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ABSTRACT

According to doing the research about the electric generator powered by Proton
Exchange Membrane Fuel Cell (PEMFC) méasuring 1 KW 48 V 60 Cells, we have studied
about the performance of PEMFC and the relation among Hydrogen, Oxygen, Humidity and
Temperature while the electric generator is being in progress for finding out how to keep the
stability of PEMFC. After studying, we saw that the start system of PEMFC electric generator
has been being mostly developed so we put much emphasis on providing the easy-to-use
functions. The development of PEMFC electric generator got started from controllihg the
performance of Hydrogen both input and output for making it work automatically and then
blocking the battery power before switching over to PEMFC so in this progress, The power of
PEMFC replaces the battery power driving the system. So, the results of this research indicate
that PEMFC can work with high efficiency if the proper quantity of Hydrogen and of Oxygen is
equally.
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foue Liquid

1 kg 140.4 MJ
1 litre 9.36 MJ
1 kg B 15 litre
1 litre , 0.067 kg
1 litre 2.6 kwh
1 kg 39 kwh




&F0ue Gas (150 bar)

1 kg 140.4 MJ
1 litre 1.46 MJ
1 kg 96.164 litre
1 litre 0.0104 kg
1 litre 0.405 kwh
1 kg 39 kwh
80U Gas (STP)

-1 140.4 MJ
1 litre 10.8 MJ
1 kg 1300 litre
1 litre 7.69 kg
1 litre 0.003 kwh
1 kg 39 kwh
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RUNNT (2.9) NU (2.13)

(AZL )closed + AiL(open) = 0 (2 1 4)

(2.15)

n
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(Vi-Vo)DT (V

. Z"J(l - D)T

(Vi-Vo)D — Vo(1-D) = 0 (2.16)
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Vo
Vo _ 5 (2.17)
Vi
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4 2.18
I = I, = | Eo | (2.18)
Jmex = L2 o Ko A-DW (2.19)
2 R 2Lf
L oL A Y, a-D (2.20)
min 2 R 2Lf
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Laas(software frame pointer) §1g lagli3s3masa W14 vns At lagnsinuadves
W14 813N 3anssirudI®s LNK ez ULNK (ENFIMELIRUTNDR) LT WA
gunsnlnu wia dlReviwih Adunsanesiiaasesimanzaun

2. 53maa3 STATUS

lu dsPic Famassaaifanaidgun inszldlunsusasaniumsniviiey
109571 laeImned STATUS(SR) Hamwia 16 Ja utseanidls 2 saufie SRH (Ja 8
fl9 15) uaz SRLDa 0 §14 7)

laglu sRH - usraamunistiuanuazsudvastanslugmdszananadyans
fanealundn 6 Dauw saulla DA lFURAIRANUEMITNNUYBINTZUIRNITINANY
v3avi1gu (DO loop active) garhmiludaimanuaainmnatiuwdnuda Digit Carry (DC)

§1% SRL msgamumitiﬁwmumaami'ayﬂszmaNamaﬂﬁl@\ma@\ﬁm:aa%ﬂ
v3a ALU lasugodlugiasunan (flag) #ifle C (Aanana), Z(@wdugud), oV (dufin),
N (1Aaf1au) uaﬂ%’mﬁ?uﬂ'aLﬁuﬁwaamﬁmﬁﬁummﬁwﬁ’mmaammauauaﬁuma?
5Ua15%00 IPLO-IPL2 ganufdauaaizn1wnIsoifinousaInszuIuns REPEAT &9
ugaafida RA

3. CORCON ‘%%amafﬂmqumiﬁwmumammﬂﬂﬁzuqawaﬂaﬂa
uiseaivwa 16 ﬁmﬁmiqﬁﬂﬁmuqumiﬁﬂmmamu’aUﬂszmawaé‘fymgma%aa
LLa:zhuﬁﬁawuiﬂiLLﬂswgﬂwwaaﬁmm% uaﬂmﬂfuﬂhms@ﬁ@iaaﬂaﬁﬁﬁmuiwﬁ'ums
dueassua

4. ‘%‘%m@a§mfuquLﬁuLawﬁﬁmﬁmﬁ'ﬂmsﬁﬂmmamu’nﬂﬂs:mawaﬂmwaa
dsPIC

sznauaiy

(1) MODCON (Modulo Control Register) : (UuS3saaifitiinaidauas
ﬁ'muﬂmmﬁﬁmmsm'am'«ﬁ”m’fagmmu‘[mg“[a (modulo)
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(2) XMODSRT uaz XMODEND (X Modulo Start Address Register tiaz X Modulo
End Address Register) : 1Ju33aaaslfifiud1uonasgassu (XMODSRT) waztlanemi
(XMODEND) wasmihsanudrdoya ¥ Aldmudrfauuulugls

