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Abstract

This project present a bouth the Induction heating control and use the power converter by half
— bridge converter. But this isn’t improve the power of the device so we are use the micro-
controller control the automatic on- off the system of the Induction Heating. This project us the
micro-controller (MCS 51)for control the system . There are a lot of the method to detect
characteristic of the system for example detect color of material, temperature and detect the
induced current . So, this project use the way to detect the induced current by the current fall

down when the material saturation . We use this condition to off the Induction heating.
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Frequency used in induction and dielectric heating

Frequency ( Hz ) Source of power Used

60-960 Rotating generator or converter | Mass induction hating forging
Forming extrusion

960-10,000 Motor generator Induction heating for meltring
Heat treating

10,000 - 60,000 Convertor Inductons heating for small
scale melting and sintering

200,000 - 550,000 Vacouum — tube Oscillators Suface induction heating for

brazingsoldering and strip and

wire heating

2,000,000 — 90,000,000

Vaccuum — tube Oscillators

Diclectric heating
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b
3. uSEndwaa lavhinmswan lulasneu Insainesaszgaiiveninwaioes uaziinaweusauan
1 o o Yt - 4
e Inimuaenlunsldaugs
4. awnsTsmbsanuiimeludaluinsneuInsamesiliaunsatleafunisfaanndeya
vosmennus1 lsunsyldiduedied
o S A o 9/ ]
5. Twnuwesveslulnsneulnsaesindalas Amel annsehinslsunsudeyalumiao
o iy 19 o o ] 3
anui lsunsu 18 Taoh lidesasada luTasnewuInsamesesnuniins Iilsunsuiminisoniims
Yo o a ot
Tsunsuhnses wieluszuw (In-system programming)Tﬂﬂhﬂqaﬂuafm‘mﬂ@lmmﬂ SPI  (Serial
Peripheral Interface) ¥ ldmsNmumSemsaeiigmasasumssulzmiesiinsadoyalumiio
o o M- 1 Yot as
anus1 Tlsunswi ldedsazaan meldeulszanai higaunmin
5. & y & ¢ N R
6. yamdwazanrlaonssuiuguviioudvlulasneunsu InsaaesMCS-15vesfnandn i

- I A S -
TIE.’I.{IHB‘HWIE! , WUUT vIoaaad

—\
P1.0] 1 40 D vcce
Pi.12 39 [0 PO.0 (ADO)
P1.20 3 38 [0 Po.1 (AD1)
P1.3 4 37 g Po.2 (AD2)
P1.4]5 36 [J PO.3 (AD3)
P1.5C] 6 350 P0.4 (AD4)
P1.6 7 34 [0 PO.5 (ADS)
P1.7(] 8 33 |3 PO.6 (ADS)
AST (] ¢ 32 [0 PO.7 (ADT)

(RXD) P3.0C] 10 31 O EA/veP
(TXD) P3.1] 11 30 O ALE/PROG

(TNTO) P3.2] 12 29 O PSEN

(TNTT) P3.3 13 28 |0 P2.7 (A15)
(TO) P3.4(] 14 27O P2.6 (At4)
(T1) P3.5] 15 26 [0 P2.5 (A13)
(WR) P3.6 ] 16 25 O P2.4 (A12)
| (RD) P3.7C7 17 24 O P2.3 (A11)
XTAaL2 ] 18 230 P2.2 (A10)
XTAL1 ]38 22 [0 P2.1.(A9)
GND [ 20 21 [0 P2.0 (AB)

U7 4.1 namsvidienvesluTasneu Tnsames MCS-51
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¥
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e ihssdemssynIuILUYagMandy
4 o o - ' 8 o
e Inueiimismeivina 16 finatiarion 2 @1
®  aunsasessuuHAIiuHAtUABsSUA 1R 6 Uszian
® muninvnenvasanyiimeueniudyldgega 64 flalud
=t o - ar o U -
e ihasduliadyasnidmegnolusl
e svamoluieaseynsuuuy SPI dmiylueynsy AT89Sxx
=1 ) o
o inendhenTnweslud dmsulueyniy ATS9Sxx
9 § v
InseadwituguveslulasneuInsaneiMcs-s1 Tueynsu ATS9Cxxemnldd1 Taseadieves
k4
AT89Cxx semilouriylulnsnounsamesaszga MCS-51 Augu winuALAnA1afumWIZHL A1
ia a 9
Tusunsunuuasfiia@udnn mindh
o't ' o -t o
luTasneuInsameslueynsy 87xx missanuildsunsumeluszdhuuuiwsey uazinawed
b J o’j = 4 * ] A A A
awnsn Ilsunsuldiosnsufos Tnssadieiugiuveseynsy AT8Oxx v ldnfidaulsenouiiiudy
: ; : 2 i 4 y
UANANDIN AT89xx BEHAIAIU 017 2vsiveusiveynsuuuy SPI FalululnsneuTnsaaes oynsuil
g [ o (5 @ - 1
THumsdoudeyaashumissnanusi lsunsu lao lidesnsaddlesn luninszuumieidend 3
¢ s ¢ A da s ¥ oa b e dd
TsunsuTunes Tnwesamsmesving 16 Safifududhundanilsdauiiuinaes 2 uaziseseadaendi

”l%'lumwasqwaunﬁﬁwmﬁﬂwmﬂﬂm%ﬁg

Features 89C1051 89C2051 80C31 B80C32 89C51 89C52 89LV51 B8ILV52 B89CH5 B89S8252
Flash  Memory 1K 2K - - 4K 8K 4K 8K 20K 8K
Ram 64 128 128 256 128 256 128 256 256 256
EEPROM - - - - - - = - - 2K
Programming Yes Yes No No Yes Yes Yes Yes Yes Yes
Timers/Counters 1 2 2 3 2 3 2 3 3 4
Serial UART - Yes Yes Yes Yes Yes Yes Yes Yes Yes
Power supply 2.7-6.0 2.7-60 4060 4.0-60 4060 4060 2760 27-60 2760 2.7-6.0
Frequency 0-24 0-24 0-24 0-24 0-24 0-24 0-24 0-24 0-33 0-33
I/O Pins IS5 ] 32 32 32 32 32 32 A2 32
External address /

Data  bus No No Yes Yes Yes Yes Yes Yes Yes Yes
Pin  Count 20 20 40/44  40/44  40/44  40/44 404 40/44  40/44  40/44

| o
M3 4.1 uanassaz@uaveslulasnouTnsamesasyga MCS-51
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4.1 LCD Module

311 4.2 uams LCD glunneineg

& g 2 da e s
quUnsaluansrallszian LCD Feanuinh Mcs-s1 idunldiiu gunssiuaawmaditominn sy

fiufifie LCD

LCD waiu 1y 2 Uszian 1dun

I.  AguCharacter LCD Module

2. Graphic LCD Module

Tavesflsznevfididanlszneudie 3 diufiding fe

Dot Matrix Display tﬂuﬁ’nymz-uaq-fsyuﬂé'nuﬁaﬁﬁmsc?«i'fluummmﬁmyag’
5311’51»1%3’1{N§ﬂ1ﬂﬂgﬂu‘l.is‘lﬂﬁlﬂl{lu Dot 119 $1142U1AY 5071 Dot Metrix Display
mmma’aﬁhﬁwﬁqmﬁuﬁ'ﬁﬁm;m iofiussfunnnsaudaiu

Driver 19Tumsdu Dot Metrix Iifuuaamse Tuswmmudayaad 19nnn
daudiena

o o o . ' o 4 &
Controller 1ﬂuﬁ11ﬂﬂﬁﬂ“]@ﬂﬂﬁﬂ’.]‘]Ji’PJﬂ"liTl'lxﬂHﬂ?Hﬂ’N"]i’.l!.lﬂu FIIHUAYN

-4 3
1380731 LCD Module
- - o « o
V) | dydnval Handu
1 GND n3NA
2 Vee +sTaan
o ¥y ¥ a Ié
3 Vo Usuanududonsadu 0-5 Than)
- a o @ e @
4 RS @on3vamni (0=39aIABTMAIMA
uioudanuAAINIZNIIMAUIAZATD
TULesRsE; [=33mAniaf)
s | RW @onmssTum3elion (0=Wou;1=811)
. i A
6 E Buuiianisewnsadion LCD J
- 7 A a ;
7 DO afBunAAeIAYATIAA1TA |
8 DI amBuaneRnAlinh 2 |
9 D2 amBunAABRNATIAN 3
10| D3 addunaseRnATian 4 3
1 D4 adBuRAABIRNATIAN 5 ?[
a ¢ o A |
12| Ds mmounaieATiag 6
13| D6 mmdunaiewraDaf 7
a L4 -
14| D7 MAdUNAAeINATIATIgA ,

