =55 to
150°C
Symbot |Parzmeter “IMin | Typ | Max | Min | Max | Unils Test Conditions Relerence
lon Tutn-On Propagaticn Oslay - 120 | 150 | — | 260 Vg = OV Fig 12
Mot Turn-Oll Propagation Delay _ — | es | 125 | — | 220 Vg = 500V
tsg Shutdown Propaganon Dolay —_ no | 40 | — | 235 Vg = 500V
t Tuen-On Rise Time - 25 35 - 50 Cy = 1000pi Fig. 13
[ Turn-Off Falt Time —_ 17 25 - 40 ns Cp = 1000pt
Mign Delay Malching, HS and LS Turo-On - - 10 —_ —_ [Hign~Uonl Fig. 14
Mg Osiay Matenhing, HS and LS Tura-Of1 - — 10 - - I Htgie-Lign)
DHiga Deautime, LS Turn-Ott 1o HS Tun-On | 16 26 36 | — - {Hign-Ligi) Fig. 15
Ottg,, Deadtimus, HS Turn-Otf to LS Turn-On | 16 26 26 - e {Lton-Hiof)




Stawic Electrical Characteristics
Vaias (Yce. Vas. Voo = 15V unless otherwise specilied.
The ViN. VTH and IIN parameters are relerenced to VS and are applicable lo all three logic inpul Pins: HIN, LIN and SO.
The VO and 10 paramelers are referenced fo COM or Vg and are applicable lo the respective Oulput Pins: HO or LO.

IR2110

Tl = 25°C Ty =-551t0
150°C
Symbol |Parameter Min | Typ | Max | Min | Max [Units Test Condillons fRelerence
Viri Logic 1" input Voltage 31 —_ - a3 — Voo = SV
64 | — |— | 68} — Vpp = 10V
s | — | — | 10 ] — Voo = ISV
126 - — 3y - v Voo = 20V
Vit Logic “0* input Voltage — - 18 | — 1.7 VYoo = 5V Fig. 4
— [ — ]38 ]| —~1{as Voo = 10V
— -— 6 — 5.7 Yoo =~ 15V
. —_ - |83 —_ 79 Voo =~ 20V
Vo High Level Output Voltage, VgiagV0| — | 07 | 1.2 | —~ 1K v ViN = VIR, ig = OA Fig. 10
vou Low Level Outpul Vohage, VO — | = Torv | = | o1 Vi = ViL. Ig = DA )
LB Otisat Supply Leakage Current - - 50 — 1250 Vg = Vg = 50QV Fig. S
loss Quiescent Vgg Supply Current — | 125 | 230 | — | SO0 ViN = ViH or Vi Fig. &
loce Quiescent Vo Supply Current — | 180 { 340 | — | 600 | pA Vipg = Vg o Vi Fig. 7
1000 Quiescent Vpp Supply Current — 5 30 — 60 Viyg = Vi or Vi,
N+ Logic 1" Input Bias Current - 15 30 — 70 ViN = 15V Fig. 8
N Logic 0™ lnput Bias Cucrent — .- ! - 10 ViN = OV
vVgsuv * | Vas Supply Undervollage Positive 71| er et |~ -
Going Threshold
Vgsuv- | Vas Supply Undenoliage Negalive 73183193} — -
Golng Threshold Fig. 9
Vecuv + | Vo Supply Undervoltage Positive 76 | 86 | 96 | — — v
Going Threshotd | -~
vecuv- | Yoo Supply Undervoltage Negative 72 182 .92 | - | —
Going Thrashold .
lo+  |Output High Shoa Circuit Pulsed 2 = - - - VouT = OV. ViNy = 15V,
Current A PW <= 10 pus
Io- Output Low Short Circult Pulsed 2 - - - — YOUuT = 1SV. VIN = OV,
Current PN <= 10 s
Functional Block Dlagram
e e i
! 1
¥
| 1 Te
o} oerear 1 I
w A a . 1
] X S o
| % Voovee mieR | |g l
tote i) 1 LEL f
l SritfY PULSE S vg
l (13 1
n- |
St S N
vee
| < [ i
Te |
| = p—-— DETECT
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4.3 Full Bridge with Current Mode Control

Figure 8 shows an H bridge with cycle-by-cycle curren:
control implemented with current sensing devices on the
low side in combination with the shutdown pin of ths
IR2116. The detailed impiementation of the curren:
sensing circuit is dependent on the PWM technique used
to generate the desired output voliage, the accuracy
required, the availability of 2 negative supply, bandwidix,
etc. (Ref. 6, 7 and 8 cover these aspects in greater detail}.
As explained in Scction 1.}, the shutdown function is
Jatched so that the power MOSFETs will remain in the
off-state as the load current decays through their internal
diodes. The latch is reset at the beginning of next cycls,
when the power devices arc once again commanded on.