(3) YMODSRT ez YMODEND (Y Modulo Start Address Register L8z Y Modulo
End Address Register) : (Hui3maasfildifivduaniniaasdu (YMODSRT) uas
Uae119(YMODEND) wasnshsanuindaya Y ﬁi"ﬁmn%ﬁumﬂwgia

(4) XBREV (X Modulo Bit-Reverse Register) : Lﬂu’fﬁama%ﬁlﬁ'ﬁmummmaa
ﬁ‘WLWﬁﬁ%a%mymﬁm"'}iaga"ﬁ;amnLﬁal%’[umn%ﬁmmslmméﬁagal,muné‘uﬁm

(5) DISICNT (Disable Interrupts Count Register) : Lﬂu%%ama%ﬁgﬂlﬁ’lumi
auueddnFs DISI LﬁaamaLﬁami'éuma%%’ﬂ@Tﬁﬁizé‘ummﬁ’]ﬁmﬂmzﬁu 1096

2.7.5 JX-dsPIC40

40-pin dsPIC microcontroller Project board

vasawamlarnudmivlulasaeulniained dsPic su 40 21

1. ausyianaunaila

° lenulaulesaanlnsaiaas dsPIc. ¢ats DIP 40 971 unuasalfivas
dsPIC30F2010 &yaynmuniwm

° vinmsldldsunsauazfunlaeae ICDX-30 w32 ICD2 — w84 Microchip
(AaTauun)
=3 Qs 9/ s & ~ s =l @
e Hanlunwanslusunsuuassusassdadnaiissnufian wionnuaasannus

= ] 3 o o 2/ =}
° ugwamwammmumaaaLLa:‘IﬂN’m 5 WaInaa

RBO0O-RB8 9 a1 RC13-RC14 2 an RD0-RD3 4 a1
REO-RE5,RE8 7 41 RFO-RF6 7 11
° Jarea1eW +5v 800 mA - Uuuase -J&daT RESET - s nsSUsloanns

Mawedlulesaaulnsaaas

° 'gﬂ@iaiwga LCD laudiatn D4-D7 fuwasea RDO-RD3, 21 RS ¢anu
wate RF Uazan E danuwase RF1

° ’Joi]il.%amiaﬁ'uaauﬂ'sma%muwas‘@mgﬂw RS-232 §11% 2 74
UART1 danunasa RC13uazRC14 LHanenaduwiles

UART2 dianunasa RF4LRZRF5 tRaneadunias

° LED UFGIHANTDUAGIUMBINNANTIUR e ufasdn “1” 4 Fa9 -
fInadlele

~ 4 = ' [ 1 2 o g [
® RIATNAGAAUdaNAU 4 Tag wsawmmumumaaﬂ

® nasdusauden 4 ﬁaaﬁww§uﬁaﬁ'ﬂuga QEI (Quadrature Encoder Input)
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®  IITIHUIIAY 0-5V F1RTUNARDY A/D HIBAIT M BUSUAT Lo

° AUNFIRITURI19299I%3 0 Proto area 3X2.5 §in adan3 170 90§10
AAAILHNIAAIITVWIANRTI L6

o HlWiRnsanmonaniwidaszuatiaasnioinesiiveauieon +ov  fa
+16V
2.CDX-30  wasadtnnasuazlusuntuluisasdnsvlulaseanlnsanas PIC
Waz dsPIC ﬁ@;mawﬂ’amomﬂﬁﬂﬁé’ﬁ:

A ' o a

) L%au@aﬂmawmma?mawas‘ﬂagﬂm RS-232

o aunifieamagaunisinauvadivlasasnlniaiaas PIC wULWRT way
dsPic ¢

o lfilluedasldsunsylulasaanlnialans PIC wuuiWas waz dsPic Lo

o 4 o &
e 1Fusaunu MPLAB IDE V6.2 2wl

° AWanTunanyanaaslslunisdin Vlai'hﬁmﬂumsﬁ’rv'ﬁm@wsmmi
AIIIROUNID break  point, NIIHILUTUATULLY Single step  #WIaUUULAY WTDUTI
LRENANITYIN A28

o d' a‘ 3 9/ 9 1

° sanTnalinsaatAntuasvaglulasasnInsaiaas laauawadHIwn1g
AauRILeas

° ULED WReINaNIIM191% POWER (Laean13die IwiRsa)u BUSY (433

anuwianluniariiem) usz ERROR (Uiismnuzanuianana)