31 4.3 naRsi e ldiveuasfiu LCD
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fanluny & . .
Nan? s1wazdon yanyal
& RS R/W DB7 DB6 DBS5S DB4 DB3 DB2 DB1 DB
A
whoimhseurasn
dewésiy Lo 00 0 0 0 0 0 0 0 | unFanodine i :
wniadudu ID=1: twum
- ID=0: aaf
mAniyei hfagiiga
l?'ua'uiaui";w’fmgu?u S =1:munn
Retum home 0 0 0 0 0 0 0 0 1 * puRAM aifims lﬁl‘ﬂ‘llﬁfuﬁaﬂhﬁﬂﬁ
wavunlag
S =0:.am50
A I ¥
lﬁaulﬂﬂﬂ’ﬁﬂﬁﬁ
- v w ‘
daimensdouyes | S/C=1:ayanyul
Entry wedrediidaiinuadio gm?;au
— 0 0 0 0 0 0 0 I /D § finugnniedoudoyn 4.
e i SIC=0:1A0319D3
fiu LCD .
gnidey
4
ATRUIBUTAIHA(D) RL=1: doull
OnOIF, AUAIADT NRYN
Dhsplay ’ 1 .
) On/ofr, uaz It
e |© 0 0 @ F G ) D C B |Gt RIL=0: @ou'll
ol control LT HOTEOPI T ot 5
win'li (B) nAFw
DL=1 :8bit
muguarsdouveunsi | DL =0 :4 bit
G . weiunzdadnue lavi N=1:2U57%%
y : 0 0 0 0 0 1 S/IC RL doyalu poRAM hifi
isplay shift v N=0:1 US'SYTH
msafarnaniag *
F=1:5x109a
Anuadovuzmsuras | F=0:5x73A
Function set 0 0 0 0 | DL N F * LCLRTRIRTEE CHITT GRS =1: 5
HA(N) tnzAImozdon | 5
W aeluda
Font (F) g
- : o
sl
SLLORAM 0 0 0 I Ace Acs Acc Ace Ace Acg| ™™ BF =0: 211130
address CGRAM :
Set DDRAM daupaas el Fuidalnild
- i 0 0 | A oo Aoo Aop Aoo Apo Aob Aop
address DURAM A, ' CGRAM
awmnmzyeauran | address
R by 0 I BF AC AC AC AC AC ACAC | aus . .
* VIFUDZAUIN UL A, DDRAM
tlag & address P i
; upARTMANIAGT
address
Guudoyais
‘Tite g AC : Address
Write data 1o 0 1 Write data ORI
CG or DDRAM CGRAM counter
* ¢ Don't care
Read dana from || 1 Read data 8l INDDRAM
HIBCGRAM

CGoor DDRAM

A 42 gafdafildumsnaugy LCD Module




42

Upper 4

hows &) 0000 [ 0001 | 0010 | 0011 [ 0100 | 0101 | 0110 | 0111 1000 | 1001 | 1010 [ 1011 1100|1101 | 1110
o | B o (BRI | :
M "
xxxx0000 | B/ g 1% -

K
3=k
T
Tl
3 IT]
.
= :I:.
A=
I+ [Li-

xxxx0001 | (2)

k-t | =}
g

nE[=FITTE

Lofils,
"o 1| | |

1| Hee | =

1 I [T
s
I_IEIET'

xxxx0101 | (6)

:.:i-ll
1T T

- o -w -& L
xxxx0010 | (3) Le) H . E=; l_l _—' »
] o | | = - [ LT
wocott | @ |7 | B RIS =] Al =
ke [ e | 4 =1L il L T A
xxxx0100 | (5) a2 l.'li. EI i J Lz i.'l i~ F‘I: = L=
L= - AEE3

xxxx0110 | (7)

== | ITH
:::
—-

ol

Firy | (Dk:

i

ok

I

e | 8 |
1| = |
T

| =
b | T | | e (e [

xxx0111 | (8) e NE! Il L i;: R e
| o [ 1| [ 2[H[ il o[V R E | E[F & #
i 0 |L 0 2T [ (oI EGIET
e EIE e AN R R M R MEM
saa ik JH AT R MR RSN E
wootioo | @) | h | o [ |11 ] |Lf]ee Hi . I I__:i _I_ L
o[ 0 2 | == T oo | B[ (A5 E [ |1
ol o [ [ T M| iy o Bl [E % T BT
T '

E ]
|
H .
;-'II
i-ll "
In

xxxx1111 | (8)

M151991 4.3 UAAAI0 019 Character Pattern Ascii Code
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Drgzaeal

input

Current

output

Voluage
outpul

311 4.4 DAC 11U Binary Weight Ladder

o ¢ a . U @ aa & A J o Y ] ot o 9 ' ar
ATVTABT 1 Weight mmmwfmimaa‘nmwmwﬂ‘wns:uamuwmﬂmm"lﬂsquﬂu 291l

9 . i &’ ' ar - a H o
wouil anasdrournees 2 mu R Adiudu 9y minusasus9aaiiu 10 v usessuiiandadumunzsiy

1.0 0.5 0.25 0.125 mA mudwiu eorlueuilite wiyneedmihiin/dounszuasnddidhuus sue wiyn

Vo=V /2,,)(85,+4S,4+28 +S ); S close =1, S open =0

4.2.2 DAC LU R-2R Ladder

- VAT 1
M5B r 4 >
&—»——:——————--‘ %R
| R \
!_"_- —
AR, KRS, SN = gk
y w5
— AN
U I RS & .
2R
AN
[ wemm e 2w
-~

31/ 4.5 2995 DAC UUY R-2R Ladder

¥ v
Turestiainduzdade Iiussfud 1989d0191111U2995 Ladder w5070 Ladder 89031829147 2R 92

w1891 Switeh input Resister (2R) uoudh hewifiuguesiadiumiuseningade R2R fiaafu useiy

IYMIIMI saan T HaATADA A

Av=v_/(2%1)
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TunsesHiaindozdads 1Wus s@ius199990191717995 Ladder W30910 Ladder 894051929141 2R 12
1 . p i 9 g o g ' ] ta o i
wiu1&91 Switch input Resister (2R) woud hloziuguesiidumussnitagade R-2R fidnfu usadu
MM saanusHaninea fe
Av=v_2"1)
o o EY
usauiie vmes ldmuauns

V, = (V,/2,)(85,+45,+25,+5 ) ; S Close = 1, S Open = 0

<3| - -
43 manlasdgyaaewasnilu@dnaa(Analeg to Digital Converter)
4.3.1 Successive Approximate ADC
a v - s Y o ' 3 o
2905 ADC wiiadildsunnuiisnlunulszgnafidesnmsaaus nhunawwazaeudiegs msda
o P & & -
29503317 4.6 Fswdenlaezunsulugyl  uaasilaiduaiaglu ADC ¥ilail seumisuneswzavunsoy
(#iuuie 1NN DAC fivewiasnduwn v, 191wimnez Taaunu Successive Approximation register (SAR)
& ) .. Stu Yo - = 4 HEY
Fuihu'lod MSI (Midium Scale Integrated Circuit) i I3 umseenuuuiluriafieonT it Inommie
it 47 Wumsuaasiniialaezunsuves ADC filiszduerasn 0.625 V idia Clock 1111 1 gn
weii i MsB iy 1 nadadwdiu 0 DAC snlavueniynues SAR WuewasnulSeudouiudya e
a v Hu v P o vy ' a 499 a o [
waengunn diah laninmsnSouiisuineumsuaesusniniesniduwnilasdimiudy 1 19 ud
9 1 © - : n’l‘ o - 9 - a
dmnmnandezilniioi fh 0 vimfuszyimsneaeuiiadall Wil 1 marasvesassdiands
»
wnnhissih ety o uddnisondiiling 1 13 udmameudalmunssiidandnmuasumnia

Wiounduewiynaenin v, laifiu 1 LSB

Analog
input

A - .
\)Dtgua.l
/ output

Zomparator :