Stray inductances (L, and L, shown by dashed hines
in Figure 8), in combination with high di/dt due to fas:
switching are the cause of the overshoots frequently seen
across the power MOSFETs. Decoupling capacitors
across the rail, connected close to the power devices,
would cancel out the negative effects of L,. L, on ths
other hand, must be reduced with a tight layout. This
inductance, together with the forward recovery of the
freewhecling diodes, causes the center point to swing
outside of the rail voliage, i.c., Vs (pin 5) of the IR2110
would go below COM (pin 2. As mentioned in Section
1.3, this is allowed to -5V and erratic operation of the
high side channel can occur if this limit is substaniially
exceeded.

The turn-on and turn-off propagation delays of the
IR2110 are closcly matched (worst case mismatch: 10ns),
with the turn-on propagation delay 25ns longer than the
turn-off. This, by itself, should insure that no conduction
overlap of the power devices would occur, even if the on
and off input command coincide. As an added safety
margin a resistor diode network can be added 1o the gate,
as shown with dashed lines in Figure 8. The purpose of
this nciwork is 1o further delay the turn-on, without
affecting the turn-off, thereby inserting some additional
dead-time.

The resistor-diode network is also useful in reducing
the peak of the current spike during the reverse recovery

Voo . b e i IR ]

M TLarmd r
.

Ly [}
1R2110 = "‘-——T——'n

time. As explained in Ref. 5. this has an impact on power
losses, as well as dv/dt an¢ EMI.

Figure 9 shows the waveforms taken from 2 test circuit
laid out as shown in Figure 32. Operation at SO0kHz with
the IRF830 HEXFET did not present any problem nor
causc any noticeable heating of the 1R2110.

4.4 Brushless and Induction Molor Drives

The implementation of a three-phasc bridge for motor
drives requires a morc careful attention to the layow duc
to the large di/dt components in the waveforms and the
fact that switching events occur at 120° intervals. In
particular, the driver furthest away Trom the common
grounding point will experience the largest voltage
differential between COM! and the ground reference.
Section 3 and Ref. 2 and 3 deal with this subject in greater
detail.

Furthermore, there are several operating conditions
that require close scrutiny as potential problem areas. One
such condition could occu: when a brushiess dc motos
is operated with locked rotor for an indefinite period of
time with onc leg of the bridge being off. In this condition
the bootstrap capacitor could eventually discharge,
depending on the voltage seen by Vg during this period
of time. As 2 result the top power device would not go
on when commanded 10 do so. In most cases this would
not be a cause for malfunction, since the lower device
would be commanded on next and the bootsirap
capacitor would be charged and ready for next cvele. In
general, if the design’ cannot tolerate this type of
operation, it can be avoided in one of three ways:

a. if the pole has been inactive for some time, the control
logic turns on the lower deviee first;

b.the control counld be arranged 1o have a very short
‘‘normal’’ duty cycle cven when no conduciion is
required;

¢ .if a pole can be inactive for a limited and known period
of time, the bootstrap capacitor could be sized to hold
up the charge for that time.

IR2110
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Figure 8. Typical implementation of al H bridge with cycie-by-cycle current mode control
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If the bridge is part of an induction motor drive that
use a PWM technique to synthesize a sine wave, each pole
goes through prolonged periods of time with zero or very
low duty cycle at low frequency. The bootstrap capacitor
should be sized to hold enough charge to go through these
periods of time without refreshing.

In circuits like the one shown in Figure 10, the isolation
between the high voltage rail and the logic circuitry is
supplied by the IR2110 as a reverse biased junction. A
breakdown of one of these junctions would have
disastrous consequences for the rest of the equipment.
In many instances this cannot be allowed and some form
of galvanic isolation is mandated by safety considerations
or as a form of damage containment. Optoisolators or
pulse transformers are frequently used to perform this
function. The use of the IR2110 as a driver eliminates
the dv/dt requirements that would otherwise be placed
on these isolation components and reduces their cost while
providing a high performance gate drive capability that
is well beyond what these components perform directly.

4.5 Push-Pull

The IR2110 can still make a very useful contribution
in applications that do not capitalize on its key feature,
the high voltage level shifting and floating gate drive.
Convenience, noise resilience between Vs and COM
and high speed drive capability are appealing features in
most power conditioning applications. The [R2110 can
perform the interface and gate drive function with the
simple addition of two decoupling capacitors.

