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ABSTRACT

 This project presents the design and the construction of the high

frequency induction shower poi for home appﬁcations. T_he _po_t_ provides high efficiency
and energy saving. The input power is approximately 3'.:5_1:_kW.‘_'I_'I_1is project is an
application of heat transfer based on a principle of- résonance'j which uses
microcontroller PIC1E}E45_3.The operating frequency is varied between 25-and 48 kHz.
An IGBT half Bridge-i'nﬁérter is used for water temperature contro[-between 32 and 48

degree Celsius based on a frequency control technique
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ar o ]

Anfafunnszinananion  nWad Inpuy) 0¥y O [Oupun)

s 3.7 dnwocvaslaleamasilflulassn
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3.3.2 29958ut1ailaad (Inverter Part)
3.3.2.1 KANNNININ
NsesdunafiaafiilmserfivnminfildountasIWintzuansslimiln
'Lwﬂwmzmaé’uﬁmamnﬂ%'uLﬂ?inutmé'ml,a:ﬂmuﬁ'lﬁ dwdulaseomd Iddanuund
\iuandWL3ad (Half Bridge Inverter) Tfiad 8133964 (Voltage Source Inverter ) ﬂ’mgﬂﬁ

A & L [

3.8 wWwziitasannilessfeniesnite uddfnamavianulwginhuwnas ( <5

o

kW )%alﬂmomuﬁ"lﬁﬁmmﬁﬁ'mma 159 3.5 kw (Lﬂ‘%aaﬁwﬁwa;u) HufRoana
smivendanlfiudusfinadsiail ustaifovasdunafinasunuil s axfinns
Sansasluialduanu (Short Branch) %a’luma‘muqum'sﬁwmmaa S, waz S, veaed
mswsinaanlun s wissriadresasi Ll uwieuniu 4aundt 20naaing
(Dead Time Circuit) uanmnﬁ'lum'iﬁqﬁnum_nmmuqm luauquaiag 8, uaz S; 9xnd
W9 IUDNNTIG (Isolate Ground Circuit) WAz TIULNY (Gate Drives Circuit) 98l
WakonFy g msznitessniuguivisnshasdunisiesiunsmuniuuazainy
L%Umuv"‘immﬁmﬁfuﬁ’mmimnﬂﬂﬁ u.a:r]’qLﬁ'ué’mﬂn'i:ua'l,unﬁmnqu’lﬁ’ S, War S,
ﬁwmu"l.;ilﬁtﬁ@mmﬁ@\wmmﬁm%uﬁmaﬁﬂﬂgmwm‘é‘mﬁﬁm%uﬁuqﬂnﬂﬁa%% S, UaY

wod = o ar L3 ar g o (X" 3
s, 18 Senepanduaforiviaonnimeauazsasiues lduaasldiduluiadadaly

+DC o

-DC ©

L3

l=i o £ & o d' o
gﬂﬂ 3.8 11970 LIDILAATTUANILIAD
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3.3.2.2 MI2ONUUVNITIAIDWIDT IADT
1 o o B = FJ = - IJ
Iummjama'ﬁmaq‘lmﬁan'lfqﬂmrﬁmwﬁﬂLﬂmmu 'laaﬁ‘nI:u@a EX)
mﬂ'l,u@iaLﬂmwims‘{wu%iagt,t,ﬁa TunrswRnawesladdn LsassnwidInTzuah

'lma;hugaqa‘lé’mnamn’rsﬁ 3.6

2r.P i
I, = 2 (3.6)
V
las P, #fo Adeamdnewine (iad)
Vv do  widuiWinszuaasediga (lad)

aRtauaneioslarmualin 3.5 kw Bunadulni 220 vi10% 4
LﬁaLLﬂENiju"[wﬂ'mizLLﬂﬂmLé'w:'lGTﬁ’lgqig@lﬁa
V, = (220+10%) .2
= 3422 Vv

G]']&Jﬂ&lﬂ']'i‘ﬁ' 37 LﬁﬂLLﬂuﬁqﬁltiﬁﬂ‘ii’LLﬁﬁﬂﬁfﬂﬁt"]
27,3500

(220 10%)2

= 110 A

I, =

Homahanuuadle3dalin 70 % wld

; I, = 143 A |
CATzain 156ﬂ’ummmﬂﬂﬂ%‘ﬁﬁhﬂﬂﬁtﬂu 150 A 600 V Faduipma

vinaaatania Immmmé’nﬂm:maaﬁaamomugﬂﬁ 3.9 (a) lun1sldussnsdasinag

vungaihszunaaieudis aszunoauierliiule3on dasmwliliiAnaany

L%umué‘mﬁaummnqmwnﬂﬁmm:ﬁwmﬁ‘la%ﬁﬁtﬁu AugnInWe18E198IN R0

szunpanuienlugii 3.9 (b)
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yatiadnivAans

¥
a oA W

AnAafvEHsZ AN B grondmivinds
(a) lugaladiif (b) neaNiITEINEATINTAL
A Qr -1 ] :’ v
31'7] 39 ﬂﬂ‘]ﬂ’mxiﬂﬂﬂ‘.ﬂ‘ﬂ PNULRSNRIWITEUIHRIIATIH

3.3.2.3 10951aaInad
AnafRzaITaaing(Dead Time Circuit) Huaserutedyyrodias
nnasiuiiadyanululamanlniawed) dewwsiluavaualnialaiadlugs
Yk (Sy) UAZEN (S) mmﬂﬂ 310 Taproesesrimifiaiedmanouaaing ailasiu
vlu'lmaﬂmmmﬂ'ﬂummmnuumimammaunummﬂuwamlwmmmiamamﬁ’u 34
a:mlﬂqﬂmmmmuummmn‘la lumsmmuasnies Indilesdasinnumunzan lay
ﬁ]:%uag:ﬁuﬁ’m’am‘l@i%u (Rise Time) uazldas (Fall Time) maaqﬂmrﬁﬁﬂﬁfuﬂ i

sy lilugdiianmasnuuulfi (Datasheet)

A
o
Fogeyver
ATLANAN -
»
o 4
franam
gazFanm Sl >
ey o
. Sz
i
-
7 ¥ |5 ﬁ =
7t i e 1./,:4

i 3.10 dynnadiuinm S, uax S, filinataaInid (Dead Time )
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3.3.3 2995 MaALS UKD

' & A =, 9 a o - o v 4 &
Tugruidsznay waaradsaiuisnanldwadinuedaiinasyinminfdu

]
Lt = a

a e oa B a
auwiloislouuudg mt.ﬁuﬂszqkﬂsmmui (Cy Uz Cp) HaNINALIAAMNTANTIVIL

aonnd lasdsdygnmadonsalubigasqudald eagud 3.11

J i ]

a

asagnuanion

un Ferite ARaAmiuni

Mgt

U 3.1 ’JGQELEI‘HLEHWELLMI%Qﬂ'JJ?NLﬂ%E]wJﬁ‘Wﬁ’IE}:%

3.3.3.1 NYQONUUUING
TWN30aNULUTARINI RN TN NNET IR IINN1I$I8ILRENTINARS T
muﬂﬁ'u"lﬂhEJﬁ?LLﬂi‘?‘iﬁwﬁ’zyﬁﬁammmﬂaﬁﬂﬁ %uaQﬁ’umqwmua:’ﬁﬁmaﬁaq 9z
ﬁ']'l,ﬁmmﬂﬁmas”ua:mmifmﬂﬁuuuﬂm'lﬂlumsaammvﬁ’uﬁmﬁamﬁn@i”nﬁuﬂs:q
wassmiionhmunseRvsonldnnaumi 3.7

1

S — 37
. 272fL,C, 40

Wa  f A eanudisioiuus (Hz)
L, o aundovinslouwus (H)

c, #a dufvdszaslauuud (F)

‘[mamuf‘:a:ﬁaaﬁmmanLLU‘u"uﬂmﬂ'lﬁ'mmmlﬂﬁﬁ'ummu:gﬂma
SRR LULL WA a R AT lapndnnssanuuuazuongazasiadniunisue;insg
Sdnuuuu(wianin) sananniueriadas:

ﬁw%’unﬁmﬁamﬁmﬁma:ﬁ"aLﬁuﬂiquﬂmmwﬁ Tunseanuuudad
ﬁmuﬂmu’mmadm'nuz'l,ﬁ’uﬂuamﬁaﬁaamﬂﬁ’qwsﬁﬂs:ﬁw‘ﬁmwﬁnmu"l,@'fgaqm Tu

‘[ﬂ‘mquﬁﬁmuﬂlﬁmw:ﬁLé’umuﬂuﬁnma 22 ITUALUAT Iﬂuﬁuqm@mﬂlﬁ'ﬁmmﬂ
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wihiufumausiu g WaldvearandUnsaatudains daldazsdmasianindinly
Qs 1] d. 9 d' Jo o i J
asavadan N nitein erusunasi 3.7 lwlassnuiidmuelwanud slauuudiian
ity 25 kHz innaniuenudfldaiudfygissumunafesld waslumstiuto
faasmaIine axdFuanuiedatinem lagging (f, > £ ) wnzdmndsullugw
leading (f, < £, ) azvnlanuidlnamssuniwmaiesld aufs 40 kHz azldaandm
o L = \ aa & oA A e s o ”
mMyaaasadnnaswin 1.3 ihvesRie AeziRsana Sadnu3ulduanndaflazviale
s oa a s 4 A X w v A Y
UszAnBmwnsiiauanas SuflasnnandnIguidsniu dauudsmansnnidiag

. w oo o v A o ' a
Lﬁuﬂi:mﬂsﬁuuuﬂﬂ Fadreananrazinlfinninasasuazaaidnisuiundaliages
rinuladnas

3.3.3.2 m‘saanuuuﬁ"\é'hl,r“i'uﬂs:qﬁfmmwﬁ'
mn’uﬂmﬂmﬁmﬁwaammuzgﬂﬂﬁ@m6] 2z lUaT9raunIAIfIN
milsidoiniasade ua:a:ﬁn@i'lﬁvl.ﬁﬁansi'n'lﬂmmﬁ'aLﬁuﬂszqnlmmwﬁ' Wia
fmualwautsTsuuudiariiny 25 kHz é’aﬁumﬁaﬂﬁdm’ﬁLﬁuﬂs:QLﬂmmeﬁ
authlUnasaunsinawde l

lawihnsiadn L 16 0.105  mH
anuislaunusisian fr=25  kHz
1NFAT (3.7)
o 3 Qs - T 2
dwomd C ldvngas . C= %
G =0.386uF
- o 0.386uF o
Fonld Cawm 6800pF = —nt 55 ¢
_ 6800 pF

C, =28 @
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Tapaclddfulszarialniinglnin Adu (Polypropylene film) ww1a
1000 Vdc , 600 Vac'ffmﬁmﬁﬁ'ﬂﬂixq 6800 Pf #aB9  ¢IaTWIUN WoaasaNy
fuMuaUNINENNS (ESR : Equivalent Series Resistant) ﬁagnmluﬁuﬁuﬂ'squﬁ
VGHER ;wsw:tﬁaamnmmﬁaJ@T’]ummﬁ’onemaa:ﬁﬂﬁ’ﬁ'nﬁuﬂi:@lﬁﬂ’nuqnunﬁﬂmnﬁ'fu
=um:ﬁwmﬁmmmm:mmﬁgaq ﬁhwa'l,ﬁ’éhLﬁuﬂi:qifmﬁﬂmmLﬂ‘%‘ﬂﬂma'lﬂﬁ']u,a:'ﬁfl

Widumnldluiga
3.3.4 393995 EMI Filter

L L
~

lumiﬁ'mumaam‘%aaﬁwﬁ,’lajmmumumﬁw:‘l“ﬁ’awiﬁunaﬂﬂaﬂﬁa
waslnszuamssliiflunssusasuanutigs laoimamemludnsuznisufouulss
ﬁ'm's:ummzﬂ'rmﬁgae] ag1a WAL S28N13uaInai AN IR s AN o
JUNIY (Noise) 1 %aéwL‘ﬂumm@;ﬁﬂﬁmiﬁﬂnwaﬁ:uma%w‘%ai:uulnﬁﬁmLﬁ@
ARV ERE é'fmuty'lmiumuﬁtﬁﬂ%uﬁanamauﬂué':ymu’lm‘sumumm;imﬁnvlﬂﬁw

3.3.4.1 an#ML2995 EMI Filter

Friudunfieafiniudadfinni¥anafifasndyormsuniuie:
sanlumouanliagluszduiveaiyle AFmisafymIuNuiazeantdmouaniily
fuaglasnall fa nada LC Aawneiruagidunaiuszuuusduliady thesndygno

TUNWHILRUANINLANENE  UA=IBNaTIN  MIaa9aT LC Hataatanuntovinlénany

UL LU wuuwe () w3a uuufi (T) @93 3.12 (@) Uz 3.12 (b) ANwa19L us

]
1

gwivgfiouldde wuy 7 fasniliswimanni Ysznda wazlineashiing

_:CI(X) Cz(X}:

(@) WU TT (by MNas vy T

31U 3.12 Snsmemiee LC Rawmofiioaadygnmsuniu

2 - o ™
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ﬂ'rsﬁmuﬂﬂ"]qﬂn‘a‘niéfaa‘lﬁ’uula’h AMUTLT LU TV DI92 76 09T 60
L7 » r dl -] ~ d A L% L7 dl 5 gr 9 -
Taunidanud mannuwresdwiaiiead & ddumu fwaldduiulzyrie

Ay P | o 1 A L) L s g J ar
x anpdszfidld e stmuadn dimanfivdsg (C00) Seeiue 0.10F anly én

FUNY (R)azepadientiin

R=—" '
2.21C

Toosmuali t fduriniu 1 3ufl waz C Aa masimvesdduALLEg
(C1.,00) Tuasiaraafidurisaszantamlunisaadunimsuniuga 3993 LC
WaL@la%a:i'jruag}'ﬁ'mhmmuﬂn@mﬁuﬁmeﬁﬁmdﬂ'ﬁuwmaﬂama%ﬁ’mmdaﬁwu‘lw
AAU wazA1AMuLAndIBRLanTIzn e WasIama fiuBunavasEunaiiaat
Tapfeenuuandsasdufuaudiifain danaanoufygrssuniuezanlles
Iulassnuitleidanld 2esdainafuuume (3111‘7; 312 (a)  Defigruliznavuas
qmauﬁﬁmaaqﬂnm’fﬁadﬂﬂﬁ

- aafivilseg C,,(x) wazauAulIEy C, (y)

ganfiudszarila X" uazaivdszyriie v Wudifivyszadmiuns
saneudpanmsunin MWivussdulvwady 110 Taad wla 220 haad nsdedfiu
Uszpeaanoudygnusuniu fmusalidaldowuondszanaadunhimslinu

asia il

. c:‘—ldﬁl,_.ﬁuﬂ‘s?:q C,,{x) { X-capacitor )
'l.ﬁl’ﬁﬁa‘lﬁLﬁwﬂéﬁwLtﬂﬁaﬁ'l;iﬁﬂ'lﬁ';ﬂ‘ﬁ'qﬂmm“lﬁ{ué’um‘n BN LWAga
winaniudszgfiadanzgriainuianaia mslfanfulszasiia X aghiimdia
so'hmmqgaqmaaﬁmﬁuﬂ'ﬁ;q’l')‘ dnfvlszyziia X" fowtisaantaluanoiia X" uaz
wila X" MUSATIMULTITUEIgABIR AUl lageaufulszaria X," Gaaymu
usaugaralFawldunni 1,200 Tad dudanfivdszgaiia ;" Tdanuussaugega

TFuldanin 1,200 1adasn

- @LAwLsEa C, () (Y - capacitor )
ponlwlEldlusumisfianavin il qﬂnsm‘lﬂﬂﬂﬁ{u Swasua1n TWHA

q0 t‘T’]ﬁ’JLﬁ‘].lﬂ?:ﬁ}'tﬁﬂﬂ:a‘iﬂ%aﬁ’m’mﬁﬂwmﬂ @i"al,ﬁuﬂ‘szqmﬁ@"\'” %’ﬂLfJuqﬂnmfﬁtﬁm
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fuarulasadibfedasiinnasgmAsitunnuaensiog uazdpafilassainofiloarin
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safmuntzuadniuitolnanld dundonh L was L, wio L uas L, WAUDYURUNY
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Ferrite 5407910 UNUNTINGY (toroids) ¥3a Tfia EE ¥ El Ala

3.3.4.3 HANNTITN W IWDBIIVT

aaUfi 3112 (@)  @afindszy Cx) Aaglwaasezlinalunisaansiu

=5 €A
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High Low
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3.4.1 N1TPRNUULUATATININITATIVIUNTZUADUNA

waiﬁ'aui{ﬁwﬁmmaé’un's:uﬁﬁw&ﬂ Wannszuaedefiladadalw
Tulasneulnisnaiilsznianasall Tasdyyrmnszuaitazilaundvlldwiunsais
srvuflediunseugdunwauiniin > 16 Ay FangevaenlaazunTunaz 1T IT NS

mugﬂﬁ 3.14

Current Sensor

ABS AVErage  |r———lp— Qutput




@13197 3.1 fsna qrasdagunsaiflidmiuisasaTeIunus

R1 (114 W 60 O
11%)

R2 (1/8 W 10 kQ)
+5%)

R3 (1/8 W 25 k()
15%)

R4 (1/8 W 10 k2
+5%)

R5 (1/8 W 10 kKO
15%)

R6 (1/8 W 10 KO
15%)

R7 (1/8 W 5 kO
15%)

R8 (1/8 W 10 kKC)
15%)

R (1/8W | 100 k(2
15%)

R10 (178 W | 100 k(2
15%)

R11 (178 W | 110 k(2
15%)

R12(18W | 10 k)
+5%)

R13 (1/8W | 10 k(2

15%)

ATUFUMuUTHaMTuau (Carbon)
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ATTWN 3.1 A9 G]maoéx”aqﬂnm‘iﬁl‘fﬁﬁ%ﬂﬂ%’mwwnﬁun'sma (#a)

63 V
47nF
c2
B3V
| Melaavfivinnszusatnieiia (Fast Diode)
D1, D2 1N4148 75 V 200 mA
Low Frequency CSE187-L (Parallax Power
0.1-30 A Component, L.L.C)
cT 50 — 400
Hz
asovuauififidunwemiu J-FET molu
Wsznavdisaaduaudiiuam 4 i ddaiu
OP TLOB4 wuy sSO-14

Naimaﬁuni:uﬁmugﬂﬁ 2.14 azdsznavldde
21l Nint®3293UNI=ua(Current  Sensor) L@ld CT (Current
Transformer) LJuaA@5299UNTZUA Fuilunfnimaivas Parallax Power Component i
CSE187-L sunsnasiadunsus  IWadulddand 0.1 - 30 A fignuannufirinau 50 -
400 Hz anagiialdnuazdoanusmumusmiunsauno)liwn 60 Q (R1) Foaz'lel
aasIRInLaILTInwn 110 mv/A
29951W 1 a$(Buffer) fnwihAdasiun1sanatnfygimiunen

qﬂnm’fmw%’uﬁauﬁam?ﬂﬁaﬂufhu@m gaaly 4aldldpoiluand (OP1) dailuiees

MULLTINY (Voltage Follower)
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2995 fiNERTI1TEB(Gain) L‘iawmé’ﬂﬂmumaaﬁ'tummm%mﬁmmn
aﬂn‘smm’mwumuanmn 'm'lmmmn.maammunm%mauwmmawamﬂﬁnﬁ
mmmw@wm@'l,ﬂ mummmmummmmum’lmmmm*yEm TuRitlalesasuuy
NAaVWNE (Inverting Amplifier) dlasnniiinaesfiing walailgdntefaradi lemadmu

5 4:1 L . | L | . |
LB']‘HW‘GI I@] rmammﬁmmuusaﬂuuaumnﬂu

—==4,=-—7 (3.9)

1 L = A’ W o 1 A as 17

'lumwuanwm‘nwun‘s:uaauﬂ@u”l,ﬂmvmﬂmamw HIHUTIAW T

iy 2.50 i fazlddygmnszusfimanzauuazsaweiumIdwimbignaaua
anerld r3 =25 kO war R2 = 10 kQ)

2097W18 WA (Absolute) tHasnnFy i mnszum Iudyon sl

nssuaasuddlimmnsoilutaultlulaseaniniae fld wzazuninvezaeam i

Dwlinszuans lanhdganafldndmemmdizme ngUeeTeztznaud
AMUFIRNIH (R4 - R8), lalaa (D1, D2) uazaaulaul (OP3, OP4) Famunanms
Faweesi aa199s 3N AL LI A UAR WA N MwALEn (Precision Rectifier)
~9sHA LA E(Average) FuanmildanseImdsmasAwining
nizfion Ripple) Faillahdggailudeuldnululasnaulnsaimaiarvesiliiions
i nfananeld srhdedaailiminsnflasasdygroeatanas iilldldws
WFaRD QRETh HaesmlsznaudsausIumL (R9 - R13), @iuisze (C1, C2)

wazaavuauil (OP5, OP6) mamuanwmﬂaﬁnﬂa 29INTAINNVAREIY (Low Pass

" Filter) tiiaUaiaasiiin (Butterworth) WUy 2 54 1Hlursasfidne uﬂmmwmin‘smm'