End of
Conversion,

Suart
Conversion

1 o
;ﬂ'ﬁ 4.6 vaenlABLUNTIYBY Successive Approximate ADC

4 < Yo ¥ & 4 o du ¥ e
MINMUYes  ADC lL‘lJ‘lJuL‘lEUl[llﬂﬂ‘i_lﬂ't‘ihﬁ'luﬂ'l‘h'ﬂﬁﬂdll‘l]‘u I NABINITNITUUINUD

- ’aj a o & an - P 'ﬂ ¥ 3w . o v
LU UDUNNVBY ADC uazmmvgmﬂummaa‘umﬁnam UALHHUAWIATTIUNISINUUNUDAATU

& 4 & ] 9 o 9 . {

Huﬂlﬁﬂﬂ'ﬂi\‘!llllﬂlﬂ]ﬂﬂgﬁﬂﬁ ﬂzﬂﬁ]Qﬂ‘i‘ljﬂllﬂ'lﬂ‘iﬁ'mﬂuﬂ’l']ﬁ%ﬂma‘a E‘l.l‘ﬁ 4.7 llﬁﬂ\iﬂﬂlm']i'lm@‘;ﬂ:ﬁﬁﬂﬂ

ATIVAOUN AUGARINGT 1By SAR wwhmthilSuudsiSaoaiia
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S, S S DO W .

Duyzienl  owugzat

|
|
|
|
I
i
i
|
|
|
I
|
|
!
i

317 4.7 Timing Diagram 484 SAR
o9 o o A o ot 4 A oo - 9 — 1] t:’ o
fivedifalszmaniladmiuns Conversion fladgygaewiaendunn szdeensdilutianaiiin
manfioudioulaonldounlad @i % LsB Tusrgatoveamsildounlasdygudiaae wiyn
b
weeninuuiuynda uAutauuuez e winmes nunludnuuzeynsy 2995 ADC uuiaunsaiiom
18 2 Tnua fie Tuuafivhaudasz(Free Run) uagInuefisesudmids viamouen nadildlumsnldou

doanald  N+1 vesgaad Clock Taw Clock gnusnezlflumsTidvsiamesnielu gaonaminaes

‘1 1 s \ A‘
sruuivuegiugunwuee DAC luszuuiiliedists
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=
Unn s
HANNIIMINULAZNITIDAUUUT LU

5.1 uni
s ¢ 5 & S y & ¥ @ <
msi lulasaeuInsiaesin IFauniuguaseuniisninnuowiunlflse Tomimennuawizvesnud
& 9 § o [} [ 4 [ o A e g s
gaanauuaz I ldauiiminzandusu desmsauianfivasuesnin wu man Aliguauidvnainmdieg
LY J wad ¥ o < = o ¥ A { o '
funuduiiedeguauianideamsudi i lulasneunsimesdenu il s6 3526vh Iinseafininausenszua
o 0o g ¥y A 3 d oo Y wa a9 Y o 1 dw Wy
geaemshau annuasih i iaginsisududiani v ldgamnidves Tanzauiideants udnirmiisala
LAAIBBNINNIID LCD iHavanfImIaiimesateoenin i gungil nszud ludy
5.2 HanMIMNUVBISTVY
ManNN131191U9215U9IA Analog to Digital Converter (ADC) U Q2121910 89U Feedback ¥831A384
Induction Heating uaz3udganunninieaingungiimeuasdyanauiiudeya 8 bitealis Microcontroller 1111/
a a o i 3 o o ar
szanana TuvaiziRediy Microcontroller MESUAYY 184910 key switch 1B MHUA mode YBINITTIIU HA91N
hd .
Wi Microcontroller w1i1dayafi Idninnailszianamenthee LCD uazdadayanisnanny Induction Heating 1l
o i 3 3 . . o [ "
U9 Analog to Digital Converter (ADC) 1ﬁeuﬂmmmaga Dtgltall.‘ﬂuﬂmuq,l“lm Analog 11892993 Pulse width

Modulation 72181141581 Induction Heating toAIUAUMITIIIMLAL dadaaet feedback 11l§a ACD A 1l
ﬂ o

INDUCTION HEATING

LCD DISPLAY

' 1

ADC MICROCONTROLER | —» DAC

T

SWITCH KEYS

311 5.1 uarAeBlock Diagram ve4 TuInsneuInsaans
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5.3 Hann1sesnuuy
¥
NENNIFeRNUVUITHLNB BN AU Fedl
5.3.1 Analog to Digital Converter (ADC)

anvazaIAyYes ADC 0808
- mmmgﬂﬁ'umﬁuﬁa&ﬂgm Digital 14 8 1in
- anwlaid divilszanas + 5 LSB uag +1 LSB.
- unaeneIWase +5 vDC
= 8 Channel Analog Input 112i& Multiples with latch control logic
- weensIdauuaziFeusefu Micro-controller
- GWRMNYN 20 BIF 119 +85 BIF U3D -55 BIRA D3 +125 DR

- Latched TRI-STATE Output
ANYUEYBY ADC U1 Successive Approximation Register (SRC) Tas ADC moTuithuuw 256R
TumseonuuTilFes ADC 0809 iy ADC 41410 § fin 111 Successive Aproximation 31 Error ¥11@ =+ |
LSB aunsnsusuwa 188 8 Saudtumsilassaniild
Input ADC 4118 2 fia(fie 1 fianin in3eamiiont anwdeu 8 fia 0 A1IngMUNY)

msﬁnws'lﬂ"h?qm Y293993 A/D Converter
i d

o ] o ' 9 T b4
ningliffuasesiediavesnisth lde l5auannsasdoases 14 fedl

o

CLK
5 MSB
smenns i LSB
| Vin_
——t
N+
ADC0808
DIGITAL OUTPUT
Vref Vref(+). REFERENCE TO
GROUND
Vin it
ADC 0808

a1t 52 szunsudasudiusasidau
nngil 5.2 wiiudw refredhiumdsteld Vee ag ) deidaiu GND Wil le ans I8 ugaa
f1ifa e Input sz1d11 18 lu%2a Vee Fu GND sinfudmiumsth I gnulums deude
(Interface)is uTns-nauInsaiaas fuuﬁm"lﬁﬁqﬂ s 3Taotunsdifies Issiinmsinlasdyaa §44 dyonu
write(WR)90 I3t ¥rs-nou Tnsaians 11911m13 Latch Channel ideamisunlasndonsiinis Start
uazH EOC #avi 1119152 Tosilums Interrupt Micro- Processorl#¥ Micro-Processor %’ui’:iwmm{ﬂﬂa?mﬁmuwum

91091 READ 31%1013 Output Enable (OE) tie 119951 ansdoyavine 8 iin
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READ___ [
] ) 1 | ~~__ "INTERRUPT
-

R S |
500K | ok ] )
ADDRESS 5.00v VREF(+) INTERRUPT
DECODE | 0.00V___ | VREF(-) .__DB7_, MSB
(AD4-AD15) _DB6

L |_DBS
WRITE > —

ADC0808 | DB4 .

|-bB3
ADO | . DB2
ADL | . DB1
AD2 | DBO_ . LSB
+5V SUPPLY s
VIN & -
| wvce -
- 0-5 ANALOG
[ vinz ™ INPUT

GND EETT VOLTAGE
VINO 23

31/t 5.3 faegr9msldan ADC 0808

5.3.2Digital to Analog Converter(DAC)

TumsihInssamadils DAC 0832 1 DAC 41419 2 Aty R2R Ladder ¥
msuasdeya Digital viia 8 finen Tulasneulnsaae Wudagin uernasn da
Tl maun SG 3526 Fafluda Pulse Width Modulator Sufludda Wadhlaaununisues