° mminémuau%yuﬁ’agaluwmﬂmméwﬁawa’é"ﬁwsaum el

U

lulasraulnsataasle
e gusnlUsunsudaiinuemsrineunarsauainia configuration bit e
o 1FlWiRasannauen +9 fs +16v
o fudauuulugsns 6 97 (modular | jack)iniudemsdyyouiafiade
Auvasahmang (target board) laudinnsdnanasaiuuia ICDYas ICD2 vas Microchip

° lFnulerululasaaulnssimas PIC wunias (@unsu PIC12F/16F/18F)
WazdsPIC ‘qﬂLua%ﬁiaa%’umiﬁﬁ'ﬂlmmma:m{[ﬂmﬂmu:.uu ICSP Laz&I1U1SDLANLE
Teluamaa
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3.1 aammuua:a%’w ﬂai)\‘lslﬂ%%\‘i’l%

3.1.1 awavedgUniniengg
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k-
3.2 aanunmaas‘lum‘smuQuwaamaa‘@mwao %90 PEM

3.2.1 ﬂ’]iaaﬂLLUU’Nﬁliﬂ’me Buck converter I@Ul‘ff TL494

3.2.1.1 ?%o'ﬁﬁ‘hLﬂu'l,umsaaﬂmeaﬁﬁmume:ummumé‘u

fa gunsollumsdu Switching wie gunsal Switch Taorluugr madenls
aunol ﬁﬂﬁﬁ@ﬁa:ﬁwmlﬁmwsﬁmmﬁwﬁ@mn Lﬁaamﬂqﬂﬂminﬂ"ﬁﬁ@ﬁwa@iami
AIVAN NITUALAZLTINWUN LN IR

msaammuqﬂﬂmf“?ﬂﬂumﬁum@ﬁ‘lﬁmLﬁaﬂlﬁﬁmmﬁwmmmu i AT
Microcontroller n13L% IC ﬁﬁqmauﬁﬁlumﬁummwﬁmlumsaammmms Voltage
Current Control #1#1C 108% TL 494 tfasainic TL 494 ﬁqmawﬁﬁmmmﬁ%
WIsuinsudsuanmrsiusianla 2 76 I(ﬂEJflLLiG@T%I%ﬂ’]iLﬂ%EJ‘]JLﬂilll‘ﬂ%a Ve 719
14 fusodu +5 vV udnSelnisiusssuens g ylfeudsuisduiesdoals Voltage
Divider lumsaaszauusesuiiazinanlflumsizomiisy

matmuaauiivas TL 494 Amansafiasvneanle 2 dnwoi Ao nmIeuIn
LazAINNTIN

1. nIwmanudvey TL 494 ’i]’]ﬂﬂ’ﬁﬁ’]%’lmiﬂil‘lfﬁ&lﬂﬁi

1.1
Jo = RTCT

RT = @hmmﬁmmuﬁagjﬁm RT  =ag TL 494  (Nagieanud
Oscillator
CT = @1%a3 Capacitor uuy lifionlFiNan 135319097198 Oscillator

Foee = 0130 Oscillator Aivzain luldaivanyanmeans s

2. MIweauive TL 494 Iﬂﬂlfﬂi'l‘l/ﬂ%ﬂ’]i%’]ﬁﬂuﬂiﬂ'ﬁ’]vl.ﬁ’ﬁ:@nﬂLLGZS’JGIL%’J

Figure 3. Osciliator Frequency versus
Timing Resistance
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3.2.2 NNT9aNLUUI¥T Buck Converter LﬁaLﬂmmdﬁhwaoszuumuqu

WANNIIYN9IUT89 Buck Converter Ltafiazaanuuulwldusssuwlniinduoanauf
dasmy Waulufiddysmsumainululnuanizuadeissdenszuafinarinue
witgheedaaliuuiniaua ausaihanlglunswidanumiissihussanuisiately
duduld  Fefimauleadneniledionsas Buck Converter sunsariwiniiniaunie
wlad 13139¥1N1588NLULI99T Buck Converter Lﬁatﬂmmdaéwwaﬁzuumuqumi
fuImeeg g il
SARALA V, =48 V, V, = 12, R = 0.8, f = 20 kHz

11 Duty ratio

Vo

Vs
12V

48V

D=04

o P o Aa = A & & & o
WIAAILWRWEIUIN N?J%’]@Laﬂﬂq@‘l]aﬂ']ﬂﬁ]iﬂﬂﬂaunaiuﬂ ai‘niﬂuﬂmimd’mmma