WARANIT LLE]:&JE]@'I‘S’]H']TLILHHHDJ”EQ'IMQG mngﬂmm‘mmmwwmL@a‘smq ‘]‘llﬂx‘)’)x‘liﬁiﬂ c

w
giafl
Ny masWar Ty (Transfer Function) 28323358 Avn
R0
| RI3 (3.1
Afs)=f R ][_ﬁ](3 0)

(RIN).(RI) Ri2

I+ @, C2(RIN+RIT+ )8+, (C1).{C2).(RI0).(RI1).S’
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PINFANNTA 3.10 irualy

4, :-% (3.11)

)= —% (3.12)
a) = 0 CARID+ Rn+(—R%ﬂ (3.13)
by = 0 (CL(C2)(RIO)(RIT) (3.14)
¢ =27 (3.15)

o . { o o4 = { = = & q w

\fie 7, Aednadnabidnaad (Cut of) Fuduanubifiveniagenulili
yanuidenudginhenubiiuld

Fhmuadn C1 ez C2 13U R9 - R13 1dda

C}zczib—’ﬂ_}f'ﬁ-)- (3.16)
a;
a,CI=Ja CP = 4b,(C1Y(C2)(I - 4y )
RIO= (3.17)
47,.CIC2
ro=F10 (3.18)
“'Aﬂ 7
b.’
RIT=-—5— (3.19)
4n? £ 2 (CINC2)(RID)

A % J [} ) d’ ] Lo
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NIFFLUUAIVANULY #la (Pl System) AMNIUAUTITARIUDDY
BUYINIR (proportion — integral controller, Pl control) Lﬂuﬂi:U’mmiﬂ’mQuﬁMﬁmmi
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Farsenavlidaansin 2 7 fa nyMaITRIA AL UAUANNDLAE NS IWIWRLABUAY

sﬂ' 1 ~ -3 4 £ 9.
A7 unLLazluLLamaon’mm*sw:m:uumuqu'lﬂmmuna’] vnagaulagltWariTue

=1

faaat (unit step) NTRITOUN

Wansunsanolana aaﬁamuﬂmmuﬁ‘laﬁﬁada‘lﬂﬁ
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u(i)=K, e(t)+i-5[e(t)dt 321)
G (s)= K. (1+——) 3.22
¢ —irp TlS : ( . )

o o - 4 o + 4 =
fanuu aannguuuuiladowldludnanucnis fa
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GC(S)=KP +—:g— _ _ (3.23)
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LLauﬂﬂ%'NGT’;muanLmuﬁvl,aﬁogﬂﬁ 3.19



A o
3171 3.19 'm-smﬂ'mqml,uuﬁ"l,a

i
ES) Z,
Ei(§) 7

E(S) R, C;S+1
E.(S) RC,S

LR

Ep(S) _ _ R,
ES) R
azlddn

Eo(S) Eo(S) E(S) R;[R,C,S+1
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1
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Isolate Current Amplifier Relay

+12V

m R¥n

[ON RELA D ol

A . L5 =" Qs =
31N 3.25 uianlaazinTuuas 99 FaInNua3 02993 TUT R

::i ] ' a €A wo Lo L | L3
AT 3.7 A9 vassgunIniilddmiuasesiiiad

i

AMUAIUNIUTHARNILDU (Carbon)

R (1/8 W
200 €2
15%)
D1 1N4148
yudaaoTUS I MIWaEn 800 MA, 45V
Q1 -BC337 )

O

Phototransistor Optocouplers 50 mA, 55 V AT

DiP-4
OPTO1 TLPS521




60

Paaviudmdanuzii 3.25 sznaudin

2935UBNAIRT I vwihfuandygnmaiuguiuszuaugatiag

1
=

Aaflastudygissuniniitinninninadawidudzuediad Faazvirlwiianas
AanananusuuYszaaanals ludilels opTo was TLPs21 uadnsnluunsygnm
Fafuaalldfsianuilinnmin uarmangn '
aevsagngnszuaiviiad Undnasduasiiadeziunszualauizuim 50
mA Luaaﬁnﬂﬂmauumaaaaﬂlmuwnmnmmﬂammm muumlﬁaaﬂmumﬂﬂnma
m%mﬂmmmmmaaﬂummﬂms wiooesinanudomelituaatladld Gaiuds
daslt1vesupnonizusditae Tasldniuwdamofuuadin Q1) desunsuiunanduas
2ad Avlasudynnsdvinanaaylddndi dwlalaa (D1) sxfwiifiumelnanszua

199n088 IWNIdTaTaTIL

3.4.7 nspa nuuuuazasesestulasnaniniaaas, Sua uaz
HAAIKA
o = ' o & ° v A ar o
s indinidyvatszuunugy imihlszuisnadygmiivan

v
o LY a 1 B

IIN193T6IN 8996w Aradszuuiadnuate g wananiduludiuanisynim

o
5

PWM, UM WAZUEAINARIY dimaineuludmitaldlulasraulniamoiniugu
Fiwue tlasanasilisesiamaiinnziade, Tanudanguluniiin, et
sl donntasszuuaiugulding wazfiiafivsninluniadisugs ludiuvas
lulasnanlnsaianslaaanlfiuas 18F458  104U5HN Microchip w19 8 In las
qmauﬁmiﬁﬂamﬁﬁﬁmﬁﬁma'l.ﬂﬁ
1. a3 lum I 10 MiPs (Mega Instruction per Second)
2. §lnwasieatiiaas (Timer/Counter) 1w1a 8/16 T
3. DA A WEYYI PWM ﬁmmmmuqmwﬁuna’ima%’ﬂﬁﬂ 1
W wuumdnsied wie WaLdad (Full Bridge) 16
4. fdmaiadynUAan (Dead Time) M3 PWM ‘ﬁmmm
Tsunsunsfiezdssa sl e '
5. mmsm‘%‘amiaﬁ'uqﬂn‘srﬁmuuanﬁﬁnmuuu e le
6. Imihnanudayauuin1536 Bytes
7. finnpanudrldsunsuriaunaa (Flash) 2119 32 Kbytes
8. ﬁaaamﬂmﬁumné’mmmawmﬁamﬂu?&?ﬁ@aa 8 789
9. uwamauwmamwmmwm 5 Waim Ao A, B, C, D, uaz E
10. mw:'m@ml,mmaﬂau"lwm pavhnwiseau IR 2.0 - 55V



61

e & < e a [
@l’mﬂ‘mﬁMUﬂﬂdﬂuﬂ‘lMIﬂiﬂEl%I‘ﬂ‘a‘ﬂLﬁB‘iL‘UEJS%R]GMﬂ’)']&ILHEJW:ﬁNﬂU
- aw & e w ' o et . [V a
AR aninmIsanuuuLazadiTindmiRldudnevaidalilii

1.4.7.1 NM500NLULNRSFININIANIT

3.4.7.1.1 1waslalaseaninsataand

i
2RI
AN 2 1 11 32
ANI 3 3y
ANZ 4 R2Z3R3Z 3R4
> 5
AN4 7 24 {FesEr >
aNS 8 35 < k]
ANG 9 33 @
+5V
1l |ﬁ5 RN2
15 38 {_onewm >
16 37 {onRetay>
17 3 {soum >
6 28 T A
sCL 18 ‘ 27 [ome >
$DA 23
[swon >~ 19
<tzp_rav_} 44 14 13 12 31
X1
HIH
Ciz== =RCl

311 3.26 'N%‘smuquﬁ'lﬂuiﬂmau‘[mataa?



Ve o i oo o 5
o197 3.8 feneguasigunsaiflfdmitasslalneenlniaaes

62

R1 (1/8 W | anusumtfiaaniuau (Carbon)
5 k(2 -
+5%)
R1, RZ, R3
(118 W 10 k(2
+5%)
anuswmBLLLdaufuLuulasng 8 a2
RN1 10 k€2 9P
anydwmMsiUudasuwLuulaig 5 62
RN2 10 k€2 6P
aufulszypilaiTdn (Ceramic Disk)
c1,c2 30pF 50V
AIRATA (Crystal)
X1 7.3728 MHz ;
1ulnvneniniaiaad da03uuy DIP-40
IC1 PIC18F458




63
@nmﬂ*n 3.26 ’Niﬁvl?..liﬂiﬂE]%IﬂiﬂLﬂE]ﬂJﬁ’)Hﬂ%ﬂE]Uﬁﬂﬁ
ua-smmmamm'lmmﬁm 'n'mmwmmmammmmwmlmu
Talasnaulnsaiaad tsznaudan a3aain  (X1) wazanfivysz (G1,C2) o
,“luIﬂiﬂauIﬂsaLaaiLuammmmﬂauammmmwm'lmmaﬂ 40 MHz wananigald
amuBfsanaan 4 i1 (10 MHz - gega) Tauld uddonldsunsuldlerees PLL
(Phase Lock Loop) mﬂuﬁa%aﬁﬁagmﬁﬂﬁu 4 1 ﬂmﬁﬂﬂ’)’]ﬂﬁﬂam’fﬁﬂ’] fiazlel 40
MHz Y& "’i%dﬁﬂﬁ'é@mﬂmmﬁmﬁi]aunﬁﬁmmﬁs"ﬁm wadanmnAEmmelul
dunnidy ﬁﬁ'l.ﬁffm_,rynmumuﬁLﬁﬂmnﬁmcyﬂmmﬁmﬁﬂm Wuiillddenldnadawe
73728 MHz  uazldeanm 4 mols arldanufiin 20.4912 MHz Fadlusinuizay
ﬁqm Tapfiorsananuammasas LN TUTUABRRTUMIEIFYLIMAIG U6
c1 uar o2 iwlaashuusihluglamslinululasnaulnisiaed
2evsateanaclimeta tlasmnwefado quilndmfdsdygmaan
mouanuazfussanUsanansdacismuniudines Fringnuza19 939deams

] A -3 v o - :.‘J L7 1 =
anuuinan el imAaanudanaralumsirzuana luitldeousuivaw i

aadn HAY sadwlddezldanudunuawae 10 kQ  Aneluihsesdaiduuny

1 hod ' 1] i o e o J LS
Tasate’ly (RN1, RN2) @1ai:mwnnwa?mﬁﬂﬂ’l‘m’mmmummaanu'lwmmvla

3.4.7.1.2 19955UAUALUAAINA

L SCL [T

|[9)

%
N ;
ﬁ MG ™2
N
\re

1238

RY R1?
[ LED-FALED
'
SEG2 N
Qd
5V RIS S
Rih
Q5 =
Display
nm ST
Sound =

3R 3.27 WITTUALAZLRAINA



a19197 3.9 fan pasdUnIniflEinniueesiuduasuanina

64
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AARWIN U

Tusunsudmsulalasaanlnsaaad (Source Code)

list p=18f458 DELAY_SEG] EQU H1l
Hinclude pl8f438.inc DELAY SEG2 EQU H'12!
CHECK_POLL EQU H'13'
Jpirerr O] K = 6 Mhz X 4 *¥¥sexseses CHECK_UP EQU H'14'
CHECK_DN EQU H'1§
VARIABLE SAMP SW EQU H1¢'
DEAD _TIME EQU D24 4us TEMP_VAUI EQU H'17
FS CHARI1_BUFF EQU H18'
FS MIN PO EQU D49 40 kHz CHAR2_BUFF EQU H'19"
FS_MAX_PO EQU D239 25 kHz; 239 TEMP_BUFF) EQU H1A'
- TEMP_BUFF1 EQU H'1B'
;TIMER 7 SEG COUNT_10 EQU H1C!
TMRIH_VY EQU HBI' COUNT _UPI EQU H'1D
TMRIL V. EQU HDF COUNT_UP2 EQU H'1E’
COUNT_DNI EQU H'1F
JWATER TEMP COUNT_DN2 EQU H20
WARTEMP MIN EQU D32 CANCLE_UP{ EQU H21
WARTEMP_MAX EQU D4R CANCLE_DNI EQU H22
DELAY_PONI EQU H23
:DELAY AUTO SW DELAY PON2 EQU H24'
COUNT_AUTOL EQU Doot DELAY_PON3 EQU H25
COUNT_AUTOH EQU Do DELAY_AD EQU H26
COUNT _AUTOXL EQU Doo SAMP_AD EQU H27
COUNT _AUTOXH EQU Do [IN_BUFF EQU H28'
TEMPSINK_BUFF EQU H2¢%
DELAY FAN OFF TEMPCOIL_BUFF EQU HZ2A'
DELAY_FAN_OFF EQU ot ‘MIN TEMPWAT _BUFF EQU H2B'
DELAY_BLINK EQU e {2sINTERRUPTEVERY 50ms  [OUT_BUFF EQU H2¢
VIN_BUFF EQU H2D"
JA2D DELAY IIN EQU H2E'
AD_DEL EQU 25 DELAY_IOUT EQU H2F
DELAY_TSINK EQU H73 ¥
[N DEL EQU Do’ DELAY_TCOIL EQU H3I
1OUT_DEL EQU Do’ DELAY TWAT EQU H32
TSINK_DEL EQU D05’ DELAY_VINLO EQU H33
TWAT_DEL EQU D'0o! DELAY VINHI EQU H34'
TCOIL_DEL EQU oo COUNT_UPX1 EQU H35"
YINLO_DEL EQU Doy COUNT_UPX2 EQU H'36'
VINHI_DEL EQU Do’ COUNT_DNX] EQU H37
COUNT DNX2 EQU H38
:REFERENCE ) SECOUND EQU H39'
IN_REF EQU 128 MINUTE EQU H3A’
IOUT_REF EQU. D255 PI_BUFF EQU H'3B'
VINLO REF EQU . - D00 SAMP_TIM3 EQU H'3C!
VINHL REF EQU . D'255 COUNT: TIM3 EQU H'3D®
TSINK_REF EQU H'42' D2A_BUFF EQU H'3E'
TCOIL_REF EQU D'o0 DATA_D2A1_BUFF EQU H'3F
TWAT_REF EQU D'oo’ DATA_D2A2 BUFF EQU H'4)'
COUNT_SER EQU H'41'
JPTLIMIT BIT_SHOW EQU H'42!
PL_LIM_MAX EQU FS_MAX_PO CHECK_AUTO EQU H'43'
Pl_LIM_MIN EQU FS_MIN_PO COUNT_UPXI_BUFF EQU H'44'
COUNT_UPX2_BUFF EQU H'43'
:ADDRESS EEPROM COUNT_DNX1_BUFF EQU H'46'
TEMP_EE_ADDR EQU HOQ! COUNT_DNX2_BUFF EQU H'47'
:RAM DEFIND :PORT DEFIND
SSPCON2_BUFF EQU Ho0 ;PORTA
DUTYL BUFF EQU Hor CHANO _[IN EQU B'11000001'
DUTYH_BUFF EQU H'02' CHANI_1OUT EQU B'11001001
DISP BUFF EQU H'03 CHANZ_TSINK EQU B'11010001
DATA_D2Al EQU H'04 CHAN3_TCOIL EQU B'11011001"
DATA_D2A2 EQU H'05 CHANS_VIN EQU B'1110100¢
W _REGO EQU H'06' CHANG6_PI EQU B'1111000¢
STATUS_REGO EQU H'07 CHANT_TWATER EQU B'11111008
PR2_BUFF EQU H'08'
DUTYS_BUFF EQU H'09" ;PORTB
PR2_BUFFX EQU H'0B' SW_ON EQU HO1*
DELAY_BOUND2 EQU H'0C! Sw_OFF EQU Hor
DELAY_BOUND3 EQU H'0DY SW_RES EQU H'O1'
SAMP_DISP EQU H'OE' ON_RELAY EQU H'04'
CHARI EQU H'OF ON_OPTO EQU H'05"
CHAR2 EQU H'1(Q' ON_FAN EQU H'0s'



;PORTC
SEG1
SEG2
RESET F

:PORTD
VALVE
SW DN
SW_UP
LED_FAU
LED_DOT
SOUND

MAIN

HIGH_INTR

LOW_INTR

;*t*ﬂl*ﬂ#*#t***’i ALLPORT SETTING *¥*frvresnsss

SET_ALL_PORT

{PORT A

:PORTB

:PORTC

;PORTD

ORG
GOTO

ORG
GOTO

ORG
GOTO

ORG

Hinclude
#Finclude
#include
#include
#include
#include
#include
#include
#Hinclude
#include
Hinclude
#include

fiinclhude

Hinclude
END

EQU HUOO'

EQU HYO1'

EQU Hos

EQU H'0Y

EQU H'Ol'

EQU H'02

EQU H'03'

EQU H'06'

EQU HoT
d000H
MAIN
00008H .
HIGH_INTR
0018H
LOW_INTR
0030H

matn,asm

initprog.asm

iZc.asm

calduty.asm

delayl.asm

read_sw.asm
disp_show.asm
fault].asm
pi_con.asm
fan_off asm
€epram.asm
d2a.asm

pwm_fau.asm

sey_disp.asm

MOVLW B'1001f101

MOVWF

CLRWDT

CLRF

CLRF
CLRF
CLRF
MOVLW
MOVWF
MOVLW
MOVWF

CLRF
CLRF
MOVLW
MOVWF
SETF

CLRF
CLRF
MOVLW
MOVWEF
MOVLW
MOVWF

CLRF

CLRF

MOVLW
MOVWE
MOVLW
MOVWEF
MOVLW
MOVWF

RCON
BSR

PORTA
LATA
ADCONIT -
B0 i
TRISA
By
PORTA

PORTB
LATB
B0GO0OT L
TRISB
PORTB

PORTC
LATC
B'10000000°
TRISC
B'1I0LIELY
PORTC

PORTD
LATD
500000111
CMCON
B'00c001 11!
TRISD
B'11001111
PORTD

.PORTE
CLRF
CLRF

PORTE
LATE

MOVLW B'00000111"
MOVWEF TRISE
SETF PORTE
RETURN

;ttt*!‘*it!tt*t!t ALL I‘NTERUPPT SEET]NG RAEEEEERERE
SET_ALLINTR

:ALL INTERRUPT SETTING ,

PWM sz HIGH --- TIMER#2

:INVERTER FAULT ===> HIGH --- INT0O,ONLY

\7-SEGMENT ===>LOW --- TIMER#]
:OFF FAN === LOW — TIMER#0
BLINK READY ===> LOW -— TIMER#3

MOVLW B'00100000'
MOVWF INTCON
MOVLW B'10000000"
MOVWF INTCON2
CLRF INTCON3

* INTG (4), TIMERA {5)

MOVLW B'O000001[' ; ENABLE TIMERI (0}, TIMERZ (1)
MOVWF PIEL

MOVLW B'00000010"  : ENABLE TIMER3 (1)

MOVWF PIE2

MOVLW B'00000010'

MOVWF PR} 1 PRIORSTY TIMERI (03 (L), TIMERZ (1) (H)
CLRF PIR2
CLRF IPR2
RETURN

;PRIORITY TIMER3 ()

;t*i**t*ittt*i# I 2 C I\’fODE SET"NG a2 E R L L )

SET_12C_MODE
MOVLW D'sy’
MOVWF SSPADD
MOVLW B'10000000°
MOVWE SSPSTAT
MOVLW B'10101000°
MOVWE SSPCONI
MOVLW B'01100000"
MOVWE SSPCON2
RETURN

:ttt*tttt*t*#tt RS 232 MODE SETT]NG AFRERFFFREE
SET_RS232
MOVLW D38
MOVWF SPBR{O  SET BAUD RATE = 9600 @ LOW SPEED

- BSF RCSTA.SPEN

MOVLW B'00100010
MOVWF TXSTA
RETURN

HERERERR R rE DUINS SETTENG #H**s s s ersdsrsnsk
SET_PWM
MOVLW B'00000000°
MOVWF T2CON
MOVLW DEAD_TIME
MOVWF ECCPIDEL
CLRF ECCPAS
- RETURN
RESET_PWM
MOVLW FS MIN_PO
MOVWF PR2
MOVWF PR2_BUFFX
CALL CAL_DUTYCYCLE
MOVFF DUTYL_BUFF,ECCPICON
MOVFF DUTYH_BUFF,ECCPRIL

RETURN
SRR RRRERR Rk TINER SETTING #### #3548 64 £33 %
;TIMER}
SET_TIMER!