4.6 High-Side P-Channel

The [R2110 can also drive a P-Channe! device as a high
side switch, provided that a negative supply referenced
to the positive rail is available, as shown in Figure 11.
When operated in this mode, the Hy input becomes
active low, i.e. a logic 0 at the input turns on the P-
Channel MOSFET.

Whenever Vs (or V) are at fixed potential with
respect to ground, the power losses mentioned in Section
2.2.d.2 would be zero.

5. Troubleshooting Guidelines

To analyze the waveforms of the floating channel of
the [R2110 a differential input oscilloscope is required.
It is assumed that any voltage differential not referenced
to ground is measured in this way.

It is also assumed that obvious checks have been made,
for example:

* Pins are correctly connected and power supplies are
decoupled.

* The bootstrap charging diode is ultra-fast, rated for
the rail voliage.

¢ The shutdown pin is grounded.

* Logic inputs do not cause simultaneous conduction of
devices, unless the topology requires it.

!
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Figure 9a. Test circuit for waveforms shown below
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Figure 9b. Waveforms associated with the circuit shown in
Figure 9a. IRF450 operated at approximately 100kHz in
a 100 gH inductor.

The voltage drop across the bootstrap capaditor {0.1uf) due to
the delivery of the gate charge is minimal (approx. 2V).

Due to the inductive nature of the load, the voltage across the
HEXFET is close to zero even befcre gate voltage is present,
because its intemal diode goes in conduction wnen the other
device goes off, !

The resistor-diode network has the effect of slowing down the
gata tum-on waveform substantially with minimal elfect on the gate
wum-off, In tis particular cperating mode the resistor-diode
network does not perform a useful function because the tum-on
occurs with Zero volts across the HEXFET,

Vg OF LOW SOT WAL
NN
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WO N 500
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Figure 9c. Waveforms associated with tha crrcuit in Figure
5a. IRF830’s operated at S00kHz in a 50 uH inductor. The
negative spike in the gate waveform s cue to the lorward

recovery of the internal rectifier.
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Figure 10, Three-Phase Inverter using three IR2110 devices 1o drive six IGBTs

SYMPTOM

No gate drive pulses

Gate drive pulses on lower

channel only

Erratic operation
of top channel

Excessive ringing on gate

drive signal

POSSIBLE CAUSE
Verify that Ve is above the lockout level

Mecasure voltage across bootstrap capacitor; it should be above the lockout level. If
it is not, check why capacitor doesn't get charged. Insure that capacitor is charged
at turn-on.

Verify that Vg doesn’t go below COM by more than SV.

Verify that high side channel does not go in undervoltage lockout.

Verify that dv/dt on Vg with respect 10 COM does not exceed 50V/ns. If so,
switching may need slowing down.

Verify that logic inpuls are noise-free with respect 10 Vss.

Verily that input logic signals are longer than 50ns.

Reduce inductance of gate drive loop. Use twisted wires, shorten length. If reduction
of loop inductance does not bring ringing to acceptable level, add gate resistors.
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2. **"New High Voliage Bridge Driver Simplifies PWM
Voo R m, 1 Inverter Design,”” by D. Grant, B. Pelly. PCIM
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e . HEXFET 11"
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Figure 11. IR2110 driving a high side Pchannel 8. “Dynamic Performance of Current Sensing Power
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Functional Description

The IR2110 is a2 monolithic high voltage, high speeg
two channel power MOSFET or IGBT driver. Relfer to
the section on Functional Block Diagram for the internal
partitioning of the various circuit blocks. The driver
translates logic input signals into corresponding “in-
phase” low impedance outputs. The low side channel

ouiput (LO} is referenced to a fixed rail (V) and the .

high side channel output (HO) is referenced to a floating
rail (Vag) with offset capability up to 500V.

The logic circuit provides the control pulses for the
two output channels corresponding to the logic inputs
as indicated by the Input/Output Timing Diagram in
Fig. 1. The HO and LO outputs are in phase with the
HIN and LIN logic inputs. The two outputs wilt turn off
when the SD input switches high and the outputs will
remain off even after the SD input returns to low uatil
the next rising edge of the respective inputs. In the case
when VC(C is below the undervoitage trip point the UV
detect circuit will send a shutdown signal to disable both
channels. Also a separate UV detect block is used to
disable the high side channel when Vgg is below its
own undervoltage trip point. The logic inputs use
Schmitt trigger circuts with a hysteretic band of
0.1+ VpD to provide high noise immunity and can accept
inpuls with slow nise time. The logic circuit is referenced
to its own logic supply to allow the use of a lower supply
voltage than the output operating supply voltage. A high
noise immunity Vpp/VGG level-shifting circuit is used
lo transiate logic signal to the output drivers. With a
+5V raled olfsel capability between the logic ground
(VsSs) and power ground (COM), the logic circuit is
unallected by the noise coupling generated by the
swilching action of the output drivers.