(1—0.4)R
Lmin = AT
(1-0.14)%1.7
i (2x20x10ﬂ
Lmin = 12 E'LH

vy lszaninTiamsszaenafusindy 1 %

AV, 1-D

V. 8LCS?

4]

1-0.14
(8x36x10*x20mm2xoog

C = 1562.5 uF



299511R9
M1 L1
|RFP215(1 l A~
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L

AN 3.10 1995 Buck Converter
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- Current Measureent
powergui

|

DC Voltage Source

-

~ir

Series a[_c Sagian!
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Current Measurement

48

% ;rzn_m?‘:

cltage Measurement

Pulse
Generator

Srope

ﬂ’m‘vd; 3.11 74997 Simulation DC-DC Buck Converter
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AT 3.12 HANNT Simulation 71FN Duty=0.4, Vout=12V, Vin=48V, L=12 uH , C=2000 uF

AN 3.13 WAN1T Simulation 7en Duty=0.4, Vout=12V, Vin=48V, =15 uH , C=1500 u F
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ATNN 3.14 NaN1T Simulation ﬁﬂ"] Duty=0.4, Vout=12V, Vin=48V, L=12 uH , C=1500 uF'
ajiﬂmiaammmaﬁ Buck Converter

97MN13 Simulation ¢381U5UATY matlab WuIidn é’at.ﬁuﬂizqﬁvlﬁﬂ'ssanﬂu 1500
uF Uaz L @239zidn 12 uH Lﬁaammn'jﬁméhLﬁuﬂs:qmuﬁamm@ﬁﬁmsl"l,ajﬁma‘f
1562.5 UFWaEAT L7 l§aInnns Simulation (el Lmin = 15 uH Duty = 0. 25 WU
n3zuae ILmin ldoifiasuazfedy Duty aass Fezvnlinsusldsaiionduty udidols
@1 Lmin = 12 uH 91Riwiafl Duty = 0. 4:0.9 ﬂi:LLazTaagﬂu‘[wm@imﬁaoagiua:ﬁmmmﬁn
i WenBpuflsuiufien L= 17uH azfismaluaind uszasellauusedn Output 7115
FDIMITUIRBINIT W96 % Output ag}lwﬁaa 10-15V Duty‘ﬁmmsaﬂi"u"lﬁmanwsﬁa:a;}i
lug14 0.4-0.9 ‘fmimaﬁafﬂ:agjiluiﬁm@imﬁaa

3.23  auunisaii (L) vwiAduwunasialwWlvnulnae ssuazilasiuniy

NIETINVBINTUN L1uD90 MOSFET off luiifiadanld L vwie 12 UH

wnuusAnTUANslanzsn

nesaRan1sNaRnslanzn aviinanansdaaas s (alloy material) {unanlunisna
[~ = zl/ o ar 1 o/ Aﬂltal L d‘
Wluwauilsaziden (fine powder) anduiwuihdnanonantiuasftlnnauTFiduauiuis
o 2/ dl . ] o d’ I o (=1 QI 1
WA UNNILENEARNIA (particle) f1ejeananiy deazifFeuiaiiauduiflunisifingd

5 < v . x e

pudunuiiiadues anduasiianauglunuusimin Selaauinginserauny
wimdnaianslanzdn nazetluginsameants (toroidal shape) udaulug uananniiy

] [ o = e [ % R a ¥ o o dl o
wnuudimvanuuuralanedn aziignianmlunisazanndsuldna st ldiniufamiaoia
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uwarndfauasiniinaassasanoudn eeelsfinn ndeuwlilfazanagludanuifiiaany
udnlige] urazazanaglugiuildifluudivgn (non-magnetic) valuginuaidAnaanany
= 9/°I dl ] qlz 1 < a ar d‘ |

Fuldnn Tansranseginldaneluwnuwivdnatansdanedn  Iaefinsutelszinnansunu
wiwmdnsianslanzdnazuiveanmuaiaanduaulitazeslugiu g =150200 Feay
g fudasuulasuneseyniaviedeunansineg  wananniy unuulmanatinmelans

9

p e ladtauldnidundewdad i1 lueasdidnnse indnnas dautaslwfnaa999asH
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o

= a Y o WY @ e P ° P R Yy &0 o o g o
@ﬁﬁlLL‘LIﬂ@N"]LL@'MﬂiWJ’]Lﬂummumu’l) LWT’]&NMWNN‘MU%M@@NWW F11 L'ﬂum\mﬂﬁ