MOVLW B'L0000000'
MOVWF TICON
RETURN

RESET_TIMER1
BCF TICON,TMRI1ON
MOVLW H'FF
MOVWF TMRIH
MOVLW HFF



:PORTC
SEG!
SEG2
RESET F

:PORTD
VALVE
SW_DN
SW UP
LED_FAU
LED _DOT
SOUND

MAIN

HIGH_INTR

LOW_INTR

EQU  HOO

EQU  HOI

EQU HIG5'

EQU HOO

EQU HOP

EQU H'o2r

EQU H'0F

EQU HO6'

EQU HO7"
ORG 0000H
GOTO MAIN
ORG 00008H
GOTO HIGH INTR
ORG 00t8H
GOTO LOW_INTR
ORG 00301

#include main.asm
#include mitprog asm
finclude 12c.asm
#include calduty.asm
Hinclude delayl.asm
#include read_sw.asm
#include  disp_show.asm
#include faultl.asm
#include pi_con.asm
#include fan_off.asm
Hinclude eeprom.asm
Hinclude d2a.asm

#meclude  pwm_fauasm

#include sev_disp.asm
END

;***tttt*l***tt* ALL PORT SETTING EEREFRFREERRE

SET_ALL_PORT

PORT A

;PORTB

:PORTC

.PORTD

MOVLW B'10¢11101
MOVWE RCON
CLRWDT

CLRF BSR

.CLRF PORTA

CLRF LATA
CLRF ADCONI
MOVLW B'I1101111°
MOVWF TRISA
MOVLW B
MOVWF PORTA

CLRF PORTB
CLRF LATB
MOVLW B'00000111
MOVWF TRISB
SETF PORTRB

CLRF PORTC
CLRT LATC
MOVLW B'10000000'
MOVWF TRISC
MOVLW B'1101HHIT
MOVWE PORTC

CLRF PORTD
CLRF LATD
MOVLW B'C000011T'
MOVWF CMCON
MOVLW B'00000111
MOVWF TRISD
MOVLW B'11001111"
MOVWF PORTD

:PORTE

CLRF PORTE
CLRF LATE
MOVLW B'00000Y 11"
MOVWF TRISE
SETF PORTE

RETURN

;#*1*!**#*#*’.*#‘* ALL mTERUPPT SEET]’NG EIZTELEES 2
SET_ALLINTR

-ALL INTERRUPT SETTING

PWM s===> HIGH - TIMER#2

‘INVERTER FAULT ===> HIGH — INTO,ONLY
7-SEGMENT ==—> LOW -- TIMER#1

:OFF FAN w5 LOW --- TIMER#0

'BLINK READY  ===>LOW -— TIMER#3

MOVLW B'00100000'
MOVWF INTCON
MOVLW B'10000000
MOVWF INTCON2
CLRF INTCON3

5 INTO {4}, TIMERD (5)

MOVLW B'00000011'  ; ENABLE TIMER! (D), TIMER2 (1}
MOVWE PIE]

MOVLW B'OOO000LE  ; ENABLE TIMER3 (1)
MOVWF PIE2

MOVLW B'000000¢ED!

MOVWF [PRI . PRIORITY TIMERL (0} (L), TIMERZ {1} (H)
CLRF PIR2

CLRF [PR2 :PRIORITY TIMER3 (1)

RETURN

srreskereterrs | 2 C MODE SETIING EETTETIELE

SET_[2C_MODE

MOVLW D59
MOVYWF SSPADD
MOVLW B'10000000'
MOVWF SSPSTAT
MOVLW B'1010]1000"
MOVWF SSPCONL
MOVLW B01100000"
MOVWF SSPCON2
RETURN

JARSRRRRRRATL RS 232 MODE SETTING *###434rtss

SET_R$232

MOVLW D3¢
MOVWEF SPBRG  ;SET BAUD RATE = 9600 @ LOW SPEED

BSF  RCSTASPEN
MOVLW B'00E00010"

MOVWF TXSTA
RETURN

SEnERERssdkrarEdy DWRL SETTING (RIS E2E R ER L L L L)

SET_PWM

RESET_PWM

MOVLW B'00000000¢
MOVWF T2CON
MOVLW DEAD_TIME
MOVWF ECCPLDEL
CLRF ECCPAS
RETURN -

MOVLW FS_MIN_PO

MOVWF PR2Z

MOVWF PR2 BUFFX

CALL  CAL_DUTYCYCLE
MOVFF  DUTYL_BUFF,ECCPICON
MOVFF DUTYH_BUFF,ECCPRIL
RETURN

;**it‘*t**‘*#i* T]MER SETTING LEL IS TSRS LR L] &)

-TIMER!
SET_TIMERI1

RESET_TIMERI

MOVLW B'10000000'
MOVWE TIHCON
RETURN

BCF TICON,TMRION
MOVLW HFF

MOVWF TMRIH
MOVLW HTF



TIMER(Q
SET_TIMERO

RESET_TIMER®

.TIMER3
SET_TIMER3

RESET_TIMER3

MOVWF TMRIL
BCF PIR1, TMRI1IF
RETURN

MOVLW B'0000011Y
MOVWF TOCON
RETURN

BCF TOCON, TMROON
MOVLW HA4

MOVWF TMROH

MOVLW H'72

MOVWF TMROL

BCF INTCON, TMROIF
RETURN

MOVLW B'10011000°
MOVWF T3CON
RETURN

BCF T3ICON,TMR3ON
MOVLW HTF
MOVWF TMR3H
MOVLW HTFF

MOVWF TMR3L

BCF PIRZ, TMR3IF
RETURN

sswkrrsrsrer INITIAL ALL PROGRAM #% 4+ 3 formnnes
JINITIAL SEVEN SEGMENT AND LETY

INITIAL_7SEG

ANITIALD TO A
INITIAL_D2A

CALL  READY_I2CI
BSF SSPCON2,SEN
CALL  READY_RCt

MOVLW B'01000000"
MOVWF SSPBUF
CALL  READY [2C1
MOVLW H'00"
MOVWF SSPBUF
CALL  READY_RCI
BSF SSPCON2,PEN
RETURN

CALL  READY_RC!
BSF  SSPCONZSEN

“CALL ~ 'READY_RCI

MOVLW B'10011000'
MOVWF :SSPBUF
CALL  READY_I2Ct
MOVLW D00
MOVWF SSPBUF
CALL READY_[2C1

~MOVLW D'0¢’

MOVWF SSPBUF
CALL  READY_[2C1
BSF SSPCON2,PEN
RETURN

:RESET ALL FLAG FOR INTERRUPT

RESET_INTRFLAG

BCF INTCON,INTCIF
BCF PIR1, TMR2IF
BCF PIR2, TMR3IF
RETURN

:STOP ALL TIMER AND ALL INTR

STOP_ALL_INTR

:READ EEPROM

BCF INTCON,GIE

BCF INTCON,PEIE

BCF T2CON, TMR2ON
BCE TICON,TMRION
BSF PORTB.ON_OPTO
BSF PORTB,ON_RELAY
RETURN

READ_EEPROM_START UP
CALL
MOVLW
CPFSLT
BRA
MOVWF
CALL
RETURN

RD_TEMP_FROM_EEP
WARTEMP_MIN

TEMP_VAUL

CHECK TEMP_STORE_MORE
TEMP VAUI
WR_TEMP_TO_EEP

CHECK_TEMP_STORE_MORE

MOVLW
CPFSGT
RETURN
MOVLW
MOVWF
CALL

RETURM

:RESET ALL VALUE

RESET ALL_VAL
CLRF
- CLRF
CLRF
CLRF
CLRF
CLRF
CLRF
CLRF
CLRF
BSF
BSF
CLRF
CLRF
CLRE
CLRF
CLRF
CLRF
BSF
MOVLW
MOVWF
MOVLW
MOVWF

CALL
CALL

MOVLW
MOVYWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF

MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVYLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF

RETURN

SEND_DATA_TSEG_LED
CALL
BSF
CALL

WARTEMP_MAX
TEMP_VAU!

WARTEMP_MIN
TEMP_VAUT
WR_TEMP_TO_EEP

CHECK_POLL
CHECK_UP
CHECK_DN
SAMP_SW
DATA_D2Al
DATA_D2A2
SECOUND
MINUTE
SAMP_TIM3
PORTC,SEGL
PORTC,SEG2
SAMP_DISP
CHARI]
CHAR2
COUNT_SER
BIT_SHOW
CHECK_AUTO
PORTD,LED_DOT
DELAY BLINK
COUNT_TIM3
ol
SAMP_AD

DISPLAY_SHOW_TEMP
CAL_DATA_TO D2a

COUNT_AUTOL
COUNT_UPI
COUNT_AUTON
COUNT_UP2
COUNT_AUTOL -
COUNT_DNI -~
COUNT_AUTOH
COUNT_DN2
COUNT_AUTOXL
COUNT_ UPXI
COUNT_AUTOXH
COUNT_UPX2
COUNT_AUTOXL
COUNT_DNX]1
COUNT_AUTOXH
COUNT_DNX2

IIN_DEL
DELAY_[IN
I0UT_DEL
DELAY_[OUT
TSINK_DEL
DELAY_TSINK
TCOIL_DEL
DELAY_TCOIL
VINLO_DEL
DELAY_VINLO
VINHI_DEL
DELAY_VINHI
TWAT DEL
DELAY TWAT

READY 12CI
SSPCON2.SEN
READY 12Ci.



MOVLW
MOVWF
CALL
MOVF
MOVWF
CALL
BSF
RETURN

SEND_DATA_D2A
, CALL
BSF

CALL
MOVLW
MOVWF
CALL
MOVF
MOVWF
CALL
MOVF
MOVWF
CALL
BST
RETURN

READY _[?Ct
MOVFF
MOVLW
ANDWF
MOVLW
CPFSEQ
BRA
READY_[2C2
BTFSC
BRA
RETURN

CAL_DUTYCYCLE
CLRF
MOVLW
MULWE
MOVLW
ADDWF
MOVLW

B'01000000°
SSPBUF
READY_I2C1
DISP_BUFF,W
SSPBUF
READY _2C1
SSPCON2,PEN

READY_I2C1
SSPCON2.SEN

READY_I2CI
B'10011000°
SSPRUF
READY_12C1
DATA D2ALW
SSPBUF
READY_12C1
DATA_D2A2W
SSPBUF
READY_[2Ct
SSPCON2 PEN

INITIAL PCF8574

JINITIALDTO A

SSPCON2,SSPCON2_BUFF

B'0000G1 L1

SSPCON2_BUFFF

Doy

SSPCON2_BUFF

READY_2Ct

SSPSTAT,2
READY _12C2

DUTYS_BUFF
D02

PR2 BUFFX
Dol
PRODL,F
00"

ADDWFC PRODH,F

BCF
RRCF
RRCF
RRCF
BCF ~
RRCF
RRCF
RRCF
RRNCF
RRNCF
MOVLW
10RWF
MOVFF
MOVFF
MOVFF
RETURN
DELAY ON
MOVLW
MOVWF
LOOP3 DELAY_ON
MOVLW
MOVWE
LOOP2 DELAY_ON
MOVLW
MOVWEF
LOOPL_DELAY_ON
DECFSZ
BRA
DECFSZ
BRA
DECFSZ
BRA
RETURN

PLAY SOUND_ON
BCF
CALL
BSF

STATUS,C
PRODH,F
PRODLF

DUTYS_BUFEF

STATUS,C
PRODH,F
PRODL,F
DUTYS_BUFFF
DUTYS_BUFFF
DUTYS_BUFF.F
B1000IT00"
DUTYS_BUFF F

:DUTY L

:DUTY H

PR2_BUFFX,PR2 BUFF
DUTYS_BUFF,.DUTYL_BUFF
PRODL.DUTYH_BUFF

D01’

DELAY_BOUNDI

oo

DELAY_BOUND2

D'oo’

DELAY_BOUND3

DELAY BOUNDAF
LOOP1_DELAY_ON
DELAY_BOUND2,F
LOOP2_DELAY_ON
DELAY_BOUNDIF
LOOP3 DELAY_ON

PORTD,SOUND
DELAY ON
PORTD,SOUND

RETURN

DELAY _SEG_ON
MOVLW
MOVWF
LOOP2 DELAY_SEG_ON
MOVLW
MOVWF

" LQOP!_DELAY SEG_ON

DECFSZ
BRA
DECFSZ
BRA
RETURN

DELAY_POWERON N
MOVLW
MOVWF
LOOP3 DELAY_POWERON
MOVLW
MOVWF
LOOP2_DELAY_POWERON
MOVLW
MOVWF
LOOP1_DELAY POWERON
DECFSZ
BRA
DECFSZ
BRA

DECFSZ
BRA
RETURN
DELAY SOUND_ALM
MOVLW
MOVWE
LOOP3_SOUND_ALM
MOVLW
MOVWEF
LOOPZ_SOUND_ALM
MOVLW
MOVWF
LOOP1_SOUND_ALM
DECFSZ
BRA
DECFS?
BRA
DECFSZ
BRA
. RETURN

#++ CHECK SW UP

CHECK_SW_UP DN
MOVLW
CPFSEQ
GOTO
BTFSC
GOTO
COMF
BTFSC
BRA
BTFSS

GOTO
COMF
CLRF
SW_UP OK
BTFSC
RETURN
BTFSS
BRA
CALL
BTFSC
RETURN
BTFSS
BRA
CALL
AUTO_DISP_UP
' MOVLW
MOVWEF
MOVLW
MOVWE
MOVLW
MOVWF

0'os'
DELAY_SEG1

D'on
DELAY_SEG2

DELAY_SEG2F
LOOP|_DELAY_SEG_ON
DELAY SEGIF

LOOP2_DELAY_SEG_ON

Do’
DELAY_PONI

D00’
DELAY_PON2

D'0g’
DELAY_PON3

DELAY_PON3F
LOOPI DELAY POWERON
DELAY PON2,F
LOOP2 DELAY POWERON

DELAY_PONI F
LOOP3_DELAY_POWERON

D04
DELAY_PONi

Doy
DELAY_PON2

D00’
DELAY_PON3

DELAY_PON3F
LOOP] SOUND_ALM
DELAY_PONZF
LOOP2 SOUND_ALM
DELAY_PON1F
LOOP3_SOUND_ALM

D'

CHECK_AUTO
CHECK_AUTO UP_DN
SAMP_SW.,0
CHECK_SW_DN
SAMP_SW.,F
CHECK_UP,0
SW_UP_OK
PORTD.SW_UP

CHECK_AUTO_UP
CHECK_UP,F
CANCLE_UP!

PORTD,SW_UP

PORTD,SW_DN
CANCLE_SW_UP
DELAY ON
PORTD,SW_UP

PORTDLSW_DN
CANCLE_SW_UP
PLAY_SOUND ON

COUNT_AUTOL
COUNT_UPI
COUNT_AUTOH
COUNT_UP2
COUNT AUTOXL
COUNT_UPX!



MOVLW COUNT_AUTOXH BRA  CHECK_AUTO_UPI
MOVWF COUNT_UPX2 DECFSZ COUNT_UPXLF
CLRF  CHECK_UP RETURN

MOVLW WARTEMP_MAX MOVLW COUNT_AUTOXL
CPFSLT TEMP_VAUIL MOVWF COUNT_UPX1
BRA  LIMIT MAX_WARTEMP DECFSZ COUNT_UPX2,F
INCF  TEMP_VAULF RETURN

CALL  DISPLAY_SHOW TEMP COMF  CANCLE_UPLF
MOVFF CHARt_BUFF.CHARI GOTO  AUTO_DISP_UP

MOVFF CHAR2 BUFF,CHAR2

CHECK_AUTO_UP}
CALL  CAL DATA_TO_D2A -

BTFSS PORTD.SW_DN

s

RETURN ; RETURN
CANCLE_SW_UP DECFSZ COUNT_UP1.F
B CLRF  CHECK_UP : RETURN
RETURN MOVLW COUNT_AUTOL
LIMIT_MAX_WARTEMP MOVWE COUNT_UPI
MOVWF TEMP_VAU! DECFSZ COUNT_UPLF
CALL  DISPLAY_SHOW_TEMP RETURN
MOVFF CHARI1_BUFF,CHAR! GOTO  AUTO_DISP_UP
MOVFF CHAR2_BUFF,CHAR2
RETURN CLR_CHECK_AUTO
, CLRF  CHECK_AUTO
#++ CHECK SW DN RETURN

CHECK_SW DN
COMF  SAMP_SW,F
BTFSC CHECK_DN,0

%+ SW DN
CHECK_AUTO DN

BRA  SW_DN_OK MOVLW D02
BTFSS  PORTD,SW DN MOVWF CHECK_AUTO
GOTO  CHECK_AUTO DN BTFSC PORTD,SW_DN
COMF  CHECK DN/F GOTO  CLR_CHECK AUTO
CLRF  CANCLE_DNI BTFSC CANCLE DNI,0
SW DN _OK ' - BRA  CHECK_AUTO DNI
BTFSC  PORTD,SW_DN DECFSZ COUNT_DNXI,F
RETURN RETURN
BTFSS  PORTD,SW UP MOVLW COUNT_AUTOXL
BRA  CANCLE_SW_DN MOVWF COUNT_DNXI
CALL  DELAY_ON DECFSZ COUNT DNX2F
BTFSC  PORTD,SW_DN RETURN
RETURN COMF  CANCLE DNIF
BTFSS  PORTD.SW_UP GOTO  AUTO_DISP_DN

BRA  CANCLE_SW_DN

CHECK_AUTO_DNI
CALL PLAY_SOUND_ON .

BTFSS PORTD,SW_UP

AUTO_DISP_DN : RETURN
MOVLW COUNT_AUTOL DECFSZ COUNT_DNIF
MOVWF COUNT DNI . RETURN
MOVLW COUNT_AUTOH ' MOVLW COUNT_AUTOL
MOVWF . COUNT_DN2 MOVWE COUNT_DNI
MOVLW COUNT AUTOXL DECFSZ COUNT_DN2F
MOVWF COUNT_DNXI RETURN - ..
MOVLW COUNT_AUTOXH .. GOTO-  AUTO_DISP DN

MOVWE COUNT_DNX2

CLRF CHECK_DN DISPLAY_SHOW_TEMP

MOVLW WARTEMP_MIN CLRF COUNT_10

CPFSGT TEMP_VAUL -- = s MOVFE TEMP_VAUI,TEMP_BUFF0

BRA LIMIT_MIN_WARTEMP _ . RECHECK_10

DECF TEMP_VAULF ~ s MOVEF TEMP_BUFF(, TEMP_BUFF1

CALL DISPLAY _SHOW_TEMP ) MOVLW D108

MOVFF CHARI1_BUFF,CHARI ‘ SUBWF TEMP_BUFFO,F

MOVFF CHAR2_BUFF,CHAR2 BTFSS  STATUS.C

CALL CAL_DATA _TO_D2A BRA NUM_FIRST_OK

RETURN ‘ INCF COUNT_IG,F
CANCLE_SW_DN . BRA RECHECK_10

CLRF CHECK_DN NUM_FIRST _OK

RETURN CLRF TBLPTRU
LIMIT_MIN_WARTEMP MOVLW HIGH(SEG_TABLE)

MOVWF TEMP_VAU1 MOVWEF TBLPTRH

CALL - DISPLAY_SHOW_TEMP MOVLW LOW(SEG_TABLE)

MOVFF CHARt_BUFF,CHARI . MOVWF TBLPTRL

MOVFF CHAR2_BUFF.CHAR2 MOVF  COUNT_10,W

RETURN ADDWF TBLPTRL.F

MOVLW D'ed -

;**i!ttt****ﬁlt AUTO MODE R EEEE LS 2 ADDWFC TBLPTRHJ:’
CHECK_AUTO _UP_DN ADDWFC TBLPTRU,F
MOVLW D'OI" TBLRD *
CPFSEQ CHECK_AUTO MOVFF TABLAT.CHARI_BUFF
GOTO  CHECK_AUTO_DN
CLRF TBLPTRU

#*3 SW UP . ’ MOVLW HIGH{SEG_TABLE)
CHECK_AUTO_UP ' MOVWEF TBLPTRH
N MOVLW D'01' MOVLW LOW(SEG_TABLE)
MOVWF CHECK_AUTO MOVWF TBLPTRL
BTFSC  PORTDSW_UP MOVF  TEMP_BUFF1.W
GOTO  CLR_CHECK_AUTO ADDWFE TBLPTRL.F
RTFSC . CANCLE_UP1.0 MOVLW D'00'



ADDWEFC TBLPTRH,F

ADDWFC TBLPTRU,F

TBLRD *

MOVFF TABLAT,CHAR2 BUFF
RETURN

SEG_TABLE

DB HI3F 06 'SR H4F H'66' 6D, HTD HO7 H'TF H'6F'