MAPower Y94 A3 Bam i wen
faartia vean1s 11 DAC 0830, 0832
1. 1umastis Ivyadoavunn 15 Toad
2. Input Voltage gagalaitiu 5 Taad uag shgalaiiiu 0 Taad
3, sxﬁnmsiﬁm‘fmﬂam1ﬁvgmﬁummﬂu 1 (Vmax-Vmin)
256
4. Vout= _D (Vmax-Vmin) + 255Vmin
256 256

mslFaesiiudeg 5.4
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|
1K
I . 1 Ynun DATA § Bats e
WK }nz , Lon | i
, T e s JERE
=1 - DAC 4332 ?
' ¥ee
10K Hop l
: 2 i T =

sy —i
|

l—’HI

Yout=Datax{ Vmax-vount+ Yoy
156

117 5.4 namar99sMsiauves DAC 0832

5.3.3 LCD(Liquid Crystal Displays )
LeD #ding lvelinuanaiadu I ualumsyi Inssaunsei ey

@ o o o 9 - o
VYUIA 20 ATDNHT 2 UIINATUVBYAVUIA § UA i!'lﬂ‘llliﬂiﬂ'auiﬂ'ilﬂﬂﬁ

5.3.4 aringuungil
- P ' o " w

Lm 335 dluniislunszqa LM 315 dadrodens CALIBRATE asiifn Voltage Breakdown i1y + 10
mV/K uagiifi Dynamic Impedance ouni1 1 Tow uaganansomamufingsuasenang 400 uA — 5 mA LM335
annsaiauldfigumgii 40 +100C

swazdemlantdesdie musafny1 19910 Datasheet 01d
s
M3 199U
M3 Calibrate 1310159 118 Taomst5udi 41 1 iiferitunaugndesluntsda Full Scale Range Temperature (815]

WNYB9 LM335 HAuviinu

ourm = Yourmn X T/T,

e Tfie gungiiniald K
VOUT fie ussAudiinlaen LM 335
VOUT(TO) fie gaumgiiledade i 2.982 v

TO fi0 QUMD 19D (1Y 298 K

~q 9
29950 19U
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K

717 5.5 uaA9I9RIMISAe LM 335

5.3.5 2993 lulasnouInsaaes

1. mseenuuulFin AT 8951 Faiiauwn 191THA 1A 4 Wedn
ms 15w
Port0 11l DATA BUS ¥l 8255 (input output port) 1ag ADC 0808
Port1  I¥dadoya 8 Bits 19 DAC 0832
2. m3lda1n 8255
Port A Sudeyasin Switch
Port B aeveyalilyalilés LD
Port ¢ ailAldau
Tay Address 489 Port A fio  00H
Port Bfie 01H
Port C fio 02H

Control State fi® 03H
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3. ADC 0808 & Address fi®
%’Uﬁ’ﬂgﬂjUWm 910 Induction Heating 08 H
FUdya I 9110 AR uUNgl 09 H
Tauimsaeu1 EOC 92A9I9NAD Interrupt ¥89 MCS 51
5.4 @Y Program AUAN

138U Flow Chart L1ef@19 Program A41l

Sethatiad 32535 LCD

!

FUGUAAUY IN ADC

l

WEEA IHaN N LCD

!

ardaalliipac

31 5.6 LEAAIFloe Chart Msnuveslulasneunsaans

P =t v o
#4M31301 Program 1¥A181 Assembly Huda Talsunsy
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UNN 6

N13NaAasd

9 ] &
MINAavLlILNBUAIY 3 AU AD
1. m3naass gaauau luTasaeu Insaes
2. MsnaavunIsumiisnimuiou

3. msnansuFoudnmsounivnhanuiewin ywatugululasaeuInsaes

6.1 msnaassaInsauLIeany 4 aru dade il
6.1.1 MINABDIINIIT Pulse Width Modulator (SG3526)
6.1.2 N1INANDI993 Digital to Analog Converter (DAC0832)
6.1.3 NINANDII997 Analog to Digital Converter (ADC0809)

¥
6.1.4 M3NAAD 1AUNI3112995719 3 98 T1sdumnassauduiulylasneuInsaaes

6.1.1 N1INAADII3I09 Pulse Width Medulater (SG3526)

Y] d
nglszaan
A a o ] Yo o a
1 e aueildgavesdaanawsul) ez lAsmuaussiunIuAURin 1 vee SG
3526 1R lugaiigndea
i il W
2. wenameumsilounssiuniunufion 1 ddemasiielsdedsd lanfaves
fgal PWM
@A o
35
1. whesadalaa lnliadyanunivl 10 vea SG 3526 iWoududyais PWM finl

= S w ar a 9/ LT ] o
13 ua::u}wmmmnnusaﬂumm}nﬂm 1 waauuuﬂngﬂaﬂujugm

L] ¥ .
% shussu asalSuald o 81 5 Taad dewdnfian 1 Tufinaiaad lanfafian

2,4,6 ¥o4 lodiWiMes 1uilnmanisnaass

HanN1IMARDa
useudt 01 1 (V) A lmda (%)
0.84 5
1.2 10
1.48 15
1.74 20
2.0 25
2.32 30
2.64 35
2.88 40
2.96 41.5

M3 6.1 LTAINITNATDS 5G 3526
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6.1. 2 NMINAADIIID7 Digital to Analog Converter

Sagilszaan

[
~

' i b
1. iwenaroumIAavgUI6NnIunnl¥aaIA lufadn

5%,10%,15%,20%,25%,30%,40%

2. enageumsiiuvenasdygadteeaiiusuiaen
N1INAR0Y
o a1 3 Yt v s ig a = q’
1. MmadSus Vmin (@1 11 vee DAC 0832 ) Widuihwssiuiilfiiada

lnfatfoshigamuranisnaass 4.1
Yt 1 o o Y a - dw
Vmax (11 12 483 DAC 0832 ) Iiiduiluuseduiiiiiadaa
lwRaumnnfigamunanisnaas 4.1
2. mmstleumideyavuia 8 dauaziausedueiun fivt 14 voa LM324 uag m

b

A lfa PWM Tufinnan1snaas

HaN13NAR0a
AaugIU 16 fioononwesa 1 (MCS-51) s anuiinlafivT 14 veq LM 324
00H 0.84
10H 0.96
20H 1.1
30H 1:25
40H 1.4
50H 1.5
60H 1.65
70H 1.75
80H 1.9
90H 2.0
AOH 2.2
BOH 2.3
COH 24
DOH 2.6

15199 6.2 UAAINITNAQABE DAC 0832
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6.1.3013MA0D434999 Analog to Digial Converter
Sagilszasn
A A FY o & 9 aa -
i iernuInNugnaeslumsulasdyanueasniludoyantneasuia 8§ ia
AT NIUAAINANIINIIGE LCD
o o
I
L. mstleusurmeriasn 0-5 Taad H18UNN 0 YBIADC 0808

vimsindaye s Data 0 - Data 7 489 ADC 0808 Lag Mimisfimaum wisusisdung musafui

UEAININLCD Tiufinga
Wan13MAea
UFIAUBUNN (V) U3 IALDININN (V)
0.500 0.508
0.800 0.820
1.00 1.036
1.50 1.502
1.80 1.817
2.00 2.012
2.50 2.520
2.80 2.852
3.00 3.037
3.50 3.573
3.80 3.848
4.00 4.063
4.50 4.590
4.80 4.885
5.00 4.981
1NN 5.00 4.981

15197 6.3 HAAINTNATDY ADC 0809
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6.1.4 M3NAandlagiingggsna 3 aesudusvlulnsnouinsames
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1. mnstleunssiuldiudunn 0 vea ADC 0808 evhimstlendeya 8 daliy
lulnsneuInsames
o A o J ﬂl b Y J o o " o ci
Z, msnuus sy liGes wSeumniuiinmsian ussuioansin DACOS3?