1 = o

ANszUANMANarlA1gIuarTl AnuantiR lunn 28 s U991 (energy  storage) Fausia
uilaslsfinliFesnsguisaniAdanany insanidiesnssuaausindngeonnedaingelniia
gruAnariAga wazuiivsnaewiewladlifinadiemndam (energy transfer) Ldld
ATAUNANU

uddnafamslanzdnazuiseaniiua nia 18uA Molypermalloy, High Flux WAy

® = -
Kool Mu GN4RZATH1T0 L‘]_E‘HULV]FJU&LNW']?'N

A 0 e &
ANAN 3.15 LLNBLULRINLUUNBRD Y

= at P ;
A1319% 3.1 MISeuLnay powder core LG ¢

MPP High Flux Kool Mu

1 = o dl
AR NgeyLde luuny ANgn unans AN
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prnauTalAuaz ludanszLanss 497N 49040 49




52

AN LUULA LI UIIUAN (NNER) 7,500 15,000 10,500
goutlsznavdiing 80% 50% 0%
7P aN U1unans A7

nMaudndn i axdenlflunuursumimeaiesamisiizessisrunnm
WearumanInazd s iaidanlFunueiauniL = AN Lﬁaﬁmsmmﬂg@nﬁamﬁum
anunisrhfidasnsldlusasmsassmnodiuasle A LLa:ﬁWmﬁvl,é’Lﬂ%yuLﬁﬂuiaga
me'mgijm’ﬁﬂLLa:Lﬁanl"ELmuﬁmm:m mydanldarafozu i swue L aieinaed
FaafinsLdufiian fa vuev0903 ULERI993NT09309TUUATUUIG RN 19T B IUN
fminiumeldgag

3.24 sz (©) 1ludinvasusiduaneanaesNamassesinaewiaf

Laasiinatanlwen ripple voltage Tettan wananfigsvniniienszualimulnandnaas

lufiilld ¢ 3w 1000LLF 100V

15191 3.2 ﬁfT@LLazﬂjﬁmaaé’atﬁuﬂngﬁlﬂmﬁ'ﬂﬂ

5ia mmaﬂﬂﬁh AN LTINS msﬂs:qnﬁl"ﬁ'@m guanyd
L8N e lauwatgs iy 500Hz —
10pF — 1uF | 50V = 30kV 1
(Ceramic) U9l 500 MHz
. o T O\ ol Gn 1
- §1389R R ITURUIBLAY
0.1 —1F 15-86V 109 (memory kHz
(Dubble layer) backup)
. _ @mnan 1
Bialasladin 0.1pF — NITNTBIURRIT 8RS "
3-600V L z
(Electrolytic) 1.6uF §I0TY
. y 1kHz - 5
w7 (glass) | 10-1000 pF | 100-600 V WATANAEGS

GHz




. 1pF - r 1kHz -5
T (Mica) 100-600V 1T NNAF
0.01uF GHz
) nenlduwsuazldiy | 500 Hz-
luan§ (Milar) | 1nF - 50pF | 50-600 V .
w9l 500 MHz
. 200v - 10 _ i 1
W3(Oil) 0.1 — 20 pF WIINITBIUTIAUFS
kv kHz
NITNTRIRYLIBIWIA
Dc —
TnaanTu 10pF — 2.7 | 100600V | \@ndgmnngs uaz
: 1000MHz
YUR LA Q)
WITNTOIRYYIUNIA
TwRafiTu 10pF —2.7 | 100 - 600V |  (&NJAIMNED Uaz
. 1000MHz
20 AT
(=
1aymian 100pF — &d 500Hz -
50 — 400V Tonwleiwn
(Porcelain) 0.1uF 500 MHz
LNUNIRY f1n3n 1
0.1- 500uF | 6- 100 V A nihgs
(Tantalim Wiz
WWaan Dc -
inF — 2uF 50 - 200V amNINLLEaT Dielectric
(Teflon) 1000MHz
grgne 500Hz-
1-5000uF 2- 36 kV LASDIRIFTY I
(Vacuum) 500MHz

3. va@mWe ( MOSFET )

]
Q 2 A
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vwihnlunssiedelWidhglnaalasldiudyanasugu
nnEwtnsRyyne laoluifiazifanld Power MOSFET wwa¥ IRFP 4710



54

4. lalaa ( Diode ) thwiihflilu Free Wheeling Diode luai9i MOSFET wye

dnszug ldnszuglwariiuldatsdaliio loslufiiazifanld Utra fast diode Lua¥
MUR 3060 PT

3.2.5 8aNWUU9T Start T2UU PEMFC lagld Microcontroller
3.2.5.1 1a3598319789 dsPIC30F2010

28-Pin SDIP and SCiC

MCLR 28 Avoo
EMUDYANCAer+/CNXRBE 27 Avss

EMUCHAN1MVREF-ICNRBT 25 PWILIRED

AN2BSTAVDINTNARB2 25 PAIHREY

[
]
.