READ_A2D_FAULT

MOVLW

"CPFSEQ
GOTO
INCF
MOVLW
CALL
MOVFF
RETURN
MOVLW
CPFSGT

JIN
Dot
SAMP_AD
CHECK 10UT
SAMP_ADF
CHANO_IIN
A_TO D READ
ADRESH,IIN_BUFF

1IN_REF
1IN_BUFF
RELOAD_DEL_IIN
DECFSZ DELAY HIN,F
RETURN
BSF
MOVLW
MOVWF
MOVLW
MOVWF
GOTO
RELOAD DEL_ITN
MOVLW
MOVWF
RETURN

PORTD,LED DOT
H39' .C
CHARI1

Ho 1
CHAR2

FAULT_ON

(IN_DEL
DELAY_liN

JOUT

CHECK_IOUT
MOVLW
CPFSEQ
GOTO
INCF
MOVLW
CALL
MOVFF
RETURN
MOVLW
CPFSGT -
BRA
DECFSZ
RETURN
BSF
MOVLW
MOVWF
MOVLW
MOVWF
GOTO

RELOAD DEL_IOUT
MOVLW
MOVWF
RETURN

D02’

SAMP_AD
CHECK_TEMP_SINK
SAMP_ADF
CHAN1_IOUT

A TO D READ
ADRESH,IOUT_BUFF

IOUT_REF
JOUT_BUFF
RELOAD_DEL_IOUT
DELAY_[OUTF

PORTD,LED_DOT
H3y'

CHARI

H5B' 2
CHAR2

FAULT ON

.C

IOUT_DEL
DELAY 10OUT

:TEMP SINK

CHECK_TEMP_SINK
MOVLW
CPFSEQ
GOTO
INCF
MOVLW
CALL
MOVFF
MOVLW
CPFSLT
BRA
DECFSZ
RETURN
BSF
MOVLW
MOVWF
MOVLW
MOVWF
GOTO

RELOAD DEL_TEMPSINK
MOVLW
MOVWF

Doy

SAMP_AD
CHECK_TEMP COIL
SAMP_AD,F
CHANZ_TSINK

A_TO_D _READ
ADRESH,TEMPSINK_BUFF
TSINK_REF
TEMPSINK_BUFF
RELOAD_DEL_TEMPSINK
DELAY_TSINK.F

PORTD,LED_DOT
H'76'

CHAR]

H08' 1
CHARZ

FAULT ON

H

»

TSINK_DEL
DELAY _TSINK

RETURN

:TEMP COIL

CHECK_TEMP COIL
MOVLW
CPFSEQ
GOTO
INCF
MOVLW
CALL
MOVFF
RETURN
MOVLW
CPFSLT
BRA
DECFSZ
RETURN
BSF
MOVLW
MOVWF
MOVLW
MOVWF
GOTO

RELOAD DEL_TEMPCOIL
MOVLW
MOVWF
RETURN

.UNDER VOLTAGE

CHECK_VIN_UNDER
MOVLW
CPFSEQ
GOTO
INCF
MOVLW
CALL
MOVFF
RETURN
MOVLW
CPFSLT
BRA
DECFSZ
RETURN
BSF
MOVLW
MOVWE
MOVLW
MOVWF
GOTO

RELOAD_DEL_VIN_UNDER
MOVLW
MOVWF
RETURN

- :OVER VOLTAGE
_ CHECK_VIN_OVER

MOVLW
CPFSEQ
GOTO
INCF
MOVLW
CALL
MOVFF
RETURN
MOVLW
CPFSLT
BRA
DECFSZ
RETURN
BSF
MOVLW
MOVWF
MOVLW
MOVWF
GOTO

RELOAD DEL_VIN_OVER
MOVLW
MOVWF
RETURN

:WATER TEMP

CHECK_TEMP_WATER
MOVLW
MOVWF

D04

SAMP_AD
CHECK_VIN_UNDER
SAMP_AD,F
CHAN3_TCOIL
A_TO_D_READ

ADRESH, TEMPCOIL_BUFF

TCOIL_REF
TEMPCOIL_BUFF
RELOAD DEL_TEMPCOIL
DELAY TCOIL,F

PORTD,LED_DOT
H'76'

CHAR1

H'sB* 2
CHAR2

FAULT_ON

H

TCOIL_DEL
DELAY_TCOIL

005"

SAMP AD
CHECK_VIN_OVER
SAMP_AD F
CHAN5_VIN
A_TO_D READ
ADRESH,VIN BUFF

VINLO REF

VIN_BUFF
RELOAD_DEL_VIN_UNDER
DELAY VINLOF

PORTD,LED_DOT
H'3E'

CHARI

H3E u
CHAR2

FAULT ON .

U

VINLO DEL
DELAY_VINLO

D06

SAMP_AD
CHECK_TEMP_WATER
SAMP_ADF
CHAN3_VIN

A _TO_D READ
ADRESH,VIN_BUFF

VINHI_REF

VIN_BUFF

RELOAD DEL_VIN_OVER
DELAY_VINHLF

PORTD,LED_DOT
HIF

CHARI

H3E'

CHAR2
FAULT_ON

0

U

VINHI_DEL
DELAY_VINHI

DoT
SAMP_AD



MOVLW

CALL

MOVFF
RETURN
MOVLW
CPFSLT

BRA

DECFSZ
RETURN

BSF

MOVLW
MOVWEF
"TMOVLW
MOVWF

GOTO

CHAN7_TWATER
A_TO_D_READ

ADRESH.TEMPWAT_BUFF

TWAT_REF -
TEMPWAT_BUFF

RELOAD_DEL_WATER_TEMP

DELAY_TWAT.F

PORTD,LED_DOT

H'76' H
CHAR1

H4F' 3
CHAR2

FAULT_ON

RELOAD DEL_WATER_TEMP
MOVLW TWAT_DEL
MOVWF DELAY TWAT

RETURN

st AL ARM FAULT (OC,UV,OV, TEMP)**3*+*

FAULT ON
BSF
BSF
BCF
CLRF
CALL
BSF

CHECK_RES_FAUI
BCF
BCF
CALL
BSF
BSF
CALL
BTFSC
BRA
BTFSS
BRA
COMF

CHECK_SW RESET_OK
BTFSC
BRA
CALL
BTFSC
BRA
CALL
CLRF

MOVLW
MOVWF
MOVLW
MOVWF
RETURN

PORTB,ON_RELAY
PORTB,ON_OPTO
T2CON,TMR20N
CHECK_POLL
RESET_TIMERO
TOCON, TMROON

PORTD.SOLND

" PORTD,LED_FAU

DELAY_SOUND_ALM
PORTD,SOUND
PORTD,LED_FAU
DELAY_SOUND_ALM
CHECK_POLL,0
CHECK_SW_RESET OK
PORTB.SW_RES
CHECK_RES_FAUI
CHECK_POLL.F

PORTB.SW _RES
CHECK_RES_FAUI
DELAY_ON
PORTB,SW_RES
CHECK_RES_FAU!

- PLAY_SCIUND_ON

TOSU
HIGHMAIN_RUN)
TOSH
LOW(MAIN_RUN)
TOSL

erre ALARM FAULT (IGBT)**#4 42

FAU_IGBT_ALM
© BCF
BCF
CALL
BSFK
BSF
BSF
CLRF
CALL
BSF
CHECK_RES_FAL2
BCF
BCF
CALL
BSF
BSF
CALL
BTFSC
BRA
BTFSS
BRA
COMF
CHECK,_SW_RESET_OKI
BTFSC
BRA
CALL
BTFSC
BRA
CALL

TICON,TMRION
INTCON,INTOIE
RESET_TIMERI
INTCON,GIE
INTCON,PEIE
TICON,TMRION
CHECK_POLL
RESET_TIMERO
TOCON, TMROON

PORTD,SOUND
PORTD,LED _FAU
DELAY_SOUND_ALM
PORTD,SOUND
PORTD.LED FAU
DELAY_SOUND_ALM
CHECK_POLL,0
CHECK_ SW_RESET OK1
PORTB,SW_RES
CHECK_RES_FAU2
CHECK_POLL,F

PORTB,SW_RES
CHECK_RES_FAU2
DELAY_ON
PORTB.SW _RES
CHECK_RES_FAL2
PLAY SOUND_ON

;TIMERQC .

GOTO

MAIN_RUN

SEkAXERE A ARN VAVLE EEELLE EE L LS

FAULT_ VALVE_ON

BSF

 MOVLW
MOVWF
MOVLW
MOVWF
BSF
BSF
BCF
CLRF
CALL
BSF
GOTO -

PORTD,LED_DOT
H3E' v
CHARI

H'06' 1
CHAR2
PORTB,ON_RELAY
PORTB,ON_OPTO
T2CON,TMR2ON
CHECK_POLL
RESET_TIMERQ
TOCON, TMROON
CHECK_RES FAU2

apkkakdiis A TO D READ $*#4+eaedasd

A_TO D READ
MOVWE
CALL
) BSF
A_TO_D_LOOP
BTFSC
BRA
. RETURN

R

ADCONG(
DELAY A TO D
ADCON0,GO

ADCONO,GO
A_TO_D_LOOP

-\*#*ttt#ttt!* DELAY ATOD ddk ok Rk xRk RERR

DELAY_A_TO_D
MOVLW
MOVWF
DELAY_A_TO_DI
DECFSZ
BRA
RETURN

PI_CONTROLLER
MOVLW
CALL
MOVFF
MOVLW
CPFSLT
BRA
MOVLW
CPFSGT
BRA
MOVFF
CALL
e RETURN
LIMIT_PL_TO_MAX_MIN
MOVWF
CALL
RETURN

CHECK “TIMER¢
‘ ' BTFSS
GOTO
BCF
MOVLW
CPFSLT
BRA
INCF
BRA
TIME_IS_ONE_MINUTE
CLRF
INCF
MOVLW
CPF3EQ
BRA
BSF
CLRF
MOVLW
MOVWF
MOVLW
MOVWF
BCF
MOVFF
MOVF
RETFIE
EXIT_TIMER{
MOVLW
MOVWE
MOVLW

AD_DEL
DELAY AD

DELAY_AD/F
DELAY A_TO_DI

CHANG P
A_TO D READ

ADRESH P1_BUFF

Pt LIM MAX

Pl BUFF

LIMIT Pl TO_MAX_MIN
PI_LIM MIN

PI_BUFF
LEMIT_PIL_TO_MAX_MIN
PI_BUFF,PR2_BUFFX
CAL_DUTYCYCLE

PR2_BUFFX
CAL_DUTYCYCLE

INTCON, TMROIF
CHECK_TIMER3
TOCON, TMROON

D59

SECOUND
TIME_IS_ONE_MINUTE
SECOUND,F
EXIT_TIMERO

SECOUND
MINUTE,F
DELAY_FAN OFF
MINUTE

EXIT TIMER(®
PORTE,ON_FAN
MINUTE

HA4

TMROH

H72'

TMROL

INTCON, TMROIF
STATUS_REGO,STATUS
W_REGO,W

H'A4'
TMROH
H'72'



MOVWF TMROL CLRF TBLPTRU

BCF INTCON, TMROIF MOVLW HIGH{TEMP_TABLE)
BSF TOCON,TMROON MOVWF TBLPTRH
MOVFF STATUS_REGO,STATUS MOVLW LOW({TEMP_TABLE)}
MOVF  W_REGOW MOVWFE TBLPTRL
RETFIE 'MOVF  D2A_BUFF,W
: ADDWF TBLPTRL,F
"TIMER3 MOVLW D00
CHECK_TIMER3 ADDWFC TBLPTRH,F
BTFSS  PIR2,TMR3IF ADDWFC TBLPTRU,F
RETFIE TBLRD *
BCF T3CON,TMR3ION MOVFF TABLAT,D2A_BUFF
"MOVLW DELAY_BLINK SWAPF D2A_BUFEF
CPFSEQ COUNT_TIM3 ' MOVFF D2A_BUFF.DATA_D2A1_BUFF
BRA INCREASE_TIMER3 MOVFF D2A_BUFF.DATA_D2A2_BUFF
CLRF COUNT_TIM3 MOVLW B'0000E1TE
BTFSC SAMP_TIM3,0 ANDWF DATA_D2A1_BUFF.F
BRA SAMP_NO2_TIM3 MOVLW B'11E10000'
COMF  SAMP_TIM3,F ANDWF DATA_D2A2 BUFF,F
BTFSC  BIT_SHOW.,0 MOVFF DATA_D2A1_BUFF.DATA_D2A1
BRA SHOW _LED_FAU_BLINKI MOVFF DATA_D2A2_BUFF.DATA_D2A2
BSF PORTD.LED_DOT RETURN
BRA EEXIT_TIMER3
INCREASE_TIMER3 TEMP_TABLE ;32 33 34 33 36 37 38 a0
INCF COUNT_TIM3F DB H'8F,H'S1" H94" H'97' H9B' H'OE' H'Al' H A4
‘ BRA EEXIT_TIMER3 40 4 42 43 44 45 46 47 48
SAMP_NO2_TiM3 DB HA7? HAA HAC HAF,HB2 ,HBS HBS HBB' HBE'
COMF  SAMP_TIM3F
BTFSC  BIT_SHOW.,0 BTFSS  PIR1,TMRZIF
BRA SHOW_LED_FAU_BLINK2 GOTO  IGBT_FAULT
BCF PORTD.LED_DOT MOVFF DUTYL._BUFF.ECCP1CON
EEXIT_TIMER3 MOVFF DUTYH_BUFF.ECCPRIL
MOVLW HeDy MOVFF PR2_BUFF PR2
MOVWF TMR3H BCF PIRI,TMR2IF
MOVLW H'84 RETFIE
MOVWF TMR3IL
BCF PIR2, TMR3IF [GBT_FAULT.
BSF T3CON,TMR30ON BTFSS  INTCON,INTOIF
MOVFF  STATUS_REGO,STATUS RETFIE
MOVF  W_REGOW BSF PORTD.LED _DOT
RETFIiE .. MOVLW H739 C
MOVWF CHARL
SHOW LED_FAU BLINKI MOVLW H4F 3
BCF PORTD,LED_FAU MOVWF CHAR2
BRA EEXIT_TIMER3 . BSF PORTB,ON_RELAY
SHOW LED FAU BLINK2 BSF PORTB,ON_OPTO
BSF - PORTD,LED _FAU BCF T2CON, TMR2ON
BRA EEXIT_TIMER3 BCF INTCON INTOF
Jherkins s s WRITE DATA TO EEPROM #¥#¥+rstixs MOVF  PORTB,W
WR _TEMP _TO _EEP ...~ .CLRF TOSU
MOVLW TEMP_EE_ADDR ) MOVLW HIGH (FAU_IGBT_ALM}
MOVWF EEADR MOVWF TOSH
MOVFF TEMP _VAULEEDATA 5 . MOVLW LOW (FAU_IGBT_ALM)
BCF EECONLEEPGD o MOYWE TOSL

BCF EECONL.CFGS RETFIE
ASF EECONL WREN e
MOVWF W_REGO

MOVLW H's5' MOVFF  STATUS.STATUS_REGO
MOVWF EECON2 BTFSS  PIRI,TMRIIF
MOVLW HAA' GOTC  CHECK_TIMER(
MOVWF EECON2 BCF TICON.TMRION
BSF EECONI,WR " BSF . PORTC,SEGI
CHK_EEP_WR_AGAIN] BSF PORTC,SEG2
BTFSC EECONLWR
GOTO  CHK_EEP_WR_AGAINI : DECFSZ COUNT_SER.F
BCF EECONI,WREN BRA  NO_SEND_SER
RETURN CLRF ~ COUNT _SER
MOVFF TEMPSINK_BUFF,TXREG
;estxawser READ DATA FROM EEPROM #*####sasans RETRANS
RD_TEMP_FROM_EEP BTFSS  TXSTA,TRMT
MOVLW TEMP_EE_ADDR GOTO  RETRANS
MOVWF EEADR NO_SEND_SER :
BCF  EECONI,EEPGD CALL  SEND_DATA D2A
BCF  EECONI,CFGS BTFSC  SAMP_DISP,0
BSF EECONIRD BRA  SAMP_DISP_2
MOVE  EEDATA,W COMF  SAMP DISP.F
MOVWF TEMP_VAUL MOVFF CHARI,DISP_BUFF
RETURN CALL  SEND_DATA_TSEG_LED
; CALL  SEND_DATA_D2A
CAL_DATA_TO_D2A BCF  PORTC SEGI
MOVFF TEMP_VAUI,D2A_BUFF CALL  DELAY SEG_ON
MOVLW WARTEMP_MIN BSF PORTC,SEG!

SUBWF D2A_BUFFF GOTO  EXIT_SEGMENT_INTR



SAMP_DISP 2
COMF  SAMP_DISPF
MOVFF CHAR2.DISP_BUFF
CALL  SEND_DATA_7SEG_LED
CALL  SEND _DATA _D2A
BCF PORTC,SEG2
CALL  DELAY_SEG_ON
BSF PORTC,SEG2

EXIT_SEGMENT_INTR

MOVLW TMRIH_V

MOVWF TMRIH

"MOVLW TMRIL_V

* MOVWF TMRIL

BCF PIR1,TMRIIF

BSF TICON,TMRION
MOVEE STATUS_REGO,STATUS
MOVF W REGO,W

RETEIE
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sEMIKRON

e gy j
[Absolute Maximum Ratings Values SEMITRANS® M
Symbol |Conditions units|  Superfast NPT-IGBT
Vees 600 \Y; Modules
Veer Rge = 20 kQ 600 Y
Ic Tease = 2570 °C 200/ 150 A SKM 150 GB 063 D
fom Tease = 25/70 °Citp=1ms 400 / 300 A
Vees +20 v
Phot per IGBT, Traze = 25°C 675 W
Tj: Tslg ~40 ... +150 (125) °C
Vieot AC, 1 min. 2500 \Y) -
humidity |DIN 40040 Ciass F
climate |DINIECEBT.1 40/125/56
Inverse Dinde
IF=~lg [Tcase = 25/80 °C 130/ 60 A
Yem = —lom | Tease = 25080 °C; o= 1 ms 400/ 300 A :
lFsm t, = 10 ms; sin; Tj= 150 °C 880 A o .
2 t, = 10 ms; Ty = 150 °C 3800 AZs jM'TRANS 3.
Characteristics
Symbol|Conditions " min. _ typ.  max. |Units] J
Vigryces [Vee = 0, le=4 mA 2= Vies - - v
Veepy  |Vae = Vee, o= 1mA 4,5 55 6,5 Y GB
lces Vee=0 }T,' = 25°C - 0,2 4 mA
Ve = Vees JTj=125°C - 5 - mA Features
L‘fES :’GE 1:0200:’ V\?E = 015 v . - : 8(—2 0 200 “\‘j‘ « Nchannel, homogeneous Silicon
CEsat  |C7 GE= ’ - O, - structure (NPT- Non punch-
Voesn  |lo= 150 A {T, = 25 (125) °C j\' ~ 21(24) 2528 | V i (NPT- Non punch
ars Vee =20V, lg = 150 A 50 - - S through IGBT)
— ’ — - Low tail current with low
g?”c DEUGIETO - 8 4“0 0 790 pg temperature dependence
o }VGE ey " 1000 B ol + High short circuit capability, seif
o o1 MHz B 600 ~ EF limiting if term. G is clamped to E
res -
Lee - - 20 nH » Pos. temp.-coeff. of Veesat
PO e — - 50 % less turn off losses ¥
e Vo= 300V - 130 B ns - 30 % less short circuit current %
& Ve =~15 V/ +15 V9 ~ 65 - ns o 1e8s Short clrcit carren
taory e = 150 A, ind. load - 450 - ns » Very low Cies, Coes, Gres
t Raon = Reon = 10 £2 - 40 - ns » Latch-up free 7
Eon T,=125°C" - 85 _ mWs + Fast & soft inverse CAL diodes 8
Eorr - 5,5 - ms « Isolated copper baseplate using
Inverse Diode 8 DCB birect Copper Bonding
Vi = Ve |le = 100 A {VGE =0V: } ~ 1,45(1.35) 17 v Technology without hard mould
le=150 A | Tj=25(125)°C -~ 155(155) 19 v + Large clearance (13 mmj and
V1o Tj=125°C - - 0.9 v creepage distances (20 mm)
n Tj=125°C — 5 ) mQ Typical Applications
I Ir = 150 A; Tj= 125 °C? - 53 - A - Switching (not for linear use}
LMO AT, = 126 °C7 - 81 - ue « Switched mode power supplies
Thermal characteristics . UPS
Ripje per IGBT - - 0,18 | °C/W - AC inverter servo drives
Rnje per diode - - 0.5 "CAW + Pulse frequencies also above
Rihcn per module - - 0,038 “CW 10 kHz
» Welding inverters
D Tease = 25 °C, unless otherwise
specified
De=—tc, VR=300V,
—dir/dt = 1500 Alus, Vee =0V
3) Use Vgeen = ~5... 18V
8 CAL = Controlled Axial Lifetime
Technology
9 Compared to PT-IGBT
Cases and mech.data > B 6-38
© by SEMIKRON 0898 B6-33
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Fig. 1 Rated power dissipation Pt = f (Tc)
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M150CGB06.X15-3