(V1 14 ¥94 LM 324) uazsudganuiion 13 uaz 16 ¥83 PWM (SG 3526)iiegaan lufa
‘: A ' A 1 Qs - o e Ci
3. dieflemrmilsfanmussiudunn *dunaussiufioannin DACOS32 (14
V99 LM 324) nazdygiaiivn 13 uag 16 ¥8a PWM (SG 3526) Nimslasuulauiiuedia’ls anas

D ELRY

HaN1INABRA

vinmsnaasiieouTlsunsulidungmsumnn useduiualdidlowsniin su
N 1 489 ADC 0809 udauaamasussduiidunma Lo Tuvasi@orfufid Mcs-s1 smsiiiy
sumznoudoudidun fussduduwniisuiviudor Mcssi fwdedoyasunn dold
DAC uAMINUZIAUBURNIN ADC fiesranmias MCS-51 wwimsan Adeyaiideesnlais DAC
ipanmAn luAaves G 3526 Fewamsnaasaiiu linuiidesns

= a v
6.2 MINATBUAIBIUHHLIUINIINIDU

Induction Heating

msmamm?mmﬁmﬁ‘mmn%’au

v
YUADUNMITNADDY

L. 3 pulse i1 13,16 ifudeyans Drive Transistor fiagalfi 1

Ch1 Freq
S4.S8kHz

Ch1 Period
18.32Ms

Chil Pk—Pk
30.5 Vv

S.00 V M A4 . 00s A Chl -~ Qoomv

11 Mar 2002
—80.0000nNns 00:35:53

Ui 1
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Y Pai a ¢ A o . [ =
2 pulse N1 3B Mifludaygias Drive Gate 499 IGBT fagldi 2

Ch1 Freq
S532.01kHz
. Ch1 Period
l 18.86ps
- Ch1l Pk—Pk
o] eirmsioson o e sran g | 5 % B % 2w ko A 29.4 vV
e 3

S OOV N M4 00}15 A ChI o 400mv
11 Mar 2002
—80.0000ns 00:23:54

g2

39 pulse 141 Gate ﬁuﬁg'ﬂ“ﬁ 3

S3.18kHz

Ch1 Period
18.81pus

IR A e SR S S S U oo LR b B VIR T T (DAL A0t i 0, W v M S U (S y TS S T M T ST W IO, SIS T S S PR SR SO Y

ikl 5.00V A Ma. 000s A ChT Faeorv

11 Mar 2002
—80.0000ns 00:24:28

i3
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[ )

;.Em'.S_OOV’\J"‘-"":"'

“IM4.00Ms A Ch1 & 400mv-

Remove

I Measurement

1 Afeasurement
1

g RMeasurement
2

I Rfeasuremaeint
3

1 Measuremaint
4

: : Al
: ; i g i‘—SO_DIOOOns, Measuremnts
Select M High—Low
Measrmnt ycasrmnt  offe  setup  Rfarence
g1 4
5. dndygunnewd miioulas Switching aouilouly
U o v @ a o) [
6. NANDINIMANYUIAAI TAATWITIUNBTA1E 80T IANARIAITIS
YuIALFuE NSTUT input nailunis
gudnai No load ON Load 1A
[ Amp] AITMOGIGA | AszuaAn [sec]
[Amp] [Amp]
7 mm 1.6 34 2.5 10
5 mm 1.6 3 2.4 6
4 mm 1.6 2.9 23 5
3 mm 1.6 2.8 2.10 4
2 mm 1.6 2.7 1.85 3
1.5 mm 1.6 i 175 2

M99 6.4 MInAasIMsmiloninauoud Inansie

& ' & =1 o v Y w s
3. ANINARDUYDUADIATOUHUSIUIANUTDUMEINY ﬂﬂﬂ‘)ﬁﬂﬂiﬂiﬂ‘iﬂﬂuiﬂimﬂi
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6.3 M3HueuRIBANENhANNIouN TR IR

NAN1INATDI
| | o )
LRI It MSUE input
natswne lang
NO Load On Load
5 narlunsual narlunsda

(AMP) | nseuerge | nszued

qa(AMP) | AN(AMP)
7.0 mm 1.6 3.4 25 10 15
5.0 mm 1.6 3.1 2.4 6 16
4.0 mm 16. 2.9 23 5 17
3.0 mm 1.6 IR 2.1 4 18
2.0 mm 1.6 2.7 1.85 3 20
1.5 mm 1.6 2.2 1.75 2 15

M1l 6.5 ManaaesmsiFendeinioamiioninuiou 151y ygandugy MCS 51
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ook Rk R R ok K ok ok ook ok s ke o ok ok ok o o s ko ook ok
: MAIN PROGRAM

IN1 EQU P2.3
IN2 EQU P2.4
IN3 EQU P2.5
RS EQU P2.0
RW EQU P2.1
EEQU P2.2
ST EQU P2.7

323332232233333323333339%)

ORG 0000H
MOV SP#07H
LIMP START

233233332333333333333

START:

JB P3].START
LCALL INI LCD
LCALL SHOW TEMP

3323233233323333339999339933>

DO:

LCALL CH_INO
LCALL ST CON
LCALL RCEKEP
LCALL CHKMSB
LCALL CHKLSB
LCALL ADDBCD
LCALL SUB 273
LCALL KEPTX
LCALL SHOW 1

22333333333933239233323)

LCALL CH IN1
LCALL ST CON
LCALL RCEKEP
LCALL CHKMSB
LCALL CHKLSB
LCALL ADDBCD
LCALL SUB 273
LCALL KEPTX
LCALL SHOW 2
LIMP DO

2322333333333355333335333>

INI_LCD:

CLR RS

CLR RW

CLRE

MOV A #3CH
LCALL LCDSET
LCALL DELAY1
MOV A #00001100B

3



LCALL LCDSET

LCALL DELAY1
CLR A
RET
LCDSET:
CLR RW
CLRRS
MOV P0.A
LCALL ENABLE
LCALL DELAY1
RET
ENABLE;:
SETBE
NOP
NOP
CLRE
RET
DELAYI:
MOV RO #0FFH
LOOP:
NOP
NOP
DINZ R0,LOOP
RET
LR
LCDWRITE:
SETB RS
CLR RW
MOV PO,A
LCALL ENABLE
LCALL DELAY]1
RET
SHOW TEMP:
MOV A #082H
LCALL LCDSET
LCALL DELAY1
MOV A#'T'
LCALL LCDWRITE
LCALL DELAY1
MOV A#E'
LCALL LCDWRITE
LCALL DELAY1
MOV A #M'
LCALL LCDWRITE
LCALL DELAY1

MOV A #P'



LCALL LCDWRITE
LCALL DELAY1
MOV A #31H
LCALL LCDWRITE
LCALL DELAY1
MOV A_#020H
LCALL LCDWRITE
LCALL DELAY]
MOV A #090H
LCALL LCDSET
LCALL DELAY1
MOV A #0DFH
LCALL LCDWRITE
LCALL DELAY]
MOV A #C'
LCALL LCDWRITE
LCALL DELAY]
MOV A #0C2H
LCALL LCDSET
LCALL DELAY1
MOV A 4T
LCALL LCDWRITE
LCALL DELAY]1
MOV A #E'
LCALL LCDWRITE
LCALL DELAY]
MOV A #M'
LCALL LCDWRITE
LCALL DELAY]
MOV A #P'
LCALL LCDWRITE
LCALL DELAY1
MOV A #32H
LCALL LCDWRITE
LCALL DELAY]
MOV A #020H
LCALL LCDWRITE
LCALL DELAY1
MOV A #090H
LCALL LCDSET
LCALL DELAY1
MOV A #0DFH
LCALL LCDWRITE
LCALL DELAY1
MOV A #C
LCALL LCDWRITE
LCALL DELAY1
CLR A
RET



2333333333393933>

CH_INO:
CLR IN1
CLR IN2
CLR IN3
RET

23333353329323393%323>

ST _CON:

CLR ST

SETB ST

NOP

NOP

NOP

GLR &

LCALL DELAY 200U
RET

22323233333339927>

DELAY 200U:
MOV RO#028H

DEL:

NOP

NOP

DJNZ RO,DEL

RET

333!39)33!!5’51379733}35331’737’3!3’39,

RCEKEP:
CLR A
MOV 30H,P1
MOV A,30H
ANL A #0FH
MOV 31HA
MOV A,30H
SWAP A
ANL A #0FH
MOV 32H,A
CLR A
RET

33333333329332733399999933

CHKMSB:
MOV A 32H
CJINE A#00H,CHKM1
MOV 37H,#00H
MOV 38H,#00H
MOV 39H #00H
MOV 3AH #00H
RET
CHKM1:
CJINE A#01H,CHKM?2
MOV 37H#09H
MOV 38H.#22H



MOV 39H #31H
MOV 3AH,#00H
RET
CHKM2:

CINE A, #02H,CHKM3
MOV 37H #80H
MOV 38H, #45H
MOV 39H_ #62H
MOV 3AH,#00H
RET

CHKMS3:
CINE A #03H,CHKM4
MOV 37H,#70H
MOV 38H_#68H
MOV 39H_ #93H
MOV 3AH #00H
RET

CHKM4:
CINE A #04H,CHKMS
MOV 37H,#60H
MOV 38H,#91H
MOV 39H_ #24H
MOV 3AH #01H
RET

CHKMS:
CJINE A #05H,CHKM6
MOV 37H,#50H
MOV 38H,#14H
MOV 39H,#56H
MOV 3AH #01H
RET

CHKMB6:
CINE A #06H,CHKM?7
MOV 37H #40H
MOV 38H #37H
MOV 39H,#87H
MOV 3AH #01H
RET

CHKMY7:
CINE A#07H,CHKMS
MOV 37H#30H
MOV 38H #60H
MOV 39H.#18H
MOV 3AH #02H
RET

CHKMS:
CINE A #08H,CHKMSY
MOV 37H,#20H
MOV 38H.#83H
MOV 39H.#49H



MOV 3AH #02H
RET
CHKMS9:
CINE A #09H,CHKM10
MOV 37H #10H
MOV 38H,#06H
MOV 39H #81H
MOV 3AH #02H
RET
CHKM]10:
CJINE A #0AH,CHKM]11
MOV 37H,#00H
MOV 38H,#29H
MOV 39H. #12H
MOV 3AH.#03H
RET
CHKM11:
CJNE A,#0BH,CHKM]1?2
MOV 37H_#90H
MOV 38H.#51H
MOV 39H #43H
MOV 3AH#03H
RET
CHKM12:
CJNE A #0CH,CHKM13
MOV 37H,#80H
MOV 38H_#74H
MOV 39H #74H
MOV 3AH #03H
RET
CHKM13:
CJNE A #0DH,CHKM14
MOV 37H #70H
MOV 38H,#97H
MOV 39H #05H
MOV 3AH #04H
RET
CHKM14:
CINE A #0EH,CHKM15
MOV 37H #60H
MOV 38H #20H
MOV 39H #37H
MOV 3AH #04H
RET
CHKM]15:
MOV 37H #50H
MOV 38H #43H
MOV 39H,#68H
MOV 3AH. #04H
RET



33232323332333339%)

CHKLSB:
MOV A31H
CJNE A,#00H,CHKL]1
MOV 33H,#00H
MOV 34H #00H
MOV 35H #00H
MOV 36H,#00H
RET
CHKLI1:

CINE A #01H,CHKL?2
MOV 33H,#18H
MOV 34H #95H
MOV 35H #01H
MOV 36H,#00H
RET

CHKL2:
CINE A,#02H,CHK1.3
MOV 33H,#36H
MOV 34H #30H
MOV 35H_ #03H
MOV 36H #00H
RET

CHKIL3:
CJINE A #03H,CHK1.4
MOV 33H #54H
MOV 34H #85H
MOV 35H,#05H
MOV 36H,#00H
RET

CHKILA:
CINE A#04H,CHKLS5
MOV 33H,#72H
MOV 34H_#80H
MOV 35H #07H
MOV 36H #00H
RET

CHKLS:
CJINE A #05H,CHKL6
MOV 33H #90H
MOV 34H #75H
MOV 35H,#09H
MOV 36H.#00H
RET

CHKLG6:
CINE A,#06H,CHKL7
MOV 33H,#08H
MOV 34H,#71H
MOV 35H #11H
MOV 36H,#00H



MC14049B, MC14050B

ELECTRICAL CHARACTERISTICS (Voltages Referanced to Vgg)

G -55°C +25°C +125°C
00
Charactadstic Symbol | Vdc Min Max Min Typ ¢4 Max Min Max | Unit
Quiput Veltage “0"Lavel | VoL 6.0 — 0.05 — 0 0.08 - 0.05 Vdc
Vi = Vpg 10 — 0.05 s 4] 0.05 -_— 0.05
19 — Q.08 - Q 0.0% = Q.05
1" Lével | Vgy 5.0 4.95 — 4.95 5.0 — 4.95 — Vde
Via=0 ) W0 | 995 | —~ | 995 10 = | 995 | -
18 14.85 - 14.95 15 - 14.95 —
NO = 4-5 VdQ) 5-0 — 1‘5 s— 2425 1.5 - 1-5
(Vo5 = 9.0 Vdc) 10 - a0 - 450 3.0 — 3.0
(Vg = 13.5 Vdc) 15 — 4.0 —_ 6.75 4.0 —_ 4.0
1+ Lavel | Vi —— o = e o ; e
(Vo = 0.5 Vdc) §.0 3.6 - 36 275 — 36 —
(Vo = 1.0 Vidc) 10 7.0 — 7.0 §.50 — 7.0 —
(Vo = 1.5 Vdc) 15 1 — 1 825 - 1 -
Output Drive Curmant lon mAdc
(Voy = 2.6 Vdc) Saurce 6.0 -16 — -125 | -26 — -1.0 —
(Vo = 9.5 Vdc) 0 | -16 | — |-130| -26 — | -10] —
(Von = 13.5 Vdc) 15 -47 —_ -3.75 -10 —_ -3.0 -
(VoL = 0.4 Vdc) Siak | log S0 | 315 | — 32 6.0 — 26 — | made
(VoL = 0.5 Vdc) 10 10 - 8.0 16 — 6.6 —
(VoL=15 Vdc_) 15 3Q = 24 40 19 —
tnput Current ki 15 —_ +0.1 —_ +0.00001 | +0.1 —_ 1.0 pAdc
Input Capaditance (Viq = 0) Cin — — — - 10 20 = — oF
Quilesoarit Current (Per Packaga) oo 50 — 1.0 = 0.002 1.0 — 30 | pAde
10 — 20 — 0.004 2.0 — 60
16 —_ 4.0 — 0.006 4.0 —_ 120
Total Supply Curment (5 (8) b 5.0 br = (1.8 pAKHZ) f + Ipp pAdc
(Dynamic plus Quiescant, 10 Iy = (3.5 pAfiHzZ) f + Ipg
per package) 15 = (5.3 pAfKHzZ) f+ Ipp
(Cy = 50 pF on all outputs, al
buffers switching

4. Data labelied “Typ" is not to be used for design purpases but ks intended as an indication of the IC's potentiai padformance.
§. The formulas given ara far the typicat charactedstics oaly at + 25°C
6. To calculate total supply cument at loads other than 50 pF:

H{CQ) = (50 pF) + (C - 50) Vik

Where: by Is in pA (per Package), C in pF, V = (Vpo — Vss) in vots, f in kHz is lnput frequency and k = 0.002.

httpJlonsemi.com
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MC140498B, MC140508

AC. SWITCHING CHARACTERISTICS (9 (C( =50 pF, Ty = + 25°C)

Voo
Characteristic Symbol Vdc Min Typ & Max Unit
Output Rise Time i ns
triw = (0.7 ns/pF) C_ + 65 ns 50 — 100 160
tyun = (025 ns/lpF) C_ + 37.6 ns 10 —_ 50 80
trin = (02 ns/pfF) CL + 30 ns 18 — 40 &0
Output Fafl Time trH ns
triL = (0.2 ns/pF) C + 30 ns 5.0 - 40 60
tr, = (0.06 as/pF) CL + 17 ns 10 — 20 40
tre = (0.04 nsfpF) C + 13 ns 15 — 15
Propagation Detay Time tpiy ns
tpH = (033 nslpF) C + 635 ns 5.0 — 80 140
tey = (0.19 nsipF) C + 305 ns 10 - 40 80
tpeH = (0.06 ns/fpf) C_ + 2T ns 15 = 30 60
Propagation Delay Time terL ns
tprL = (0.2 ns/pF) C + 30 ns 5.0 = 40 80
tey ™ (0.1 ns/pF) C + 15ns 10 - 20 40
tpy = (0.0S ns/pF) C_ + 125 ns 15 - 15 30

7. The formulas given are for the typical cheracteristics only at 25°C.
8. Data labeled “Typ" is not to be used for design puposes but is intended as an indication of the IC’'s potential performanca.