ANBINDXICNE/RE2 [ & 2400 PWMRLIRED
ANHGEMICZ/ICNERBA [ 3 23[ PWMEHRE3
ANSIQEBACBICNTIRES. O o2 PWM3LIRE4

Ves 3 S 217 PWM3HIRES
OSCHCLKE [ v 2600 VoD
OSCACLKOIRCIE 40 2 187 Vss
EMUDV/SOSCUTSCKIUMATAICNIIRCTS O+t ©  18[ PGUEMUCIUTRXSDH/SDARF2
EMUC/SOSCOMICKU1ARXCNG/RCA [ 12 177 PEOEMUDIITIUSDOYSCLIRES
Voo 13 16 (7 FLTAINTOISCKIIOCFARES
EMUDZIOC2AC2INT2RDT [ 14 15 ] EMUCIOCICHINT4/RDS

AN 3.16 las9a319089 Microcontroller

oA o = :;d ' v & =l Qe
mqmaan’lxﬁ Microcontroller mamumiﬂizmawaﬂaummaua:mmaumma
mwﬁmﬁaamiﬂmawﬂaLﬁmaummmgﬂﬁmﬂ datasheet NMANKIN

3.2.5.2 TUABUMTAIIUTD97993 Microcontrolier fivnsnaniuy

\Havianns ON: main switch 927 1% Microcontroller 13u%9ulas Microcontroller
ﬁ]:vl,ﬂébﬂﬁ Solenoid valve Hydrogen Input ON (Relay NO 2) IR LA Hydrogen 1wa
Wl gsen LéﬁaﬁL%aLwﬁoI@ﬂa:ﬁﬂaﬂuagjmamam%:ﬁﬁms OFF - fidialiia OFF main
switch lun i@l Solenoid valve Hydrogen output ON- 6 s(Relay NO 3) L%@J‘ﬁﬁad
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nnmwh 4.1 Junsdevdamasitawdinulraadiinniefing  lagazrirmasinia

loviwagegauadmadiioinds laatmuaussdu uszguvgifiendneg WNafnwinaas
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aslin 12 v aefl
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A1519N 4.1 nagaunulraadlannTading Aussaulalasiaw 0.2bar QUMNALTAT 30°C-37°C

P set (W) LIIA% (V) NS (A) Pout (W)
20 433 0.45 19.4
60 39.5 1.50 59.2
100 37.4 2.65 99.1
140 35.2 3.95 139.0
180 33.1 5.41 179.0
220 30.0 7.33 219.9

lﬂl e a & 3 s o o 4
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A15197 4.2 naraunulnandildnnsaing Aussaulalasian 0.3bar DUMNTLTAR 30°C-37°C

P set (W) HIIA (V) n3zUA (A) Pout (W)
20 45.2 0.43 19.4
60 41.2 1.44 59.3
100 38.3 2.60 99.5
140 36.3 3.83 139.0
180 33.1 5.42 179.4
220 30.0 7.02 210.6

| o oy 6 1 s o_ %
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a19191 4.3 nagaunulnaadiannsefing fusseulalesian 0.4bar aIMNTILTAR 30°C-37°C

P set (W) HIIA (V) nIzud (A) Pout (W)
20 46.0 0.42 19.3
60 415 1.43 59.3
100 38.7 2.57 9’9.4
140 36.0 3.89 140.0
180 314 5.71 19.2
220 30.0 6,49 194.7
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A13191 4.4 negaunulnaadiinniafing Ausseulalasiaw 0.2bar paMNTLTaN 25°C-29°C

P set (W) HIIAH (V) NIZUE (A) Pout (W)
20 425 0.46 19.5
40 40.1 0.99 39.7
60 37.6 1.59 59.7
80 35.2 2.25 79.2
100 31.2 3.04 94.8
120 30.6 3.82 116.8
140 30.6 453 138.6
160 30.0 4.85 145.5
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A19191 4.5 nagaunuluaadldnnsaing fAusseulalasian 0.3bar oUMNLTAN 25°C-29°C

P set (W) U39AW (V) N3ZUEA (A) Pout (W)
20 435 0.45 19.5
40 40.6 0.97 39.3
60 38.1 1.56 59.4
80 35.9 2.22 79.6
100 33.2 2.99 99.2
120 31.1 3.79 117.8
140 30.0 4.59 137.7

‘:‘ o Qs 6 1 Qs o Qs
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A157197 4.6 naraUNuInandlANNTaing Aussaulalasiaw 0.4bar panNTLTas 25°C-29°C

P set (W) 39K (V) ATzud (A) Pout (W)
20 431 0.45 19.3
40 40.1 0.98 39.2
60 36.6 1.63 59.6
80 33.6 2.34 78.6
100 31.3 3.16 98.9
120 30.0 3.92 117.6
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4.4 nadauza Voltage Control DC-DC Buck Converter
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42 12.32
40 12.32
38 12.30
36 | 12.29
34 12.29
32 12.27
30 12.28
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AMARWIN N.