® T;= 125 °C
mWa Vee =300V
25 Vee=+15V
L e = 150 A
» |
10 //
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E
. /// off
E
o
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Q

Fig. 3 Turn-on /-off energy = f (Re)

25

M1500B05.X15-5

M150CBO6.XL5-2

35

Tj=125 °C
™ || Vee=300V
» Vege=+15V
/ Re=100Q
25 /
20 /, Eq
15
74
10 L~ / /
// Eoft
5 —_
E
o
g 50 100 150 200 250 300 , 350
o A
Fig. 2 Tumn-on /-off energy = f {Ic)
1000 M1500E06X15-4
FEFE 1 puse
A 1 r tp=10ps Ti :II-_C<_12550 aCc:
AN > ™ : i i= :
/ A \\ ) \\
100 ol
Fi \\ -
/ N 1 \
! \\
10 \ \\ ) 1ms
N
\ 1
. 1oms Not for
1 N u I I linear use
Tovee ¥ 100 1000 V10000

Fig. 4 Maximum safe operating area (SOA) Ic = f (Vce)

M150GBO6.XLS-6

Tj<150°C " Tj<150°C
V=215V Vee=215V
Reoff = 100 10 156510 Hs
2 lc=150 A L <50nH
_ di/di= 500 Afps — 1 le=150 A
a {1400 Afps———1]
1,5 2500 Alps ~L]
6
1 altowed numbers of
4 short circuits: <1000
05 time between short
’ 2 circuils: >1s
lopusilc lese/le ‘ !
0 . 0
O 100 200 300 400 500 600 70O O 100 200 300 400 500 600 700
Vee v Ve \
Fig. 5 Tum-off safe operating area (RBSOA) Fig. 6 Safe operating area at short circuit ic = {Vce)
B6-34 0898 © by SEMIKRON
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M 150GBOEXLS-S

v

Fig. 9 Typ. output characteristic, , = 250 ps; Tj=25°C

Peondg) = VeEsat( * lee
Veesaty = Veeroym) + Teeriy o
Vegroymy £ 1.2 - 0,001 (T;-25) [V]

typ.: teeqmy = 0,008 + 0,000027 (T; =25} [€2]
max.. fegmy = 0,0087 + 0,000027 (T;-25) (€2
valid for Vee = + 15 2 VI lc 203 lea

Fig. 11 Saturation characteristic (IGBT)
Calculation elements and equations.
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Fig. 8 Rated current vs. temperature le=1(Tc)
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Fig. 10 Typ. output characteristic, tp = 250 ps; }=125°C

Fig. 12 Typ. transfer characteristic, tp = 250 ps; Veg = 20V

© by SEMIKRON
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MISOCBOEXLS-13

M1500BDEXL5-14

v @ // lopus = 150 A To0 = VEE =0V
18 7 nF : — f=1MHz
© ] 100V //(

I O 300V __|
. .k
12 L . =
0] /
8 e ]
6 7 B
4 ]
Cres -
Vee ’7* | ©
AR y
0 gy 1@ 2O 300 400 o 500 0 yg 0 2 , ®

Zig. 13 Typ. gate charge characteristic

MI50GBOB.XLS-15

1000 T

Fig. 14 Typ. capacitances vs.Vce

M150GBOG XL5-16
10000

— ———— T;=125°C ‘ = Tj=125°C
T — 1 Veg =300V — —1 Vee= 00V
s T . Vge=+15V s Vee =215V
I L o RGun =10 Q 1 lc= 150 A
Reorr= 10 1000 /fd"" induct. load
1 T ] induct. load = —
____,____d—-————‘ don — ]
100 S s S Mt -1 [ P
o - = S : \ / | — 1 7
g e e R =
I i
t 1 ]
0 ‘ 10 ' |

0 50 100 150 200 250 300 390
Ic ' : A

Fig. 15 Typ. switching iirhes vs. I¢

' . M150GHO06XLS-17
160 -
SRR /l/
120 T //
e L]

i H

T=25C, typ. —__| 7 /
8o [ YPro~— ||

T,=125°C. max. | 77 /

fe——d

T=25°C, miax. | / /
40 /_ -
e / / /

1
0
o 0,4 0,8 1,2 1.6 2
VE v

Fig. 17 Typ. CAL diode forward characteristic
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Fig. 16 Typ. switching times vs. gate resistor R
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Fig. 18 Diode turn-off energy dissipation per pulse
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SKM 150 GB 063 D

SEMITRANS 3
' M6
; Case D 56 2 8x0.5
L _.
" UL Recognized .
- . 28 28 20
| File no. € 63 532 - -
= 1 JLLL/ Mo
| 1| 2
Qg l l - ? 8
0 : | =
4 ¥
225 B, 22 6 225
16 6.4
' - ] : 1 i2 3 :
- — 7 o— .
1o 2 3 ST 1 A [
L
Bt & —_ js b g = '_:_r"@“" '&3" '“i@“' 5[& 1
— g : + b ol
: o1 ‘ !
)
& l )
93
106.4
“Dimensions in-mm
Case outline and circuit diagram
_ : T Mate This is an electrostatic discharge .
Mechanical Data | sensitive device (ESDS).
Symbol |Conditlons Values Units] Please observe the international
' _ “.min. typ. max. standard IEC 747-1, Chapter IX.
My to heatsink, 81 Units(ME&) 3 - 5 Nm | Three devices are supplied in one
) to heatsink, US Units . 27 - 44 Ib.in. SEMIBOX A without mounting hard-
M_z_ for terminals, 3] UnltS(MG} 2,5 - 5 Nm ware, wh":h can be ordered Separa_
) for terminals, US Units 22 - 44 |b.in2. tely under Ident No. 33321 100
2 - - 5.;%-581 m/s® | (for 10 SEMITRANS 3) |
g Larger packing units of 12 or 20 pie-
ces are used if suitable
Accessories > B6-4
SEMIBOX — C- 1.
B6-38 0898 ® by SEMIKRON
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VISHAY

4AN25/ 4N26/ 4N27/ 4AN28

" Vishay Semiconductors |

Optocoupler, Phototransistor Output, With Base Connection

Features

+ Isolation Test Voltage 5300 Vrus

« Interfaces with Common Logic Families

« Input-output Coupling Capacitance < 0.5pF
« Industry Standard Dual-in-line 6-pin Package

Agency Approvals
« UL File #E52744 System Code Hor J

+ DIN EN 60747-5-2(VDE0884) -
DIN EN 60747-5-5 pending
Available with Option 1

Applications

AC Mains Detection

Reed relay driving

Switch Mode Power Supply Feedback

Telephone Ring Detection

Logic Ground Isolation

Logic Coupling with High Frequency Noise Rejection

Description

The 4N25 family is an Industry Standard Single Chan-
nel Phototransistor Coupler.This family includes the
4N25/ 4N26/ 4AN27/ 4N28. Each optocoupler consists
of gallium arsenide infrared LED and a silicon NPN
phototransistor.

These c‘oupiérs are Underwriters Laboratories (UL}
fisted to comply with a 5300 Vpyg Isolation test volt-
age. This isolation performance is accomplished
through special Vishay manufacturing process.
Compliance to DINEN 60747-5-2(VDE0884)/ DIN EN
80747-5-5 pending partial discharge isolation specifi-
cation is available by ordering optioni.

These isolation processes and the Vishay 1509001 '

quality program results in the highest isolation perfor-
mance available for a commercial plastic phototrans-
istor optocoupler.

A 1.} EB
c [z} B
N EY L A ]E

The devices are also available in lead formed config-
uration suitable for surface mounting and are avail-
able either on tape and reel, or in standard tube
shipping containers. :

Note:

For additional design information ‘see Application
Note 45 Normalized Curves

Order information

4N25 CTR > 20 %, DIP

-6

4N26 CTR > 20 %, DIP-6

4N27 CTR > 10 %, DIP-6

4N28B CTR > 10 %, DIP-6

4N25-X006 GTR > 20 %, DIP-6 400 mil {option &)
4N25-X007 CTR > 20 %, SMD-6 {option 7)
4N25-X009 CTR > 20 %, SMD-6 {option 8}
4N26-X006 GTR > 20 %, DIP-G 400 mil {option 6)
4N26-X007 CTR > 20 %, SMD-6 (option 7)
4N26-X008 CTR > 20 %, SMD-6 (option 9)
AN27-X007 CTR > 10 %, SMD-6 {option 7)
4N27-X009 CTR > 10 %, SMD-6 (option 9)
4N28-X009 CTR > 10 %, SMD-6 (option 9)

For additional information on the available options refer to
Option tnformation.

Document Number 83725
Rev. 1.3, 16-Apr-04

" www.vishay.com
1



4N25/ 4N26/ 4AN27/ 4N28

Vishay Semiconductors

Absolute Maximum Ratings

Tamb = 26 °C, unless otherwise specified

Stresses in excess of the absolute Maximum Ratings ¢
not implied at these or any other conditions in excess of those given in the operational sections of

Maximum Rating for extended periods of the time can adversely affect reliability.

an cause permane

nt damage to the device. Functional operation of the device is
this document. Exposure to absolute

input
Reverse voltage VR 6.0 \
Forward current [ 60 mA
Surge cuirent t<10yps Irsm 2.5 A
Power dissipation Pyiss 100 mw

Emitter-base breakdown voltage Vepo 7.0 v
Collector current te: 50 mA
Collector currrent t<1.0ms e 100 mA
Power dissipation P giss 150 mwW
Coupler

www.vishay.com
2

Isolation test voltage Viso & "5300
Creepage 27.0 mm
Clearance =27.0 mm
isolation thickness belween 204 mm
emitier and detector
Comparative tracking index . DIN IEC 112/VDEQ303, part 1 175
Isolation resistance Vig =500 V, Tymp =25 °C Rio 1012 Q
Vi = 500 V, Ty = 100 °C Rio 10M1 Q
Storage temperature o Tag . - - 5510 + 150 °C
Operating temperature Tamb -55t0+ 100 °C
Junction temperature T 100 *C
Soldering temperature max.10 s, dip soldering: Tag 260 C
distance to seating plane
z 1.5 mm
Document Number 83725

Rev. 1.3, 16-Apr-04



AN25/ AN26/ 4AN27/ AN28

Vishay Semiconductors

N A
VISHAY

Electrical Characteristics

Tamp = 25 °C, unless otherwise specified

Minimurn and maximum values are testing requirements, Typical values are characteristics of the device and are the resull of engineering
evaluation. Typical values are for information only and are not part of the testing requirements. '

Reverse current?) Vr=3.0V ' . 0.1 100 pA
Capacitance i Vp=0V Co 25 pF

1) Indicates JEDEC registered values

Output

Collector-base breakdown Ig = 100 pA ' BVceo 70 v
voltage™
Collector-emitter breakdown le=1.0mA BVceo 30 v
voitage”
Emitter-collector breakdown lg = 100 pA BVEco 7.0 v
Voltageu '
lCEO(dafk)t) . Ve = 10V, {base open} 4N25 5.0 50 nA
4N26 5.0 50 nA
4N27 5.0 50 nA
_ 4N28 10 100 nA
ICBO(dark)” Vg = 10V, (emitter open) 2.0 20 nA
Collector-emitter capacitance Ve =0 Cece 6.0 pF

" indicates JEDEC registered values

Isolation voltage' Peak, 60 Hz . )
- 4N26 Vio {. 1500 v
4N27 Vig 1500 v
4N28 Vig 500 Vv
| Saturation voltage, collector- lce=2.0mA, {r =50 mA VCE(san 0.5 \'
emitter
Resistance, input output® Vig=500V Rio 100 GQ
Capacitance (input-output) = 1.0 MHz Cio 0.5 pF
1) indicates JEDEC registered values
atio
L esiepmatod - 0 PaR L Siinol Sl M e
Voe= 10V, I = 10 mA 4N25 | CTRApg 20 "~ 50 %
4N26 | CTRpg 20 50 %
4N27 CTRpg 10 3¢ %
4N28 CTRpc 10 30 %
Y indicates JEDEC registered valua
Document Number 83725 www.vishay.com

Rev, 1.3, 16-Apr-04 3



AN25/ 4N26/ 4N27/ 4N28

Vishay Semiconductors

Switching C
Rise and fall times

haracteristics

2

zr) TSR, byt E e et A 5
Veg=10V, lp=10mA, R = 100 2

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

.14
1.3
> | TA=—55°C
é! 12 )
g Ta=25C
5 11 A
> L
h=
5 10
£
LE 09 TA=85°C
08
0_? SRS WE ] Ll L 0L L1111
A 1 10 100
Ig - Forward Current - mA
Hn2iel

Fig. 1 Forward Voltage vs. Forward Current

15

Normmalized to: I
Vee=10V, IF=10 mA, Ta=25°C
CTRee(sal) Vee=04 V

—
o

Ta=25°C

. / —— NCTR(SAT)

—<0—— | NCTR

NCTR - Normlized CTR
=}
(4]

0.0 e
[ 1 10 100

i - LED Current - mA

an¥s 02

Fig. 2 Normalized Non-Saturated and Saturated CTR vs. LED
Current =

NCTR - Normalized CTR

15 =

. Normalized to: |

l Vee=10 V, Ip=t0 mA, TA=25°C

- CTRce(sat) Voa=0.4 V
1.0

[ Ta=50°C
0.5 5

[ NCTR(SAT)
NCTR

00 [ A R e L L L L 1 [EE T

A 1 10 100

{g- LED Current - mA
CLF-Xic]

Fig. 3 Normalized Non-saturated and Saturated CTR vs. LED

Current
1.5
L Normalized to: |
T [ vee=10V, IF=10 mA, Ta=25"C
la L CTReelsat) Voo=0.4 V /
T 10
N L
= | Ta=70G
E
= A
Z -
* 05
i
= - b
o I —0—| NCTR(SAT}
Z 3 n/ —o— NCTR
00 1 Lt 1 L ta) L Ll Ll L I bedesd-adidel
1 ] . 10 - 1oo

|p- LED Current -mA .~ -

s M

Fig. 4 Normalized Non-saturated and saturated CTR vs. LED
Current

www.vishay.com
4

Document Number 83725
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4N25/ AN26/ 4N27/ AN28

-
VISHAY

P'ackage Dimensions in Inches (mm)

Vishay Semiconductors

ABAEE pin one 1D
! /
.2;3 6.30% ! - ' ,
256 (6.50 D
LL‘&J 5] 6 1SO Method A
335 (8.50) |
343 (B.70)
039_, . 048(0.45) -—1—L-'3°‘:y 762
(1@0} 022 (055) } p.
n- T 130 (3.30)
. T 4 A50(381) i
g — 18°
typ. ™ \‘ t \/ 114 (2.90)
031 (0.80) min. 5o o2 130 (3.0)
010(.25 :
|l 031 (0.0 * {Iyp?"““' !
.01 8 (0.45)_-_ . bl 035 (0 go)
022 {0.55) L : 300347
) 1100 {2.54) typ. {7.62-8.81)
1768004
Option 6 Option 7 Option 9
407 (10.28) 00 (7.62) 375 (9.53
* 381 (9.96) TYP — 395 ((10.0:;}
307(78)__,
201 (7.4} 300 (7.62) )
i
028 {0.7} Ul *
MM, 1804.8)
| A 1 )\Jfﬂt_ﬂ) 0040{.102)
----- 0098 {249 , 021 )
“TF. s ( 3 : ' E(auwp' _
014{035} MIN. T [ le-o20t5 |} ¥
014 {p. ~— 331 (8.4 — 040 {1.02). -
TR MIE\J.} ' _.315(8.00) 157 mex.
- ADO[10.18) < min '
430 (10.92) b 408 (103} - s
Document Number 83725 www.vishay.com

Rev. 1.3, 16-Apr-04
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Agilent Technologies
.. Innovating the HP Way

2.0 Amp Gate Drive Optocoupler
with Integrated (Vcg) Desaturation .
Detection and Fault Status

Feedback

Technical Data

Featlires

*» Drive IGBTs up to

Ic = 150 A, Vg = 1200V
* Optically Isolated, FAULT

Status Feedback

* 50-16 Package
+* CMOS/TTL Compatible
« 500 ns Max, Switching

+ “Soft” IGBT Turn-off
* Integrated Fail-Safe IGBT

Protection

- Desat (Vcg) Detection

— Under Voltage Lock-Out
Protection (UVLO) with
Hysterisis

* User Confignrable:

HCPL-316J

» Wide Operating Vo Range:
15 to 30 Volts

s -40°C to +100°C Operating
Temperature Range

+ 15 kV/us Min. Cormmon Mode
Rejection (CMR) at
Yem = 1500V

+ Regulatory Approvals: UL,

Speeds . Inverting, Non-inverting, CSA, VDE 0884 (891 Vpeak
Auto-Reset, Auto-Shutdown Working Voltage)
‘Fault Protected IGBT Gate Drive
+HY -
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Agilent’s 2.0 Amp Gate Drive Optocoupler with Integrated Desaturation (Vce) Detection and Fault Status
Fecdback makes IGBT Veg fault protection compuact, affordable, and easy-to-implement while

" satisfying worldwide safety and regulatory requirements.

CAUTION: It is advised that normal static pre

cautions be taken in handling end assembly of this component

prevent damage and/or degradation which may be induced by ESD.




Typical Fault Protected
IGBT Gate Drive Circuit
The HCPL-316J is an easy-to-use,
_ intelligent gate driver which
makes IGBT Vcg fault protection
compact, affordable, and easy-to-
implement. Features such as user

configurable inputs, integrated
Veg detection, under voltage
lockout (UVLO), “soft” IGBT
turn-off and isolated fault feed-
back provide maximum design
flexibility and circuit protection.
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+ THESE COMPONENTS ARE ONLY REQUIRED WHEN NEGATIVE GATE ORIVE IS IMPLEMENTED. —-ve

Figure 1. Typical Desaturation Protected Gate Drive Cireunit, Non-Inverting.

Description of Operation

during Fault Condition

1. DESAT terminal mnonitors the
IGBT Vg voltage through
DpEsat- -

2. When the voltage on the
DESAT terminal exceeds
7 volts, the IGBT gate voltage
(VouT) is slowly lowered.

3. FAULT output goes low,
notifying the microcontroller

- of the fault condition.

" 4. Microcontroller takes

appropriate action.

Output Control

The outputs (Vour and FAULT).
of the HCPL-316J are controlled
by the combination of Vix, UVLO
and a detected IGBT Desat
condition, As indicated in the
below table, the HCPL-316J can

be configured as inverting or
non-inverting using the ViN+ or
V|n. inputs respectively. When an
inverting configuration is desired,
Vin+ must be held high and Vin-
toggled. When a non-inverting
configuration is desired, Vin-
must be held low and Vin+
toggled. Once UVLO is not active
(Veez - Ve > Vuvno), Voutis

DESAT (pin 14) detection feature
of the HCPL-316J will be the
primary source of IGBT protection.
UVLO is needed to ensure DESAT
Is functional. Once VyyLo+ > 11 .6
V, DESAT will remain functional
until Vyvi,o- < 12.4 V. Thus, the
DESAT detection and UYLO
features of the HCPL-316J work in
conjunction to ensure constant

allowed to go high; and the IGBT protection.
UVLO Desat Condition Pin 6
Vin+ | Vin. | (Voiz - VE) Detected on (FAULT) | Vout
Pin 14 Output .
X X Active X X Low
X X X Yes Low Low
Low X X X X Low
X | High X X X Low




' Packagé Pin Out

L] vims ve [1€] "
(2} vm ViED2+ E
=] vee pesat [1a]
[a] anen _ Vecz [13]
[5] mese ve [z}
[e] FruCy vour |17]
(71 vieore vee |10]
II VLEM- VEE __ﬂ
Pin Descriptions 7
Symbol Description Symbol Deseription
Vive | Non-inverting pgate drive voltage output Ve Common (IGBT emitter} output supply
(VouT) conirol input. i voltage. ' .
Vin. | Inverting gate drive voltape output Viepz+ | LED 2 anode. This pin must be teft uncon-
(VouT) control input. nected for guaranteed data sheet
' performance. (For optical coupling testing
ondy)
Veer | Positive input supply voltage. (4.5 Vio 5.5V} [ DESAT | Desaturation voltage input. When the voltage
o on DESAT exceeds an internal reference
voltage of 7 V while the IGBT is on, FAULT
output is changed from a high impedance
state to a logic low state within 5 \s. See
- . Note 25.

GND1 | Input Ground. Vecz | Positive output supply voltage.