5 m - —
= Vos=50v&e_ T =1/ g | Vas=15V60
i # & 120 > <t
< e E L~
3 A A £ A
w 2 o / %: r
8 x 8 / Vgs =10 Vde
=2 = 4 e — =
8 _a0} Ves=tove 2 A 4 |
g ,. E N A MAXMUM CURRENT LEVEL
S 40 &4 /’ i
i Vo= 10300 MAXIMUM CURRENT LEVEL 2 Vas = 5.0 Ve
ks =
o - [
-10 80 y) T 20 0 % 20 40 69 8.0 10
Vos. DRAIN-TO-SOURCE VOLTAGE (Vi) Vos. DRAIN-TO-SOURCE VOLTAGE (Vag)

Figure 1. Typical Output Source Characteristics

Figure 2. Typical Output Sink Characteristics

http:flonsemi.com
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PD. MAXIMUM POWER DISSIPATION (mW)
PER PACKAGE
YT T
1/

MC14049B, MC140508

Vss

#lavert on MC 140498 only

Figure 4. Switching Time Test Circuit and Waveforms

-
)
) POIP
@) SO
S - 175 mw
120 mw
50 s 100 125 150 175
Ta, AMBIENT TEMPERATURE (°C)
Figure 3. Ambient Temperature Power Derating
20 s — r-d—mns
INPUT 90% R e VDD
50%
. 10% SC Vs
L B e — toun
] —— Vou
o g o
MC140498
Vou 10% Vou
D e ety
iy i e,
ot
— ouTPUT 80%
- MC140508 S0%
10% Vo
= = e
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SEMICONDUCTOR n«

+ Complementary to TIP32/32A/32B/32C

TIP31 Series(TIP31/31A/31B/31C)

Medium Power Linear Switching Applications

NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings 1c=25°C unless otherwise noted

- TO-220
1.Base 2.Collector 3.Emitter

©2000 Fairchild Semiconducior intematonel

Symbeol Parameter Value Units
Veso Collector-Base Voltage  : TIP31 40 \Y
T TIP31A 60 v
:TiP318 80 \Y%
:TIP31C 100 \%
Veso Collector-Emitter Voltage : TIP31 40 A%
: TIP31A 60 \'s
: TIP318B 80 v
:TIP31C 100 \'4
Vepo Emitter-Base Voltage 5 \'
Ic Collector Current (DC) 3 A
lep Collector Current (Putse) 5 A
Ig Base Cument 1 A
Pc Collector Dissipation (Tc=25°C) 40 w
Pc Collector Dissipation (T,=25°C) 2 w
T, Junction Temperature 150 °C
Tsta Storage Temperature -65~150 °C
Electrical Characteristics T.=25°C untess otherwise noted
Symbol Parameter Test Condition Min. | Max. | Units
Veeofsus) | * Collector-Emitler Sustaining Voltage
:TIP31 le=30mA, Ig=0 40 \"
:TIP31A 60 \
:TIP31B . 80 Vv
: - TIP31C 100 \)
leeo Collector Cut-off Current
CTIP31/31A Vee =30V, Ig=0 03 | mA
- TIP31B/31C Vee =60V, ig=0 0.3 mA
lces Collector Cut-off Current
: TIP31 Veg = 40V, Vgg =0 200 | pA
:TIP31A Vee =60V, Vgg =0 200 | pA
1 TIP31B Veg =80V, Vgg =0 200 | pA
-TIP31C Ve = 100V, Vgg =0 200 pA
lggo Emitter Cut-off Current Veg =5V, Ic=0 1 mA
hee “DC Current Gain Vee =4V, Ic=1A 25
Vee =4V, [c=3A 10 50
Veelsat) * Collector-Emitter Saturation Voltage Ic=3A, Ig=375mA 12 v
Vge(sat) * Base-Emitter Saturation Voltage Vee =4V, [c=3A 1.8 \4
fr Cumrent Gain Bandwidth Product Ve = 10V, I = 500mA 3.0 MHz
* Putse Test: PW<300ys, Duty Cyde<Z%
Rev. A, February 2000
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Typical Characteristics
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FAIRCHILD
(ST BRI
SEMICONDUCTOR m
TIP32 Series(TIP32/32A/32B/32C)
Medium Power Linear Switching Applications
= Complement to TIP31/31A/31B/31C
A
1.Base 2.Collector 3.Emitter
PNP Epitaxial Silicon Transistor
Absolute Maximum Ratings 1.=25°C untess otherwise noted
Symbol Parameter Value Units
Veso Collector-Base Voltage : TIP32 -40 \%
1 TIP32A -60 \"
1 TIP328 -80 \Y
: TIP32C -100 A\
Veeo Collector-Emitler Voltage : TIP32 -40 v
: TIP32A -60 "
: TIP328 -80 v
:TIP32C -100 A4
Veso Emitter-Base Voltage -5 \'
e Collector Cument (DC) -3 A
top Coltector Current (Putse) -5 A
Ig Base Cument -3 A
Pc Collector Dissipation (T=25°C) 40 w
Pc Collector Dissipation (1,=25°C) 2 w
Ty Junction Temperature 150 “C
Tsre Storage Temperature -65~150 °C
Electrical Characteristics 1c=25°C untess otherwise noted
Symbol Parameter Test Condition Min. | Max. | Units
Veeolsus) | * Cottector-Emitter Sustaining Voltage
:TIP32 lc=-30mA, Ig=0 40 v
1 TiP32A 60 \
:TIP328 -80 v
:TIP32C -100 \'
leco Collector Cut-off Current
: TIP32/32A Vee=-30V,1g=0 -03 | mA
: TIP328/32C Vee=-60V,13=0 -03 | mA
lces Collector Cut-off Current
:TiP32 Veg=-40V, Vgg=0 -200 HA
cTIP32A Vee=-60V, Vgg=0 -200 yA
:TiP328 Vee=-80V, Vgg=0 -200 pA
: TiP32C Vee=-100V, Ve =0 -200 HA
lego Emitter Cut-off Current Vgg=-5V,lg=0 -1 mA
hee * DC Current Gain Veg=-4V.Ic=-1A 25
Vee=-4V, lc=-3A 10 50
Ve(sat) * Collector-Emitter Saturation Voltage lc=-3A, lg=-375mA 12| v
Vgelsat) * Base-Emitter Saturation Voltage Vee=-4V, o =-3A -18 | v
fr Curent Gain Bandwidth Product Vee =- 10V, lo = - 500mA 3.0 MHz
< Puise Test: PW<300us, Dufy Cycles2%

©2000 Fairchid Semiconducior intemational

Rev. A, Februacy 2000
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TIP32 Series(TIP32/32A/32B/32C)

Typical Characteristics
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Figure 2. Base-Emitter Saturation Voltage
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IGBT Modules

Short Circuit SOA Capability
Square RBSOA

Symbol Conditions Maximum Rafings
Vi , =25°C lo 150°C 1200 \%
Veor 1 =25°C to 150°C; Ree =20 kQ 1200 A"
Vaes Continuous +20 Vv
Vaeu Transient +30 v
lexs e =25°G 330 A
[ J Tc = 80°C 220 A
| =80°C,t,=1ms 440 A

ty Vca 15V, Ve = Vg, T, = 125°C 10 ps

(SCS0A) R = 3.3 0, non repelitive
RBSOA Vee=115V, T,=125°C,R; =33 Q lew = 400 A
Clamped inductive load, L = 100 pH Veac < Ve

P T =25°C 1380 w

T, 150 °C

Ty 40 ... +150 °c

VisoL S50/60 Hz, RMS t=1min 4000 V-~

“ lsoe < 1TMA t=1s 4800 Vv~

{nsulating material: ALO,

M, Mounting torque (module) 2.26-2.75 Nm

20-25 Ib.in.

(teminals) 25-3.7 Nm

22-33 lb.in.

dg Creepage distance on surface 10 mm

d, Strike distance through air 9.6 mm

a Max. allowable acceleration 50 m/s?
Weight Typical 250 g

8._8 oz

Data according to a single IGBT/FRED unless otherwise stated.