Propagation delay for the iwo channels are matched
using the low side delay circuit to simplity the timing
requirements of the control pulses. The turn-on delay
1s matched at 120ns for the low side channel (Lign) and
the high side channel (Hign) with Vg at OV since the
high side turn-on command is usually executed when
Vg is at or near OV. The turn-olf delay is matched at
94ns for the low side channel (Lioy) and the high side
channel (Hiof) with Vg at S00V since the high side turn-
off command is usually executed afler the high side
power MOSFET is “on" and Vg is at or near the high
voitage rail.

Both channels use identical low cross-conduction
lotem pole output connected transistors. The output
driver consists of two N-channel MOSFETs with peak
current capability above 2A and on resistance of less
than 3 ohms (Fig. 10). One output MOSFET is
connected as a source lollower and tha other in
common source configuration. Because of the totem
pole arrangemeni ihe nise lime is slower than the fall
lime driving capaciuve load. For a typical 3300p! 10ad
the rise and fall times are 50ns and 33ns respectively.

For the high side channel, narrow "On™* and “Off”
puises lriggered respectively by the nsing and the
lainn edge of HIN -2 generated Dy he oulse
genetalor. The resoectve pulses are uses (0 anve
separate high vokags DMOS level transtators that set
or resat a RS lalch operating off the floating rail. Levsl
sfulting of the ground referencec HIN signal :s thys
accomplisnad by iransposing tha signat relerences o
the floating rail. S2czuse 2ach hign voltage DMOS iever

translalor is turned on tor onty the curaticn of the snori
"On” or "Off” pulses with each set or reset event, power
dissipation is minimized. False triggenng of the RS latch
from fast dvidt transients on the Vg node is effectively
ditferentiated from normal pull-down pulses through a
pulse discriminator circuit such that the high side
channel is essentially immune to any magnitude of dvidt
value. Also the high voltage leve! shifting circuil is
designed to function normalty even when the Vg node
swings more than 4V below the COM pin. This condition
can often occur during the recirculation period of the
oulput free-wheeling diode.

Application Guidelines
(Also see Application Note AN-97BA for details)

The IR2110is typically used to drive two high voltage
N-channel power MOSFETs or IGBTs configured in half-
bridge, dual-forward or other topologies. The fixed rail
referenced output is used to drive a low side connected
power MOSFET. The floating output channel is used
to drive a power MOSFET in the high side configuration
that requires an over-rail gate drive. Refer to the section
on Typical Applications for the various circuit topologies
where the IR2110 is applicable.

Typically, the lloating supply is derived from the fixed
supply using a bootsirap lechnique as shown in the
section on Typical Connection. The charging diode must
have a voltage withstand capability higher than the peak
HV bus voitage. 7o minimize power dissipation a fast
recovery diode is recommended. The value of the
boolstrap capacitor depends on the swiltching
Irequency, duty cycle and gate charge requirement of
the power MOSFET. The voltage across the capacitor
should not be allowed to drop below the under-voltage
lockout threshold, otherwise protective shutdown will
occur. A 0.1 uF capacitor is usually suitable for
applications swilching above 5 KHz.

Supply bypass capacitors between Vo and COM
and between Vpp and Vgg are required to supply the
transient current needed for switching the capacitive
loads. These capacitors, together with the reservoir
capacitor across Vg and Vg, must be connected close
to the device. A 0.1 x ceramic disk capacitor in parallel
with a 1 xF tantalum capacitor is recommended for Voo
bypass. A 0.1 uF ceramic disk capacitor is usually
adequate for the logic supply.

The outputs of the IR2110 are designed to deliver gate
drives lor fast switching speed even for high current
power MOSFETs with relatively high gate charge
requirement. The typical switching speed lor various
standard power MOSFET sizes is shown in Fig. 20. To
minimize inductance in the gate drive loop, each
MOSFET should have its own dedicated connection
going to Pin 2 and 5 of the IR2110 for the return of the
gate drive signal. For smaller power MOSFETs a series
gate resistor for each output is recommended to limit
swilching speed. The valus of the gate resistor cepends
on EMI recurement, switching losses and the
ma- mum aliowable dv/id:.

The total oower dissipaion of the IR2110 is a lunction
ot HV bus voltage, VCC and Vpp voltages, switching
frequency. outy cycle. delivered gate drives charge, and
operaling junction temperature. The lotal dissipation
can be divided into twe categories: High voltage anc
iow voltaga switching.
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