RESET | FAULT reset input. A logic low input for at Yc Collector of output pufl-up triple-darlington
feast 0.1 ps, asynchronously resets FAULT transistor. It is connected to Vegz directly or
output high and enables Vin. Synchronous | through a resistor to limit ocutput turn-on
control of RESET relative to VN is reguired. current. :

RESET is not affected by UVLO. Asserting
RESET while Vour is high does not affect
Your.

" FAULT | Fault output. FAULT changes from a high VouT | Gate drive voltage output.
impedance state to a logic low output within o .
5 us of the voltage on the DESAT pin .
exceeding an internal reference voktage of
7 V. FAULT output remains low until RESET
is brought low. FAULT output is an-open
coliector which allows the FAULT outputs
from all HCPL-316Js in a circuit
to be connected topether in a “wired OR”
forming a single fault bus for interfacing
directly to the micro-controller.

Vigpi+ | LED 1 anode. This pin must be left uncon- VEE Output supply voltage.
nected for guaranteed data sheet per-
formance. (For optical coupling testing only)

ViepL | LED 1 cathode. This pin must be connected
to ground. i




Ordering Information
Specify Part Number followed by Option Number (if desired).

Example: HCPL-316J#XXX

No Option = 16-Lead, Surface Mt. package, 45 per tube.
500 = Tape and Reel Packaging Option, 85(_) per reel.

' Option data sheets available. Contact Agilent sales representative, authorized distributor, or visit our WEB
site at www.hp.com/go/isolator.

0.018 0.050
. (0.457) _'l T (1270
Package Outline Drawings 15 ﬁs 14 ﬁ 1Hz ﬁ ﬁ ﬁ
16-Lead Surface Mount TYPE NUMBER
- . - . DATE CODE
dimensions in:  inches
(millimeters) asteg «—
vrww 1 0295:0010
(7.493 = 0.254)
" NOTE: 123 45678
INITIAL AND CONTINUED VARIATION IN THE e 0.406£0.10
COLOR OF THE HCPL-316)"s WHITE MOLD {10.312 2 0.253) 0.345 £ 0.010
. COMPOUND I3 NORMAL AND DOES NOT AFFECT 9° (8986 = 0.254) ?{I;LB:EADS
'DEVICE PERFORMANCE OR RELIABILITY. i o ) o PEANAR
. - ‘ + 0.002

4_| 0.018 0,138 2 0.005
(0.457} (3.505 2 0.127) n 008 + 0.003
' 0.025 MIN. {0.203 2 0.076)
0.408 + 0.040 STANDOFF

{10.160 x 0.254)
Package Characteristics

Al specifications and figures are at the nominal (typical} operatmg conditions of Vccy = 5 V, Vocz - VBE =
30V, Vg - Veg = 0V, and Tp = +25°C.

Parameter Symbol | Min, | Typ. |Max.|Units Test Conditions Note
Input-Output Momentary Viso 3750 Vrms RH < 50%,t = I min,, | 1, 2,
Withstand Voltage _ - | Ty = 25°C 3
Resistance (Input - Output) Rio >109 Q | Vi.o = 500 vde 3
Capacitance (Input - Output) - Cro 1.3 |. pF jf=1MHz
Output IC-to-Pins 9 &10 800-10 30 *C/W | Ta-= 100°C
Thermal Resistance - g
Input IC-to-Pin 4 Thermal Resistance 014 60

Maximum Solder Reflow Temperature Profile

260
240 E-
220
200
180
160
140
120
100
80
60
40
20
0

AN |
A~ N\ AT = 145°C, 1°C/SEC
AT = 115°C, 0.3°C/SEC N,

TEMPERATURE - °C

/
~ Jle— AT = 100°C, 1.5°C/SEC
/

L0 A3 LU B L2 LA AN REL) AR LLUELR LIX
g
-

| IO T A A [

1] 1 2 3 4 5 ] 7 8 9 o 11 12
TIME - MINUTES

{NOTE: USE OF NON-CHLORINE ACTIVATED FLUXES IS RECOMMENDED.)




Electrical Specifications (DC)
Unless otherwise noted, all typical values at T = 25°C,Vocy = 5V, and Voo - VEg =30V, Vg - VEg = 0 V;
all Minimum/Maximum specifications are at Recommended Operating Conditions.

DESAT Threshold

7.0

Parameter Symbol Min, Typ. Max. Units| Test Conditlons Fig. | Note '
Logic Low Input - VIN+L; YIN-L» 0.8 A" )
Voltages VRESETL
Logic High Input Vin+, Vinw, | 2.0
Voltages ' VRESETH :
Logic Low Input I+, [IN-Ls -0.5 -0.4 mi | Vin=04V
Currents IRESETL )
FAULT Logic Low IFAULTL 5.0 12 VrauLr = 0.4V 30
Qutput Current
FAULT Logic High IFAULTH -40 HA | Veavrr = Yoo 31
Cutput Carrent _
High Level Output lon .0.5 .16 A | Your=Vecz-4V  |3,8,| 7
Current : 2.0 Vour = Veee- 16V 32 5
Low Level Output oL 05 2.3 Vour =Veg + 2.5V (4,9, 7
Current 2.0 Vour=Veg + 15V |33 | 5
Low Level OQutput loLr 90 160 230 mA | Vour-Veg=14V 5,34} 8
Current during Fault
Condition
High Level Output VYou Vo-36 | ¥-256 Ve-156 v Igut = -100 maA 6, 8, (9, 10,
Voltage Vo209 | Vg-2.0 | Vg-1.2 oyt = -650 pA 3B | 1
. Ve Ioyr = 0
Low Level Output VoL 0.17 0.5 Iogrr = 100 mA 7,91 26
Voltage 36
High Level Input Iccin 17 22 mA | Vine =Vo1 =556V, | 10,
Supply Current ViN-=0V 37,
Low Level Input Iccm 6 11 Vine = V=0V, | 38
Supply Current Vee1 =556V
Qutput Supply Icea 2.5 5 Vour open 11,12} 11
Current N BN 39’40
Low Level Collector IcL 0.3 1.0 Ioyr=0 15, { 27
Current ) 59
High Level Collecto: Icn 0.3 1.3 Iour= 0 16, 58 27
Current C 1.8 3.0 Iour = -6650 pA - [15, 57
Vg, Low Level Supply I 0.7 04 0 114,
Current . 61
Ve High Level Supply Ien 0.5 -0.14 0 14, | 2b
Current i 40
Blanking Capacitor Icna -0.13 -0.25 -0.33 VDoEsAT=0-6V . 13, | 11,
Charging Current -0.18 -0.25 -0.33 VDEsaT = 0-6V, 41 § 12
_ Ta = 25°C - 100°C :
Blanking Capacitor IpscHG 10 50 VpEsSaT =7V 42
Discharge Current
UVLO Threshold YuvLo+ 11.6 12.3 13.5 v Vour > 5V 43 |9, 11,
: _ 13
VuvLo- 111 12.4 Vour <5V 9,11,
_ 14
UVLO Hysteresis VivLo+ - 0.4 1.2
Vuvio-) .
VDESAT 6.5 7.5 Veoz -VE >VuvLo- 16, 11

| 44




Sw1tchmg Specifications (AC)
Unless otherwise noted, all typical values at T = 25° C,Veor = BV, and Vccz Veg = 30V, VE-VEg =0V,
all Minimum/Maximum specifications are at Recommended Operating Conditions.-

Parameter Symbol Min. | Typ. | Max. | Units | Test Conditions| Fig. |Notej
Vi to High Level Qutput tpLH 010 | 030 050 ps |Rg=10Q 17,18,19,} 15
Propagation Delay Time Cg = 10 nF, 20,21,22,
Vi to Low Level Qutput tPHL 0.10 § 0.32 | 0.50 f = 10 kHz, 45,b4,
Propagation Delay Time Duty Cycle = 50% 55
Pulse Width Distortion PWD -0.30 ] 0.02 ] 030 16,17
Propagation Delay Difference [ (tpyr - tpun) | -0.35 0.36 17,18
Between Any Two Parts PDD
10% to 90% Rise Time ty 0.1 45
90% to 10% Fall Time L 0.1
DESAT Sense to 90% Vour tDESAT(90%) - 0.3 0.5 Rg=1010, 23,66 19
Delay : Cg = 10 nF
.| DESAT Sense to 10% Vour tDESAT(10%) 20 | 3.0 Veos - VEE = 30\1 24,28,
Delay 46,66
DESAT Sense to Low Level tDESAT(FAULT) 1.8 5 25,47, 20
FAULT Signal Delay 56
DESAT Sense to DESAT Low tDESAT{LOW) 0.25 56 21
Propagation Delay
RESET to High Level FAULT | GiiSETGrauLT) | 3 7 1 20 26,27, | 22
Signal Delay - ) 56
RESET Signal Pulse Width PWRESET 0.1
UVLO to YouTt High Delay tuvLo oN 4.0 Vooz = 1.0ms 49 13
o ramp
UVLO to Vput Low Delay tUVLO OFF 6.0 14
Output High Level Common |CMn| 156 30 kV/us | Ty = 25°C, 50,51, 23
Mode Transient Immunity VcMm = 1500V, 62,63
Vooz = 30V '
Output Low Level Common |CML| - 15 30 Ty = 25°C,. 24
Mode Transient Immunity Veu = 1500V, :
Voez = 30V
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= _ ___
ST | TLO84A - TLO84B

, GENERAL PURPOSEJ-FET
QUAD OPERATIONAL AMPLIFIERS

« WIDE COMMON-MODE (UP TO Vcc') AND
DIFFERENTIAL VOLTAGE RANGE

s LOW INPUT BIAS AND OFFSET CURRENT

= OUTPUT SHORT-CIRCUIT PROTECTION

s HIGH INPUT IMPEDANCE J-FET INPUT

STAGE

a INTERNAL FREQUENCY COMPENSATION N D

“u LATCHUP FREE OPERATION  DIP14 : 5014
» HIGH SLEWRATE : 16Vius (typ) {Plastic Package) {Plastic Micropackage)

TSSOP14
{Thin Shrink Small Qutline Package}

DESCRIPTION : ORDER CODES

The TL0O84, TLOB4A and TLO84B are high speed

J-FET input quad operational amplifiers incorporating Part Number Tenrltg‘ragttaure Npac:,age
well matched, high voltage J—FET and bipolar transis- - _ P
tors in a monolithic integrated circutt. TLOBAM/AM/BM _550(:‘ +125°C et

The devicesfeature high slew rates, low nputbias and TLOBAUAI/BI —40°C, +105°C o i
offsetcurrents, and low offset voltage temperature TLOB4G/AC/BC 0°C, +70°C ]t
coefficient. D Examples : TLO84CN, TLOB4CD

PIN CONNECTIONS (top view)

output 1 1 [ (] 14 Output 4

Inverting Input 1 2 [ :] 13 Inverting Input 4

] 12 Non-inverting Input 4

veet 4 [ (] 11 vec-

Non-inverting Input 1 3 E

Non-inverting Input 2 5 E Non-inverting Input 3

Inverting Input2 6 E y nverting Input 3

Cutput2 7 |: Qutput 3

January 1989 : 111




TL084 - TLOS4A - TLOB4B

SCHEMATIC DIAGRAM (each amplifier)

_Vcc+ D

p—y

Non-inverting
input D

Inverting |
input :

20082
D GCutput
10 0L
I—T_
L by ol }
H N H
l»—l
1 8.2k H A
13k | 1.3k 100Q
Vee [
ABSOLUTE MAXIMUM RATINGS

Symbol | ) Parameter Value Unit

Vee | Supply Voltage - {note 1) +18 Vv

Vi | Input Voltage - (note 3) +15 Vv

Vi Differential Input Voltage - {note 2} +30 v
Piat | Power Dissipation 680 mw

Qutput Short-circuit Duration - {note 4) Infinite
Toper | Operating Free Air Temperature Range TLOB4C,AC,BC 0to 70 -°c
TLO841AlBI —40 to 105
TLOB4M,AM,BM -55to 125 ;
Tatg | Storage Temperature Range —65 to 150 °c

Motes : 1. All voltage values, except differential vollage, are with resped to the zero reference level (ground) of the supply voltages where the

zero reference iovel is the midpoint between Voo™ and Veo™. .

Differential vollages are at the non-inverting input terminal with respect 10 the inverting input terminal.
The magnitude of tha input voltage must never exceed the magnitude of the supply vollage or 15 volts, whichever is less.

The output may be shorted to ground or to either supply. Temperalure and for supply vallages must be limited to ensure that the

Rl ai s

dissipation rating is not exceeded,

211




TLO84 - TLOS4A - TL0O84B

ELECTRICAL CHARACTERISTICS

Vee =+15V, Tamb = 25°C (unless otherwise specified)

TLOB4I,M,AC Al

- TLOBAC .
Symbol Parameter. AM,BC,BI,BM Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Vie input Offset Vollage (Rs = 50Q) - my
Tamb = 25°C TLOB4 3 10 3 10
TLOB4A 3 6
TLO84B 1 3
Troin. € Tamb £ Tmax. TLOB4 13 13
TLOB4A 7
b TLOB4B 5 .
DVie | Input Offset Voltage Drift 10 10 uvrc
lia Input Offs et Current *
Tamb = 25°C 5 100 5 100 pA .
Tein. € Tamb £ Trmax. 4 4 nA
lib Input Bias Current * .
Tamb = 25°C 20 | 200 30 | 400 pA
Tmin. € Tamb S Tmrax 20 20 nA
© Avd Large Signal Voftage Gain (R = 2kQ, Vo = £10V) VimV
Tamp = 25°C 50 | 200 25 | 200
Torin. € Tamb £ Tmax. 25 15
SVR Supply Voltagne Rejection Ratio {Rs = 5062) dB
Tamb = 25 a0 86 70 B6
" Thin. < Tamh % Tmax. 80 70
fore] Supply Current, per Amp, no Load mA
amb = 25°C 14 | 25 14 § 25
Tonin. < Tamb = Tenax, 25 2.5
Viem Input Common Mode Voltage Range 11 +11§: 11 | +15 V'
- -12
CMR | Commaon Mode Rejection Ratio {Rs = 500} dB
Tamp = 25°C BO 86 70 86
Trin. £ Tamt € Trax. 80 70
los Qutput Shoﬂ-cnrcu;t Curmrent . mA
Tarmb = 25°C 10 40 60 10 40 60
Tmin. £ Tamb £ Tmax. 10 60 10 60
+Vopp | Oulput Voltage Swing v
‘ Tamb = 25°C RL= 2kQ 10 12 10 12
"Ri= 10kQ 12 | 135 12 | 135
Tmin_ < Tamb < Tma_x, “TRL= k2 10 10
Ry = 10k 12 12
SR | Slew Rate (Vin = 10V, R = 2kQ, C. = 100pF, Vius
Tamb = 25°C, unity gain) 8 16 B 16
t Rise Time (Vin = 20mV, R = 2k02, C = 100pF, _ ps
. Tams = 25°C, unity gam) 0.1 0.1 :
Kov Overshoot (Vin = 20mV, Ry = 2k, C, = 100pF, %
“Tamb = 25°C, unity gain) 10 10
GBP Gain Bandwidth Product {f = 100kHz, MHz
Tamb = 25°C, Vin = 10mV, R = 2kQ, C = 100pF}) 25 4 25 4
Ri input Resistance 10" 10" Q
THD | Total Harmonic Distortion (f = 1kHz Ay = 20dB, %
Ry = 2k€2, CL = 100pF, Tamn = 25°C, Vo = ZVPP) 0.01 0.01 .
o Equivalent Input Noise Voltage 15 nv
- (f = 1kHz, Rs = 10002} 15 Iz
&m Phase Margin 45 45 Degrees
VoiVoz | Channel Separation (A, = 100) 120 120 dB

* The input bias currents are junction leakagé'curments which approximately double for every 10°C increase in the junction temperature.

o7

31




 TLO084 - TLOB4A - TLO34B

PARAMETER MEASUREMENT INFORMATION |

Fig.ure 1 : Voltage Follower

Figure 2 : Gain-of-10 Inverting Amplifier .

144

TLOB4 O 8 o
o
e CL= 100pF Ry = 2K2 CL= 100pF
TYPICAL APPLICATIONS
AUDIO DISTRIBUTION AMPLIFIER
fo = 100kHz

b——) OutputA

1/4
TLO84

-—=O OQutput B

174
TLOB4

O Output C

-
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TLO84 - TLOB4A - TLOB4B

. PACKAGE MECHANICAL DATA

14 PINS - PLASTIC DIP

—
'I; —
4
- bt
| r i
b E
Z
et z N
Ie
D .
I N O N !
] 8
: n
1 1
LT LY 3 1 L0 «F L1
. . Millimeters Inches
Dimensions — S - -
Min. Typ. Max. Min. Typ." Max.
“al 0.51 0.020
B - 1.39 1.65 0.055 0.065 -
b 0.5 0.020
b1 0.25 0.010
D 20 0.787
E 8.5 0.335
] 2.54 0.100
el 15.24 ] 0.600
F 71 L 0.280
i 5.1 0.201
L - 33 0.130
Z 1.27 254 0.050 0.100

911




TL084 - TLOB4A - TL084B

PACKAGE MECHANICAL DATA

14 PINS - PLASTIC MICROPACKAGE (S

o

|
b

Jl:u_u_u_ﬁ,tg__‘”{____J

|l

—_—
1

D
nnnnn.rr‘_
]

"
'S
i 7
giboggdpgutn
Dimensions Millimeters inches
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.068
al 0.1 0.2 0.004 0.008
a2 1.6 0.063
b 0.35 0.46 0.014 0.018
b1 0.18 025 0.007 0.010
C 0.5 0.020
C el _ 45° {typ.)
D - B.55 8.75 0.336 0.334
E 5.8 - 6.2. 0.228 o 0.244
e . 1.27 0.050
el 7.62 0.300
F 3.5 ‘ 4.0 0.150 0.157
G 4.6 5.3 0.181 0.208
L 0.5 1.27 0.020 0.050
M 0.68 0.027
s 8° (max.)

10M11




'TL084 - TLOB4A - TL084B

PACKAGE MECHANICAL DATA :
14 PINS - THIN SHRINK SMALL OQUTLINE PACKAGE

GAGE. PLARE

J AT SLANNG PLANE __L
A ) L
AT S
. A1 ' N )
may § NRNR = 'EEE i
L), NS | I
ea A= e e e = -—-—-e-u-.—'-—w---FEz::::d
. Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 1.20 0.056
Al 0.05 0.15 0.01 0.006
‘A2 0.80 1.00 - 1.05 0.031 0.039 0.041
. b 0.19 0.30 0.007 0.15
c 0.09 0.20 0.003 0.012
D . 4.90 5.00 5.10 0.192 0.196 0.20
E 6.40 . ’ 0.252
E1 4,30 4.40 - 4.50 0.169 0.173 .~ 0.177
e 0.65 0.025
k o° 8° o° 8°
I 0.50 0.60 0.75 0.09 0.0236 0.030

Information furnished is l;a'liavad o bé accurate and reliable. However, STMicroelectronics assumes no responsibility for the
" consequences of use of such inferation nor for any infringement of patents or other rights of third parties which may result
from its use, No license is granted by implication or othérwise under any patent or patent rights of STMicroelectronics. Specifi-
cations mentioned in this publication are subject to change without notfce. This publication supersedes and replaces all infor-
mation previously supplied. STMicroelectronics products are ‘not authorized for use as critical components in life support

devices or systems without express written approval of STMicroelectronics.
© The ST logeis a trademark of STMicroolectronics

The Netherlands - Singapore - Spain- Sweden - Switzerland - Taiwan - Thaitand - United Kingdom - U.S.A.

a]

. STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - France - Germany - ltaly - Japan - Korea - Malaysia - Malta, - Mexico - Merocco

@ http:/fwww.st.com

@ 1999 STMicroelectronics — Printed in ltaly — All Rights Reserved
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NTC Thermistor Assemblies
Vishay Dale

NTC Thermistor Assemblies

FEATURES

+ Standard and custom assermblies are available in a variety
of configurations

+ Assemblies can conveniently attach to or be an integral
pan of any system fo monitor or control temperature

» No added labor required priar to assembly in the intended
application

Standard and custom assemblies are available in a variety of configurations. The choice of assembly style is dependent on the
application. - The primary factors which determine the optimum configuration of a thermistor assembly are the operating
~ environment, mounting, fime response and minimumn dissipation constant.

The two factors which do vary considerably with assembly design are time constant and dissipation constant. The time constant
will typically be of greater duration in encapsulated thermistors. This is, of course, due to additional mass surrounding the
thermistor alement; therefore, extending the thermat transter time. Dissipation constant will also be greater in assemblies. The
additional housing mass serves welf as a heat sink. Greater power is therefore required to induce self-heating.