C25
V.., =1200V
Vi =22V

A e72873

Features

* NPT IGBT technology

= low saturation voltage

* low switching losses

« switching frequency up to 30 kHz_ -

= square RBSOA, no latch up

* high' short circuit capability

* positive temperature coefficient for
easy parallelling

= MOS input, voltage controlled

* ultra fast free wheeling diodes

* package with DCB ceramic base plate

< isolation voltage 4800 V

= UL registered E72873

Advantages
« spacae and weight savings
 reduced protection circuits

Typical Applications

* AC and DC motor control
= AC servo and robot drives
* power supplies

= walding inverters

© 2000 IXYS All rights reserved
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Symbol Conditions Characteristic Values Dinensions =0.0
(T, = 25°C, unless otherwise specifiad) e
min. | typ. | max.
80—
Vorces Ve =0V . 1200 v e 05
Vo Lo =8 mA, Ve = Ve 4.5 65 V I—M@ =
Lo Vee = Ve T,=25°C 13 mA ‘;’ g b
T, = 125°C 20 mA .
big Vee =0V, Ve =420V 1800 nA
Ve L=200A, Ve =15V 221 27 v e
C.. 13 nF I ":‘ﬂ_, ) = ____m
C.. Vee =25V, Ve =0V, f=1 MHz 2 nF o feg TL:iI Eg BE=53
C 1 nF ’ 1 | F 9 —JJ1 |
Y }
L 100 ns
185 |-
t Inductive load, T, = 125°C 60 ns < o8le 4o5— o] |85
Lo 600 ns —74
¢ [.=200A V=15V o b w
Ve =600V,R; =330 1
E. =600V, R, 3 i
E.. 29 mJ
Ryuc 0.09 KW
Ros with heatsink compound 0.18 A Kw
Equivalent Circuits for Simulation
Reverse Diode (FRED) Characteristic Values Conduction

(T, = 25°C, unless otherwise specified)

min. | typ. { max.
A L =200A, V=0V, 22| 25 Vv 1 ( ) "o
=200 A V=0V, T, = 125°C 7l 28 ¥ e
u_e
|, Te =25°C 450 A
Te =80°C 280 A 11GBT (yp. at Vee = 15 V: T, = 125°C)
- e =200 A, Voe = 0 V, -dig/dt = 1800 Afys 180 A Vo=13V.R,=6.2mQ
t. T, = 12500, W = B0 200 S | Free Wheeling Diode (typ. at T, = 125°C)
R“,C 0.15 KW V,=13 ViR, =24 man
Rus with heatsink compound 0.3 KW | Thermal Response
P_UL | R_TH1 ] R_TH2
’ C_THL ~ | C_TH2
13 i !
IGBT (typ.)

Coy = 0.50 J/K: Ry, = 0.088 KW
Coz = 1.16 JK; Ry, = 0.002 KIW

Free Wheeling Diode (typ.)
Coae = 0.44 JIK; Ry = 0.146 KIW
Cua = 0.80 JIK: R, = 0.003 KW

© 2000 IXYS All rights reserved Dok
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Data Sheet

15A, 400V - 600V Ultrafast Dual Diodes

MUR3040PT, RURH1540CC, MUR3060PT, and
RURH1560CC are ultrafast dual diodes (t; < 55ns) with
soft recovery characteristics. They have a low forward
voltage drop and are of planar, silicon nitride passivated,
ion-implanted, epitaxial construction.

These devices are intended for use as energy
steering/clamping diodes and reclifiers in a variety of
swilching power supplies and other power switching
applications. Their low stored charge and ultrafast recovery
with soft recovery characteristics minimizes ringing and
electrical noise in many pawer switching circuits thus
reducing power loss in the switching transistor.

Formerly developmental type TA09905.

FEITTT D January 2000 File Number 277447

Ordering Information
PART NUMBER PACKAGE BRAND
MUR3040PT TO-218AC MUR3040PT
|RURH1s40CC TO-218AC RURH1540C
MUR3060PT TO-218AC MUR3060PT
RURH1560CC TO-218AC RURH1560C

NOTE: When ordering, use the entice part number.

Symbol

Aq Az

MUR3040PT, RURH1540CC, MUR3060PT,

RURH1560CC

Features

* Ultrafast with Soft Recovery............... ... <55ns
* Operating Temperature. ...................... 175°C
* ReverseVoltage Upto.................. ... . . . 600V

» Avalanche Energy Rated
= Planar Construction

Applications

= Switching Power Supply
= Power Switching Circuits
= General Purpose

Packaging

JEDEC TO-218AC

ANOQDE 1
CATHODE
ANODE 2

CATHODE
(FLANGE)

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

MUR3040PT MUR3060PT
RURH1540CC RURH1560CC UNITS
Peak Repetitive Reverse Voltage. . . ........... ... ... ... ... ... VRRM 400 600 Vv
Working Peak Reverse Voltage .. ........... ... ... ... .. .. .. Vewm 400 600 \
DCBlocking Voltage . ... ... . ... . .. Vg 400 600 \Y
Average Rectified Forward Current . ... ... ... ... ... ... ... ... e(av) 15 15 A
(Tc = 145°C) ‘
Repetitive Peak Sunga CUMBNE . .. cu . svae s ssn sainis 5550 son i e oo IFRM 42 30 A
(Square Wave 20khz)
Noarepetitive Peak Surge Current. .. ... ... ... ... ....... ... lesm 200 200 A
(Haffwave 1 Phase 60Hz)
Maximum Power Dissipation . ..._........... ... ... ... .. ... ... Pp 100 100 w
Avalanche Energy (See Figures Tand 8) ... ........._.... ... ... .. Eave 20 20 mJ
Operating and Storage Temperature . .. .. ... ... ............... Ts1a. Ty -55t0 175 -55t0 175 °c

1 . 1-BBEAINTERSIL or 321-724-7143 | Copyright © Intersil Corporation 2000



MUR3040PT, RURH1540CC, MUR3060PT, RURH1560CC

Electrical Specifications (PerLeg) T =25°C, Unless Otherwise Spedified

MUR3040PT, RURH1540CC MUR3060PT, RURH1560CC
SYMBOL TEST CONDITION MIN TYP MAX MIN TYP MAX UNITS
Ve Ig = 15A - - 125 - - 15 v
Ig = 15A, Tg = 150°C - - 1.12 - - 12 %
IR VR =400V - - 100 - - - pA
Vg = 600V - - - - - 100 LA
VR =400V, Te = 150°C - - 500 - - - pA
Vg =600V, T¢ = 150°C - - - - - 500 oA
tr IF = 1A, dig/dt = 100A/us - - 55 - - 55 ns
lg = 15A, dIg/dt = 100A/us - - 60 - . 60 ns
ta Ig = 15A, dig/dt = 100A/us - 30 - - 20 - ns
t Ig = 15A, dig/dt = 100A/s - 17 - - 20 - ns
Rosc - - 1.5 - - 15 °crw
DEFINITIONS

Vg = Instantaneous forward voltage (pw = 300us, D = 2%).

Ir = Instantaneous reverse cument.

tr = Reverse recovery time at dig/dt = 100A/us (See Figure 6), summation of t, + ty,
tq = Time to reach peak reverse cument at dip/dt = 100A/us (See Figure 6).
tp = Time from peak Iy to projected zero crossing of gy based on a straight line from peak Igpy through 25% of I (See Figure 6).

Rgyc = Thermal resistance junction to case.
pw = pulse width.
D = duty cyde.

Typical Performance Curves

i i
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3 /—~g=100c
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Vg, FORWARD VOLTAGE (V)

o L

FIGURE 1. FORWARD CURRENT vs FORWARD VOLTAGE
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Vg, REVERSE VOLTAGE (V)

FIGURE 2. REVERSE CURRENT vs REVERSE VOLTAGE
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MUR3040PT, RURH1540CC, MUR3060PT, RURH1560CC

Typical Performance Curvés
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FIGURE 3. t,y, ty AND t, CURVES vs FORWARD CURRENT

Test Circuits and Waveforms

Vge AMPLITUDE ANO
Rg CONTROL digdt
t1 aND t2 CONTROL I
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FIGURE 5. t TEST CIRCUIT
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT
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FIGURE 4. CURRENT DERATING CURVE

FIGURE 6. . WAVEFORMS AND DEFINITIONS

t—p

FIGURE 8. AVALANCHE CURRENT AND VOLTAGE
WAVEFORMS

All Intersil semiconductor products are manufactured, assembled and tested under 1SOS000 quality systems certification.

Intersil semiconductor products are sold by description only. lntersil Corporation reserves the
out notice. Accordingly, the reader is cautioned to vecfy that data sheets are current before

right to make changes in dircuit design sndjor specifications at any time with-
placing orders. laformation furnished by lntersi is beliovad o ba accurate sad

nl'aue.fbuevw,mmspansbikyismdbykﬁdahmbrhwwnwh-wh&hgamdmm«oﬂwﬁpm:ofmmnﬁd:maym
from is use. No bicense is granted by implication or otherwise under any patent or patent rights of lntecsil or its subsidaries.

For information regarding Intersil Corporation and its products, see web site www.intersil.com
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