Both time constant and dissipation constant will vary with the selected thermistor and housing. Heat transier properties of the
housing, thermistor location, mass and wire type determine these constants. It is recommended to evaluate or consult the
factory in applications where TG and DG are critical.

ASSEMBLY STYLES ,
IMMERSION PROBES 9. ABS Housing

1. Thread Mounted 10. Polyester Housing

2. Penetration Probe ' 11. Epoxy Tip Probe

3. Tubular Stainless Steel 12. Pipe Sensor

4. Tubular Pyrex® o SURFACE SENSORS

5. Flexible Immersion L 13. Ring Tongue Lugs

GENERAL PURPOSE SENSORS 14. Heat Sink Sensbfs

6. Delrin® Housing_ 15. Hectangular Block Sensors

7. Stainless Steel Rod Refer to “How to Select an NTC Thermistor” for general design
8. Gold Ancdized Flanged Sensor aids in choice of thermistor value, tolerance and R-T curve.

. Choose Styte: R07
. Select Wire Type: PVC Insulated - example 300
. Select Wire Length: LO6

1
2
3
4. Select Thermistor - Ses thermistor selector sheet 1) Curve 01 .

2) Resistance value numeric code - 31
3) Resistanca tolerance 10

5. Contact factory for part numbers.

www.vishay.com For technical questions, contact thermisior1@vishay com Document Number: 33012
18 . Revision 23-0ct-01



NTC Therfnistor Assemblies

m{' | NTC Thermistor Assemblies

Vishay Dale
IMMERSION TYPE ASSEMBLY HOUSING
n . x2 0,438, - T et 12215 320 =6
225 120 0.38 (EXT am I
“L" = 1,15, 3.6 INCHES b

=

THREAD 1/8 NPT 14.08] THREAD 1/8-27-NPT

0.438 -
“.i. ...._.._ | ___'__ ‘L e
L AN\ L5 460 395" PRUB 7 MATERTAL #2304 STAINLESS STEEL

T5=15" T6=25" T7=3" TO=4" T9=6" T1I0=8"

“wospen] T

MATERIAL: 4203 STAINLESS STEEL MATERIAL: #303 & #3D4 STAINLESS STEEL - wew
5 ' 15,25, 3,4, 6, 8 INCHES I |
0.563_|, 0.475 k e Ty =t

o188 | [14,3] | [12.06] | 0.156 0.
[4.78] l 1 (11,12

T =25" M2=¢"

MATERIAL #304 STAINLESS STEEL

0.166 [4.27] j

1/4-20-NC TAP ™ —1B-2F-NFT “e V4[5
| “L" = 2.5, B INGHES I
MATERIAL: 3304 STAINLESS STEEL MATERIAL: BRASS _@'.‘:I:'.’:I:'.“_"_';';Z'_';'.' ;:Z"_".'_':Z'_i_i
%5 TUBES 11, 12, T3, T4, T13, T14 FIT 1O SCER P VDI UURS e ¥
HEX BUSHING “X1 MATERIAL 8304 STAINLESS STEEL 0.230 {5.84}
0850y TUBES TS, T6, T7, T8, 79, TIR FIT TO
ERTX T X HEX BUSHING "X2" TI3=125" Ti4=625
L. R TUBES T4, T2, T3, T4, T13, TH AT TO I L {18 (218}
0.150 [4.06] 'COUPLING X5 I “L" = 1.25, 6.25 INCHES ]
' : ALL TUBES MAY BE USED INDEFENDENT = =
MATERIAL: #303 STAINLESS STEEL OF ANY BUSHING OR COUPLING IMATERIAL #304 STAINLESS STEEL 0105 [2,57:]]
PROBE + HEX HOUSING
LEAD TYPE—\ SHRINK WRAP—\

LEAD LENGTH ————

LEAD TYPE\

an

[ SEE THERMISTOR SELECTION SHEET

X1 ™ . 300 L24 04 33 c3

L RESISTANCE TOLERANGE
RESISTANCE VALUE NUMERIC GODE
THERMISTOR MATERIAL CURVE USED IN ASSEMBLY

LENGTH OF WIRE
TYPE OF INTERCONNECTION WIRE
L TUBE SELECTION :
— HEX BUSHING/PROBE SELECTION

HOOK-UP WIRE ) STANDARD WIRE FOR HEX/TUBE HOUSINGS

TYPE : X1/X5 X2 X3 X4 T1-T4 T5-T10 T1-T12 | T13-T14

Cable . 508 503 503 503 508 503 503 508

Teflon Insulated Wire 208 202 202 202 208 202 202 208

PVC Insulated Wire 300 300 300 300 300 300 300 300

Twisted Pair Wire 702 - 702 702 702 702 702 702 702

Zip {Flal) Wire 601 601 601 601 601 601 601 - 601

Ni Wire, Teflon Insulated 400 400 400 400 400 . 400 400 400
STANDARD WIRE LENGTHS: 3,6, 9,12, 24, 36 Inches
Document Number: 33012 For technical questions, contact thiermistori@yvishay.com www.vishay.com

Revision 23-Oct-01
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NTC Thermistor Assemblies |
Vishay Dale NTC Thermistor Assemblies

CUP TYPE ASSEMBLY HOUSING

coz co3
. 0.875 188
1.500 o 0.156 . o
38.1 o028 P-i222) | 2,06 14.78]
T - :
- — 0125
o 0.248_ 18] -
MATERIAL: ALUMINUM 164 MATERIAL: 303 STAINLESS STEEL MATERIAL: #2611 ALUMINUM
Co4 co§ co
0.631 0.200 \ 01423 0.63 0208
[‘[15 o] [5.08] 0.140 y [sor ] o
T —L 0.160 L o.za-s [3.56] ?6‘?5% o "m%.?l [ ".
2 [4.29] A y
0.175 : T IlT b o035 -l—iT '
[14.44] {0.89]
MATERFAL: NICKEL PLATED BRASS MATERIAL: #2024-T4 ALUMINUK MATERIAL: GOLD ANODIZED ALLIMINUM
£o8
1.500 0.500 .
[38.1) i ao0.28 [12.7] 0.170 . 0.230
l‘_g___ 4 é ) et é 14.32) : £ (5.84)
0. 22 0.140 0.040—l- 0,
15.59) 13.56] {1.02} 14.32]
MATERIAL: CELANEX 2012-2 (BLACK FOLYESTER) | MATERIAL: DELRIN 19500 WHITE & BLACK MATERIAL: MOLDED ABS
LEAD LENGTH e
CUP SELECTION—,
\‘-
/Iﬂ/[/IJ’/‘//I/I//II///I//II‘I;%I)VII; u m
: / s /ﬂfﬂl)’//‘/ﬂ'////ﬂ’
A A o L A AL T 1 f =]
.{-W

///7 ;W///ﬁ?‘ \ :
THERMISTOR LEAD TYPE

. l—iSEE THERMISTOR SELECTION SHEET
co7’ 202 _L24 04 3 ca -

LHESISTANCE TOLERANCE
RESISTANCE VALUE NUMERIC CODE
THERMISTOR MATERIAL CURVE USED IN ASSEMBLY

LENGTH OF WIRE
TYPE OF INTERCONNECTION WIRE
—-CUP SELECTION

HOOK-UP WIRE . STANDARD WIRE FOR CUP HOUSINGS .

TYPE con coz co3 co4 cos co6 co? cos

Cable 503 N/A 508 508 508 503 503 508

Teflon Insulated Wire 202 202 202 202 o202 202 202 202

PVC nsulated Wire - 300 300 300 300 300 300 300 300

Zip (Flat} Wire . 601 8601 601 601 601 601 601 . 601
[ Twisted Pair Wire ‘703 703 703 703 703 703 703 703

Ni Wire, Teflon Insulated 400 400 400 40D 400 400 400 400
STANDARD WIRE LENGTHS: 3,6,9,12, 24, 36 Inches
www,vishay. com ' ' For technical questions, contact thermistor1@vishay.com Document Number: 33012

20 Revision 23-Oct-01



" NTC Thermistor Assemblies
NTC Thermistor Assemblies Vishay Dale

N A
VISHAY

TEX BUSHING/PROBE ASSEMBLY HOUSING

Ho Hi2 Ho3
2 :-‘“’ @ 0125 0.004 :
/128 pasi [pag |
L H
o ot gkt obso - | e
TR [6.35] id = : 3
i /* i
TAR METRIC M3-5 Aém |
51%2';} }63 i
0.060 I ! TR 0.125
n f" P 0.130 [3.3] 4.81] 6.300 [Ll:’-‘al
— H EI Tl H f : E?,ﬁzl '?41?83-8]
18 A i -
]-?4-57[;-' L?g_ss',%] — @ 0.125 2 0.125
MATERIAL ALUMINUM MATERIAL ALUMINUM MATERIAL ANODIZED ALUMINUM
HOo4 Hor Hod
0.570
— [14.48] 050
_Jo2so 516 PR :
. [63_51 [g:;n PBS]T - E9521 ';'375 0.18
0121 . ™ { AL .
-4 [a.1) [9-5?1 | 204
-,
|| THAEAD -
THREAD
IZUNF-24
— _|snea
10.76] o)
MATERIAL BRASS CA-132  ° | MATERLAL ALUMINUM (H5) & BRASS {H6)|  MATERIAL Z024-T4 ALUMINUM MATERIAL #303 STAINLESS STEEL
HEAT SINK sascﬂou—\ " LEAD LENGTH
V/I‘I/A‘" &
| ] :
l ] &
. -
JELELNE  § =
G

THERMISTOR \LEAD TYPE

r——-‘;SEE THERMISTOR SELECTION SHEET. -
Ho6 202 L24 04 .33 c3

_ LRESISTANCE TOLERANCE
RESISTANCE VALUE NUMERIC CODE
THERMISTOR MATERIAL CURVE USED IN ASSEMBLY

LENGTH OF WIRE
TYPE OF INTERCONNECTION WIRE
—CUP.-SELECTION
HOOK-UP WIRE - STANDARD WIRE FOR HEAT SINK HOUSINGS -
TYPE ‘ : Ho1 HO2 HO3 - HO4 HO5 HO6 HO7 H08
Cable 508 - 508 508 © 503 503 503 - 503 508
Teflen Insulated Wire ) 202 202 202 202 202 202 202 202
PVC Insulated Wire 306 306 306 306 3086 306 306 306
Twisted Pair Wire 703 703 703 703 703 703 703 703
Zip (Flat) Wire 601 BO01 601 601 601 601 601 601
Ni Wire, Teflon Insulated 400 400 ' 400 400 400 400 400 400
STANDARD WIRE LENGTHS: 3,5, 9, 12, 24, 36 Inches '
Document Number: 33012 For technical questions, contact thennistori@vishay.com . www.vishay.com.
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NTC Thermistor Assemblies |
Vishay Dale NTC Thermistor Assemblies

RING TONGUE ASSEMBLY HOUSING

il Ri3 RO Jiiil)

0.544 [13.82]
- 0.250 6.35) - 0.250 16.35) 0.266 [6.76]
0.119 §2.02} ] 0.146 13.71] 0173 [4.38] 0.032 THICK
i £.032 THICK 0.032 THICK | - QOA2THICK | 133 — 081
b [0.81] T [0.61) : [0.81] Myl 5
orro t o212 [5.38] o77o! 233 (5,92} . 0890 Y 001735 w2\ | [ eseas)
[19.56] [19.56) 122.61] 0.29017.36} : _;
[‘1’:;: INSULATED 0.635 INSULATED l':';gg] INSULATED 124.33) INSULATED |
- BARREL f16.13 BARREL = BARREL BARREL
! 14
- = 0.250 [6.35] —l l'— 0.250 [6.35] —l  le— 0230 [5.84] - L—g_zm [6.35) .
ROS R§ ROT Boa
— 017 [2.67] 0.145 [3.68] 0.173 (4.39) 0.200 {5.08)
*— 0.032 THICK 0.040 THICK T .04 THICK 0.051 THICK
0550 T [1.02] i 0.820 rAAR 0,320 SR 0.948 [1.3]
13, 160 [4.06 [20.83) 0.270 [6.86) [20.83) 0.270 [6.86] [24.00] 0,350 [9.1
t 3 93!430 [ pooue 0.660% (4 0.660 . 0.742 813
[10.92 BARE METAL [16.76 BARE METAL 1676 BARE METAL [18.85 BARE METAL
f d | - BARREL BARREL P BARREL s BARREL
— L gise [4.0] — b pa 15.6] —| 20 [5.6] ko288 [7.24]
~— RING TOUNGUE LUG SELECTION
e LEAD LENGTH ————

P, ey
//////// ;
7 A,

!
L—-—'THERMISTDR
“_LEAD TYPE

) e y————SEE THERMISTOR SELECTION SHEET
RO3 " o202 L24 04 33 ca ' S

LRESISTANCE TOLERANCE
_ RESISTANGE VALUE NUMERIC CODE
THERMISTOR MATERIAL CURVE USED IN ASSEMBLY

LENGTH OF WIRE
TYPE OF INTERCONNECTION WIRE
—CUP SELECTION
HOOK-UP WIRE STANDAHD WIRE FOR HEAT SINK STYLES
TYPE ] RO RoO2 RO3 RoA RQ5 ROG AO7 RO8
Cable I 503 503 | 508 503 N/A 508 508 503
Teflon Insulated Wire 202 202 202 202 208 207 207 201
- PVC Ihsulaled Wire 30t l1]] 304 306 a0 301 304 306
Twisted Pair Wire : 703 703 703. 703 N/A 703 - 703 702
Zip {Flat) Wire ~ 601 601 601 g0t - 601 601 601 601
Ni Wire, Teflon insulated 400 400 400 400 400 400 400 400
STANDARD WIRE LENGTHS: 3,6,9,12, 24, 36 Inches - :
www.vishay.com . For technical questions, contact thermistor1@vishay.com Document Number: 33012
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| NTC Thermistor Assemblies
NTC Thermistor Assemblies Vishay Dale

N A
VISHAY

PIPE STYLE ASSEMBLY HOUSING

BO1 - B ER g o2
0.200 ] I782)
1508} 1.180
2,15 MAX 0.156 [2987] l a0.1%s ﬂ:::s - 20,332
[54'51 15.98] ja.a5) {5.97] 10,
z 0.130 [8.43]
- A RN 13.56}
sssp as% .y = s
CONTACT— n_gz:. | l 0.200% 0625 {8.78} 0.085 f
LENGTH  [235] 7.7 1591 : [1.55]
. ) MATERIAL: #305 STAINLESS STEEL
BO4 PoS Pog
@028  goposr i . i
[ (729 7.29) _
. () . -,
i loise + ;
0,040 01 0250 R . . ()
[1.02} L e 1
MATERIAL: CELANEX 2012-2 (BLACK POLYESTER) MATERIAL: #305 STAINLESS STEEL MATERIAL: §304 STAINLESS STEEL

{—“ CUP SELECTION

"‘ LEAD LENGTH %‘ﬁ

s Y S ———

—1 [C T —
y Q |
TIE DOWN !
L LEAD TYPE—
THERMISTOR
- et p——————--SEE THERMISTOR SELECTION SHEET
P06 202 L24 04 33 C3
|—HES!STANCE TOLERANCE
- 1~ RESISTANCE VALUE NUMERIC CODE
THEHMIS'TOH MATERIAL CURVE USED IN ASSEMBLY
—LENGTH OF WIRE
TYPE OF INTERCONNECTION WIRE
—CUP SELECTION
HOOK-UP WIRE STANDARD WIRE FOR PIPE HOUSINGS
TYPE _ Po1 P02 P03 P04 P05 P06
Cable 508 508 N/A 503 CNA N/A
Teflon Insulated Wire 202 202 . 202 202 202 - 202
PVC Insutated Wira - 304 304 301 304 301 301
Zip (Flat) Wire 601 601 601 601 601 601
Twisted Pair Wire 703 703 . 703 703 703 703
Ni Wire, Tefton Insulated 400 400 4Q0 400 400 400
STANDARD WIRE LENGTHS: 3,86,9 12, 24, 36 Inches
Document Number: 33012 For technical questions, contact thermistor1@vishay.coni www.vishay.com-
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NTC Thermistor Assemblies

N A
VISHAY

“Vishay Dale - NTC Thermistor Assemblies
CONNECTORS
. n 12 13 jE ]
22 AWG. 2-CIRCUIT HOUSING AND DUST COVER
COVER
{AMP P/N: 64D551-2)
18- 22 20-24 24 - 26 HOUSING
WIRE WIRE WIRE ' {AMP P/N: 641219-2)
RECEPTABLE FOR 3/16 X 0,020 TAB TIN COPPER ALLOY CONTACTS, GOLD PLATED
15 : ’ 16
2 CAP HOUSINGS _ 1 RECEPTACLE. .
2 SOCKETS . 2 TERMINALS
SOCKET{18- 24 AWG) ___ FEMALE TERMINAL (24 - 30 AWG)
{AMP P/N: 350889-1) (MOLEX P/N: 02-08-1132) i
@ BRASS WITINPLATE
CAP HOUSING . @e"
(AMP P/N: 350885-1) %" FAEE HANGING RECEPTACLE
s {MOLEX P/N: 03-06-1023)
iz Ji:]
1 PLUGHOUSINGS 1 MINI-FIT HOUSING
2 TEAMINALS 2 TERMINALS
MALE TEAMINAL (18 - 24 AWG) _ o
(AMP P/N: 350690-3) FEMALE TERMINAL {18 - 24 AWG)
. BRASS W/GOLD PLATE (MOLEX P/N: 39-00-0039)
BRASS W/TIN PLATE
— 2-CIRCUIT PLUG HOUSING P 2.GKT MINIFIT HOUSING
{AMP P/N: 350777-1) {MOLEX P/N: 39-01-2020)

S1:  SHRINK WRAP STRAIN RELIEF, HOUSING/LEAD
S2:  SHRINK WRAP STRAIN RELIEF, LEADS
53:  SHRINK WRAP WITH MARKING

: S4:  AVERY LABEL MARKING

§5:  SPRING - STRAIN RELIEF 83—
www.vishay.com _ For technical questions, contact thermistori@vishay.cont Document Number: 33012
24
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Zinc Oxide Varistor
SPECIFICATION |
H TVR Series (Surgé Protection)

® Features

. Bedy size ¢5~¢20mm

. Radial lead resin coated

. Broad operating voltage

,-40 ~ +85°C operating temperature range

. Excellent clamping ratio

. Low leakage current

. Large withstanding surge current capability

. Bidirectional and symmetrical V/l characteristics
. Cost effective

OO0~ ®O O WK

¢ Recommended Applications

1. Power supply

2. Home appliance

3. Industrial equipment

4. Telecommunication or telephone system

® Approvals

* 4L 1414 Recognized {File#E186499)
* UL 1449 Recognized {File#E 173642)

* CSA Recognized (File#97495)

*VDE Recognized (File#5944)

* CQC Certificate No.CQC03001005165&CQC03001007654

Qe &

THINKING ELECTRONIC INDUSTRIAL Co., LTD.




S Type {Straight Lead)

2y

F Type (Y Kink Lead)

—2

i Type (Inner Kin_k Lead}

el
. A
Y |
L

d Lo

(Unit:mm})
Disc Siza | D max. L min. d nor. P nor. Amax. T max.
05 7.5 30 | 0.620.02 5%1 10
D7 9.5 30 0.640.02 5%4 12
10 1‘2‘5 130 0.840.02 7541 15.5 Shew on the characieristics
14 17 30 0.840.02 7.541 20
20 23.5 . 28 1.040.02 10 +1 26.5
~ {Unit:mm})
Disc Size | D rﬁx. L min. d nar. P nor, Amax. T_rna)f.
05 7.5 24 ~0.620.02 5+1 t2.5
o7 8.5 28 0.6+£0.02 511 14.5
10 12.5 26 0.8:0.02 T.5+% 19 Show on the characteristics
14 17 26 0.8t0.02 7.54% 22.5
20 23.5 24 1,0t0.02 10%1 20.5 )
{Unit:mm)
Disc Size | Dmax. L min. d nor. P nor. Amax. Tmax.
05 7.5 25 . 0.6+0.02 511 12.5
ar 9.5 25 0.610.02 511 4.5
10 12.5 25 ©.8+0.02 7.5%1 a0 Show on the characterislics
14 17 25 0.610.02 7.531 22.5
20 .23.8 25 1.010.02 10%% 28

THINKING ELECTRONIC INDUSTRIAL Co., LTD.



® Characteristics

[

Normal Max. Max. Max. Max. Reference
Varistor Allowabls Valtage Clamping Surpe Curren]  Energy | Rated Power | Cepacditance [ Thickness
Vpltage altag VoltagedB/20 ;2 s} (B8/208) (1071000 o1 8) @1KHz
Yima Y acimm) Voe Ve I fonax Wonay P c Tmax
™) M) v} W™ (A} (A} (3} W) (PF) {mm}

TVR 05330

TVR 07220 22 14 18 43 2.5 250 1.1 0.02 2000 4.1
TVR 10220 22 14 18 43 5 500 25 0.05 3500 4.5
-TVR 14220 22 14 18 43 10 t000 & 0.1 4500 4.5
TVR 20220 22 14 18 43 20 2000 14 Q.2 16000 4.9

33 73 1 100 0.8 a.0% 700 4.5
TVR 07330 33 20 26 45 25 250 1.7 0.02 1300 4.5
TVR 10330 33 20 26 65 5 500 4 0.5 2500 4.9
TVR 14330 kK] 20 26 55 10 1000 75 9.1 6000 4.9
TVR 20330 33 20 26 65 20 2000 23 0.2 13000 53
B ¥ T oA
S

Azt e e £ A 2
TVR (05470 -47 30 38 104 1 100 11 0.0% 500 4.1
TVRO7470 47 30 38 93 2,5 250 2.5 0.02 1100 4.1
TVR 10470 47 an a8 93 5 500 5.5 0.05 1800 4.5
TVR 14470 47 30 a6 53 H tooo 10 a.1 3800 4.5 "
TVR 20470 47 30 38 23 20 2000 3 0.2 11000 4.9

TVR 05680 6B 40 56 150 1 300 1.8 0.0t 330 4.6
TVR 07680 6B 40 56 135 2.5 259 .5 0.02 850 4.6
TVR 10680 6B 40 56 135 5 50Q 8.2 0.05 1250 5
TVR 14680 68 40 56 135 10 1000 14 a1 274a¢ 5
TVR 20680 68 40 56 135 20 2000 48 9.2 5.4

TVR Q5103 100 80 as 175 5 400 3 0.1 230 4.2
) TVR 07101 100 60 a5 185 10 1200 €5 0.25 420 4.2
TVR 10101 o 60 a5 165 25 2500 15 04 920 4.6
TVR 14101 100 ) a5 165 50 4500 28 0.6 1900 4.0
TVR 20101 100 60 as 165 too @ason 51 1 3900 5

THINKING ELECTRONIC INDUSTRIAL Co., LTD.




Part-No.

Normal Max. Max, Max. Manx, Reference
Varistar Allowable Yoltage Clamping Vohage Surge Curren  Energy  |Rated Power| Capacitanca | Thickness
Valtage ewable Valtag (@720 1 8 @20us) f1oroo0as) @1KHz
Vima Vacyme) Vot Vo In o Weran P c Trnan
M M v v (A} L 1] w) (PF) {mm})

TVR 05151 160 a5 126 260 400 4.8 a.1 180 4.7
TVR D751 160 a5 125 250 10 1204 .7 0.25 350 4.7
T¥R 10151 150 95 125 250 25 2500 22 0.4 760 5.1
TR 14151 150 g5 125 250 50 4500 40 0.6 2940 5.1

TVRO5241

415

400

TVR 07201 200 430 170 340 10 1200 13 0.25 140 4.3
TVR 10201 200 130 170 340 25 2500 30 0.4 280 4.7
TVR14201 200 430 170 340 50 4500 57 0.6 T00 4.7
TVR20201 200 130 170 340 100 6500 a5 t 1460 §.1

240 150 200 5 B 0.1 55 4.5
TVROT241 240 150 200 395 1 1200 15 0.25 120 45
TYR10241 240 150 200 395 25 éﬁﬂO 35 0.4 240 4.9
TVR14241 240 150 200 395 50 4500 83
TVR20241 . 240, 150 64300 108
T Xijé;‘»m:‘ B e | AT I
2 :

WJ AL b e ; 2 i g
TVRO5301 300 195 250 525 5 400 8.5 0.1 50 4.6
TVROT301 300 195 250 500 10 $200 21 0.25 105 4.8 .
T¥YR10301 300. 195 250 500 25 2500 40 0.4 210 5
TVR14301 300 195 50 4500 78 9.6 430 5
TVR20301 300 195 100. 6500 138 1 10040 5.4

TRl o ! : | :

i £ i
4 §

LIVRANSY 25 o S6m s
TVRO5361 230 5 400 10 4,8
TVROT351 230 abo 595 10 1200 25 4.8
TVR10361 360 230 300 595 25 2500 47 0.4 190 5.2
TVR14361 360 230 300 505 50 4500 83 0.6 430 5.2
TVR20361 360 230 300 595 100 6500 163 1 :lil] 5.8

THINKING ELECTRONIC I?

DUSTRIAL Co., LTD.




Normal Max ’ Max. Max. Max, Referance
Varistar " Alowa bie \:'olhaga Clamping Vollage Surge Current]  Enetgy  }Rated Power | Cepacilance | Thickness
Voltage {8r20 1 5) @20us) [(1LM000 us) @1KHz
Part No.
Vima Vacims} Voc Vi te Iwan Wonax P c Trremx
w) ) ) v} (A} 3] ) )] PF} {mm)

/TVR0543 430 . 278 350 T T . - 3 40 13 0.1 B a5 5.2
TVRD7431 430 275 350 710 10 1200 28 0.25 a¢ 5.2
TVR10431 430 275 350 710 25 2500 65 0.4 180 56
TVR1443% 430 275 350 710 50 4500 15 0.6 o 586
TVR20431 430 275 350 70 100 - 6500 190 1 700 [}

il

TVRQ7511 510 320 41 B 845 10 1200 kK] T 0.25 55 5.5
TVR1051% 510 320 410 445 25 2500 70 0.4 130 5.9
TVR1451% 510 320 410 845 50 4500 126 0.6 240 5.9
TVYR20511 510 320 410 845 100 6500 220 1 530 63

5 Rt 2 ‘ Z
TVRD762% 620 ags 510 1020 0 1200 a5 0.2& 55 &
TVR10621 620 385 840 1020 25 2500 70 D.4 110 6.4
TVRI4621 620 385 51 1020 50 - 4500 125 0.6 - 240 6.4
1 620 395 510 1020 100 6500 220 1 450 6.8

b

TVROTTS1 750 465 615 1235 10 1200 8 0.25 EE] 6.6
TVR10751 750 - 465 615 1235 25 2500 75 0.4 - 90 - . T
TVR14751 750 465 615 - 1235 &0 4500 143 Q.6 220 T
TVR2075t] 750 465 615 1235 100 4500 | 255 1 420 7.4

TVR10911 910 550 . 745 1500 25 2500 93 0.4 0 7.3
TVR14914 410 550 745 1500 50 4500 175 0.6 170 7.3
TVR209119 :ali] 550 745 1500 100 6500 320 1 360 7.7
ivRigie | o ’
Vet ) : . '
TVRIOI0ELLAB00 d e B
TVR10112 1100 25 2500 115 60

TVR14112 1100 ) 50 4500 213 140 8.1
TYR20112 1100 680 485 1815 - 100 6500 383 1 g 8.5

THINKING ELECTRONIC INDUSTRIAL Co., LTD.
Issue Date: July, 2004
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Fir guten Kontakt
bei starken Impulsen

Bei der Herstellung betriebssicherer, ausheilfahiger Impulskonden-
satoren ist die Stiombelastbarkeit der Kontakticrung, d. i. der
Ubergang zwischen Anschlub und Belag, ein wichtiges Konstruk--
tionskriterium.

B Das Avfbauprinzip der Reihe WIMA MKP 10 besteht aus
einer nicht metallisierten Dielektrikumsfolie und einer doppelseitig
metallisierten Belaglofie als Elekirade. Durch KurzschiuB der
Metailisierung Ober die Schoopschicht ist die Belagfclio dielek-
trisch nicht wirksam. Durch die beidseitige Metallisierung wird
die elekirische Leifthigkeit verbessert und die Kontaktierungs-
flache verdoppelt. Die bessere Verbindung zwischen Elektroden-
belag und Schoopschicht erfaubt eine hohe Strom- bzw. Impuls-
belastbarkeit.-Die Eigenschaften metallisierter Kondensatoren,
wie z. B. hervorragende AusheilfShigkeit und hohe Volumenkapo-
zitér, bleiben erhakten.

B Fir extreme Impusbelastungen bis zu 18000 V/ps wurde die
Baureihe YWIMA FKP 1 entwickelt. Sie ist mit einer internen Rei-
henschaltung realisier, wobet Belige cus Metalifolie mit siner
beidseitig metallisierten Blindlage kombiniert sind. Die Metall-
folienbeltige sind an der Stimseite fiachenhaft kontaktiert. Gleich-
zeitig ist der Kondensatar durch die zweifech metalfisierte Blind-
luge voll ausheiltahig, Der WIMA FKP 1 stellt in punkte impuls-
belusiborkeit dus High-End der Kendensatorentechnolegie dar

_For good contact

at high pulse ratings

An important construction criterion in the manufacture of reliable,
-self-healing capaciters for pulse applications is the current-

* carrying capacity of the contacts, i. e. the connaction between

the temminating wires and the electrodes.

B The construction principle of the series YWIMA MKP 10 con-
sists of a non-metallized dielectric film and an electrode carrier
film metallized on both sides acting as electrode. By shart-circui-
ting the metallization over the schoopage, the carier film s in
fieldfree space and is not dielectrically active. Thanks to the
metalfization on both sides, the elsctrical conductivity Is consi-
derably improved and the contuct surface between the electro-
des and the schocpage layer is doubled. This results in better
contact and ollows for high current and pulse loading copocities.
The properties of metcllized copocitors such as excellent self-
heoling ond high volume capacitance remain unchanged.

M The WIMA FKP T series was developed for extremely high
pulse loads of up to 18000 V/psec. It hos an internal series con-
nection, the metal foil electrodes being combined with o floating
electrode metallized on both sides. The metal foil electredss are
safely conkacted on both sides of the end surfuces. At the same
fime the capacitor is fully sell-healing due to the floating electro-
de metailized an both sides. As regards pulse loading copacity,
WIMA FKP 1 represents the high-end of capacitor technology.
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WIMA MKP 10

Impulsfeste Polypropylen-
Kondensatoren

M Fir Anwendungen in Schalinetzteilen, in der
Belevchtungs-, Fernseh- und Monitortechnik sowie
fir Lavisprecherweichen. M Impulsfester und aus-
heilfahiger Aufbau mit doppelseitig melullisierer
Belngfolie {siche Seile 72}.

Technische Angaben

~ Dielekirikum: Polypropylen-Folie.

Beldge: Doppelseitig metallisiarte Kunsistoff-Folie.
Umhillung: Flammhemmendes Kunststofigehause, UL 24 v-0.
Farbe: Rot. Aufdruck: Schwarz. Epoxidharzvergub: Rot.
Temperaturbereich: -55° C bis +100° C.

Priitklasse: 55/100/56 nach IEC.

Isolationswerte bei +20° C.

C <033 yF: > 1105 MQ Mittebwert: 5 - 105 MDY

C > 0,33 pF: = 30000 s (MO - pFl IMitiehvert: 100000 s]
Meflspannung: 100 ¥/ 1 min.

Verlustfakloren bei +20° C: an &

Polypropylene capacitors
for pulse applications

M For applications in switch mode power supplies,
frequency dividing in loudspeakers, in lighting,
monitors and TV-sets, WM Self-healing pulse duty
tonstruction with electrodes of double-sided metal-
lized carrier film (see page 72).

Technical Data

Dielectric: Polypropylene film.

Capacitor electrodes: Double-sided metullized plastic film,
Encapsvlation: Fame-retardent plastic case, UL 94 V-0.
Colour: Red. Marking: Black. Epoxy resin 'seal: Red.
Temperolure range: ~55° C to +100° C.

Test category: 55/100/56 in accordance with 1EC.
Insvlation resistance ot +20° C:

C < 0.33 pF: = 1 x 105 MQ Imean value: 5 x 105 MO}

C > 033 pF: = 30000 sec IMQ x pft Imean value: 100000 secl
Measuring voltage: 100 V/1 min.

Dissipations factors at +20° C: tan &

Gemessen beil C < 01 wF] 01 pF<C < LOPF ) C> 10 pF at f C<OlWF|CIUF<C < 10WF{ C>10pF
ThHz 1< 3-104 o E3-104 <3-104 TkHz |= 3x1i0p4 £3x A <3x A
10kHz {< 4-10% <6104 - 1CkHz |= 4x3104 <dx QA -

100 kHz <€15-104 - - 1C0 kHz < 15x 10 - -
KopazHitstoleranzen: £ 20%, £ 10%, £ 5%. Capacitance tolerances: + 20%, + 10%, + 5%.
Impulsbelastung: Maximum pulse rise fime:

Flankensteilheit ¥/ ps Pulse rise time ¥/ sec
C-Wert max. Betrieb Capacitance max. eperation
pF/ WF 1400 V- pk/uF 1600 VDC

100 V= | 250V~ | 400 V- | 630 V- | 1000 V—| 2000 V-

160G VDC | 250 VDC | 400 VDC | 630 VDC {1000 YRC:2000 YDC

1000 ... 2200 | 1000 [ 1000 | 1000 | 1000 | 1800 | 3000
3300 ...6800 | &00 | &0 | 400} 950 | 1300 | 1500
GOT ...0022F 400 | 400 | 420 [ 950 | 950 { 1000

1000 ...2200 | 1000 | 000 | 1000 | 1000 | 1800 | 3000
3200 ...6B00 | 600 | 600 SO0 950 [ 1300 | 15K
001 ...0022] 400 [ 400 420 850 950 | 1000
0.033...0068] 200 150 200 600 700 700

01 ...022 Ho 130 130 350 430 430
033 ...0£8 70 85 100 250 30 300
10 ...22 55 45 75 150 200 250
33 .47 40 &5 75 120 - -
68 ... 10 35 35 - - - -

Prisfspannung: 16Uy 2 s,

Schwingen: & h bei 10.,. 2000 Hz und 0,75 mm Auslenkung
bzw. 10 g nach EC 60068-2-6. '
Unterdruck: 1 kPa = 10 mbar nach [EC 600468-2-13.

StoBtess; 4000 Stafle mit 390 m/s? nach IEC $0068-2-29.
Spannungsderoting: Die zulassige Spannung vermindert sich
gegeniiber der Nennspannung bei Gleichspannungsbetrieb ab
+85° C, bei Wechselspannungsbetrieb ab'+75° C um 1,35%

jelk

Kurven siehe Seite 7.

Test voltoge: 1.6 Ur, 2 sec,

Vibrotion: 6 hours at 10...2000 Hz and Q.75 mm displacement
amplitude or 10 g in accordance with [EC 60068-2-6.

Low air density: 1 kPa = 10 mbar in accordance with

[EC 60068-2-13.

Bump fest: 4000 bumps at 390 m/sec? in accordance with

JEC 60068-2-29. )

Voltage derating: A voltage derating factor of 1.35% per K
must be applied from +85° C for DC valtages and from

+75° C for AC voltages.

Grauphs see poge 7.

66

0104



0i-04

Werteibersicht/ General Data

Fortsetzung Seite &B. 7 Continuation page 68,

WIMA MKP 10
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Zulassige Wechselspannung in Abhéingigkeit von der Frequenz bei 10° C Eigenerwiimung [Richiwerte):
Permissible AT voltage in relotion te frequency at 10° C internal temperature rise igeneral quidel:
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- WIMAFKP1
Impulsfeste Polypropylen-
Kondensatoren

B Mit Metallfolienbeliigen und innerer Reihenschal-

tung fiir héchste Strombelastbarkeit. M Einsatzge-
biete:Dimpfungs- und Kommutierungs-Kondensator

- in Schaltznetzteilen, Umrichterschaltungen der An-
triebs- und Energielechnik sowie Ablenkschaltungen

der Fernseh- und Monitorechnik.

Technische Angaben

Dielektrikum: Polypropylen-Folie.

Beliige: Aluminiumiolie und doppelseitig mefallisierte
Kunststofi-Folie.

Umbhiillung: Hammhemmendes Kunststoffgehause, UL 94 V-0
farbe: Rot. Aufdrick: Schwarz. Epoxidharzvergul: Ge'b.
Temperaturbereich: -55° C bis +100° C.

Prisfklosse: 55/100/56 nach [EC.

Isolationswerte bei +20° C:

C < 0,1 uF: = 1 - 105 M0 Mitebvert: 5+ 105 MQ)

C >0,) uf: = 30000 5 MQ - ub IMittehvert: 100000 s}

~ Mebspannung: 100 V/1 min,
~ Verlustfaktoren bei +20° C: tan &

Polypropylené capacitors
for pulse applications

B With metal foil electrode; internally series-connec-
ted for very high current ratings. B Applications:
Damping and commulation capacitors in switch
mode power supplies, static frequency changes in
drive and power electronics, deflection systems in
monitors and TV-sels.

Technical Data

Dielectric: Polypropylene film.

Caputcitor electrodes: Aluminium foil and double-sided
metallized plastic film. _
Encopsulation: Fome-refardent plastic case, UL 94 V-0.
Colour: Red. Marking: Black. Epoxy resin seal: Yellow:
Temperatvre ronge: -55° C fo +100° C.

Test category: 55/100/56 in accordance with IEC.
Insvlation resistance ot +20° C:

C < 0.1 pF: = 1x 103 MQ fmean value: 5x 105 MO}

C > 0.} pf: » 30000 sec IMQ x pF} Imean value: 100000 sec)
Measuring voliage: 100 V/1 min,

Dissipations factors at +20° C:. tan &

Gemessen bei C<0Qlyf Q1 pF < C < 022 pF atf C =<0 pF 0.1 uF<C <022 pF
1kHz < 3-104 <3-i04 1 kHz - < 3Ix i < 3x 104
10 kHz . < 4-104 < 6- 104 10 kHz € 4x 104 < 6x 104
100 kHz < 10+ 104 - 100 kHz < 10 x 10 -

Kapazitiitstoleranzen: + 20%, + 10%, £ 5%,
andere Toleranzen auf Anfrage.
Impulsbelastong:

Capacitance folerances: + 20%, + 10%, £ 5%
Icloser tolerances are available subject to special enguiryl.
Maximum pulse rise lime:

1000 ... 2200 | 1300 | 13200 | 1300 | 13200 | 14000 | 15000 | 15000 | 15000
3300 _..4800 | 5500 | 5500 | 0000 | 1200 | 12000 { 13000 | 13000 ) 13000
601 ...0f2| 00 | 330 | 5500 | 70| 800G} BG| @500 [ 8500
0453...00681 1900 | 200 | 4200 | 490G} 5000 500G ( - -
0} L0227 120 1500 F 200F OOP /OO - - -

Flankensteilheit ¥/ s Copoc Pulse rise time V/ psec
C-Wert ) - .
B : . max. Belrieb ftance max. aperuticn
P A0 V= 630 V= 1050 V| 1250 V- 1400 V- | 2000 V- | 2008 V- 4000 V- pF/aF 1 400VDE | £30VOC 000 VD] 1256 VD) 1600 VOC| 2000 VDCHA0 VO 0000
Wb o-f - | -} - Jew|sm| - | - Wl - | - | - | - |ewfwe| - b 0
330 .40 15060 | 14050 | 16000 | 16030 k4 J L - 15000 § 16000 | 00 [ 16000

1000 ... 200 | 13000 | 13200 | 13200 | 13200 | 14000 | 15000 | 15000 | 15000
3300 ...6800 | 5500 | 5500 | OO0 | 1200 | 2000 | 13300 | 13000 | 13000
001 ...002) 200 b 330 | 5500 | 7700 8000 500 [ 8500 | BSO0
003,008 ) 1900 | 260 [ 4200 | 4900 5000 00| - -
01 022|100 | 1500} X0 B0 BR| - - -

. Prisfspannung: 2 Uy, 2s/6 kV: 16 Uy 25,

Schwingen: 6 h bei 10... 2000 Hz und 0,75 mm Auslenkung
brw. 10 g nach IEC 60068-2-¢.

Unterdruck: 1 kPa = 10 mbar nach [EC 60068-2-13.
StoBtest: 4000 5i6Be mit 390 m/s2 nach {EC 60068-2-29.
Spannungsderating: Die zulissige Spannung vermindert sich
gegentber der Nennsponnung bei Gleichspannungsbetrieb ab
185° C, bei Wechselspannungsbetrieh ab +75° C um 1,35%
e 1K

Kurven sishe Seite 12.

Test voltage: 2 Ur, 2 sec/ 4000 VDC: 1.4 Ur, 2 sec.

Vibration: 6 hours ot 10...2000 Hz and 0.75 mm displacement
omplitude ar 10 g in accordance with [EC 60068-2-6.

Low air density: | kPu = 10 mbar in occordance with

IEC £0068-2-13.

Bump test: 4000 bumps ot 390 m/sec? in accordance with

IEC 40068-2-29. _

Voltage derating: A voliage deroting factor of 1.35% per K
must be applied from +85° C for BC voltages and from

+75° C for AC voltages.

Graphs see poge 12.
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