Tﬂmnwﬁ‘lﬁumimuqu dsPIC30F2010

#include<p30F2010.h>

#include<ports.h>

#include<stdio.h>

#include<dsp.h>

#include<timer.h>

#define sw_start PORTFbits.RF2

#define Relay1 LATEDbits.LATEQ

#define Relay2 LATEDbits.LATE1

#define Relay3 LATEDbits.LATE2

#define Relay4 LATEDbits.LATE4

_FOSC(CSW_FSCM_ON & XT_PLL4);

_FGS(CODE_PROT_OFF);

_FWDT(WDT_OFF);

unsigned long t1s,t7s,t10s,ss,
t1s_count,t7s_count,t10s_count;

void delay_ms(unsigned int ms)



unsi.gned int x,a;

for(x=0;x<ms;x++)

for(a=0;a<816;a++);

void int_t1_init()

IECObits.T1IE = 1;
unsigned long match_value;
ConfigIntTimer1(T1_INT_PRIOR 7 &
T1_INT_ON);
WriteTimer1(0);
match_value = 7373; /l at TmS
OpenTimer1(T1_ON &
T1_GATE_OFF &
T1_IDLE_STOP &
T1_PS_1.1&
T1_SYNC_EXT_OFF &

T1_SOURCE_INT, match_value);



void _ISR _T1Interrupt(void)

{
IFSObits.T1IF = 0;
WriteTimer1(0);
t10s_count++;
if (t10s_count >= 10000)
{
RE2();
t10s_count = 0;
}
}
void RE2()
{
Relay2 = 1;
}
void RE3()
{

while(sw_start)

Relay3 = 1;



delay_ms(200);
Relay3 = 0;

delay_ms(8000);

int main(void)

TRISFbits. TRISF2 = 1;
TRISEDbits. TRISEO = 0;
TRISEDbits. TRISE1 = 0;
TRISEbits. TRISE2 = 0;

TRISEDbits.TRISE4 = 0;

Relay1 = 0;
Relay2 = 0;
Relay3 = 0;
while (1)
{

if(sw_start == 0)



while(lsw_start)

int_t1_init();
Relay1 = 1;
RE3();

dy I dl Y o L ¥ dl = 1 gj 1 ¥ o 4 6 Y ¥
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Note the foliowing details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip's Data
Sheets. Most likely, the person doing so is engaged in theft of inteliectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical
components in life support systems is not authorized except
with express written approval by Microchip. No licenses are
conveyed, implicitly or otherwise, under any intellectual
property rights.
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MICROCHIP dsPIC30F2010

28-pin dsPIC30F2010 Enhanced Flash
16-bit Digital Signal Controller

Note: This data sheet summarizes features of this group Peripheral Features:

of dsPIC3OF devices and s not intended to be a complete » High current sink/source /O pins: 25 mA/25 mA
reference  source. For more  information ‘on: the “CPU; o . )
peripherals; register ‘descriptions” 'and general  device + Three 16-bit timers/counters; optionally pair up
functionality, refer. to-.the dsPIC30F Family Reference 16-bit timers into 32-bit timer modules

Manudl (DS70046). For more information-on. the device . ; ; .

instruction ‘set and: programming, “refer to the d$PIC30F Four 16-bit Capture input functions
‘Programmer’s Reference Manual (DS70030); . * Two 16-bit Compare/PWM output functions

- Dual Compare mode available

High-Performance Modified RISC CPU: » 3-wire SPI™ modules (supporis 4 Frame modes)
« Modified Harvard architecture + 12C™ module supports Multi-Master/Slave mode
+ C compiler optimized instruction set architecture and 7-bit/10-bit addressing
+ 84 base instructions with flexible addressing * Addressable UART modules with FIFO buffers
modes
« 24-bit wide instructions, 16-bit wide data path Motor Control PWM Module Features:
» 12 Kbytes on-chip Flash program space + 6 PWM output channels
* 512 bytes on-chip data RAM - Complementary or Independent Output
= 1 Kbyte non-volatile data EEPROM modes
* 16 x 16-bit working register array - Edge and Center Aligned modes
« Up to 30 MIPs operation: = 4 duty cycle generators
- DC to 40 MHz external clock input + Dedicated time base with 4 modes
- 4 MHz-10 MHz oscillator input with * Programmable output polarity
PLL active (4x, 8x, 16x) ‘ + Dead time control for Complementary mode
* 27 interrupt sources * Manual output control '
* Three external interrupt sources + Trigger for synchronized A/D conversions
« 8 user selectable priority levels for each interrupt
+ 4 processor exceptions and software traps Quadrature Encoder Interface Module
Features:

DSP Engine Features:

» Phase A, Phase B and Index Pulse input

* Modulo and Bit-Reversed modes * 16-bit up/down position counter
» Two, 40-bit wide accumulators with optional = Count direction status
saturation logic

* Position Measurement (x2 and x4) mode
. _17—b|t X 17-t?it .single cycle hardware fractional/ « Programmable digital noise filters on inputs
Integer multiplier * Alternate 16-bit Timer/Counter mode

’ Single-cycle Multiply-Accumulate (MAC) * Interrupt on position counter rollover/underflow
operation

» 40-stage Barrel Shifter

Analog Features:
* Dual data fetch

+ 10-bit Analog-to-Digital Converter (A/D) with:
- 500 Ksps (for 10-bit A/D) conversion rate
- Six input channels
- Conversion available during Sleep and Idle

» Programmable Brown-out Detection and Reset
generation

© 2004 Microchip Technology-Inc. Preliminary DS70118E-page 1



dsPIC30F2010

Special Microcontroller Features: + Detects clock failure and switches to on-chip low

power RC oscillator
» Enhanced Flash program memory:

) ) + Programmable code protection
- 10,000 erase/write cycle (min.) for * In-Circuit Serial Programming™ (ICSP™)
industrial temperature range, 100K (typical) Selectable P M t mod
- Data EEPROM memory: electable Power Management modes

- 100,000 erase/write cycle (min.) for - Sleep, Idle and Alternate Clock modes

industrial temperature range, 1M (typical)

* Self-reprogrammable under software control CMos TeChnomgy:

+ Power-on Reset (POR), Power-up Timer (PWRT) *+ Low power, high speed Flash technology
and Oscillator Start-up Timer (OST) « Wide operating voltage range (2.5V to 5.5V)

* Flexible Watchdog Timer (WDT) with on-chip low * Industrial and Extended temperature ranges

power RC oscillator for reliable operation

» Low power consumption
» Fail-Safe clock monitor operation

dsPIC30F Motor Control and Power Conversion Family*

Device | pins |, Byes| AN [EEPROM| Tmr npur| G| GOTL, Ao to cuas | (£ |2 | 2
Instructions PWM PWM S| =

dsPIC30F2010 | 28 12K/14K | 512 | 1024 3| 4 2 6 ch 6ch | Yes | 1|1 1]-
dsPIC30F3010 | 28 | 24K/BK T1024 1024 | 5 d=a L 6ch o 6ch of Yes | 1] 111 |~
dsPIC30F4012 | 28 | 48K/16K ;| 2048| 1024 | 5 | 4 1 5 6ch | Bon | Yes | 1111
dsPIC30F3011 | 40/44 |  24K/8K 10_24T 1024 | 5 | 4 4 6.ch 9ch Yes | 21 4 =
dsPIC30F4011 | 40/44 | 48K/16K | 2048 | 1024 5 4 14 . 6ch 9ch jYes |2 /4] 1]1
dsPIC30F5015 | 64 | 66K/22K | 2048 | 1024 | 5 | 4 4 8ch 16ch | Yes [ 102 1|1
dsPIC30F6010 | 80 | 144k/48K {78192 40964 5 | 8 1 8 8ch [ d6ch |Yes 2|2 1|2

* This table provides a summary of the dsPIC30F2010 peripheral features. Other available devices in the dsPIC30F
Motor Control and Power Conversion Family are shown for feature comparison.

DS70118E-page 2 Preliminary ©® 2004 Microchip Technology Inc.




dsPIC30F2010

Pin Diagrams

28-Pin SDIP and SOIC

MCLR []1 287 AVDD
EMUD3/ANO/VREF+/CN2/RBO [ 2 27[1 Avss
EMUC3/AN1/VREF-/CN3/RB1 []3 267 PWM1L/REQ
AN2/SS1/CN4/RB2 4 250 PWM1H/RE1
AN3/INDX/CN5/RB3 []5 > 2417 PWM2L/RE2
AN4/QEA/IC7/CNB/RB4 g . B 23] PWM2H/RE3
ANS5/QEB/IC8/CN7/RB5 7 Q 22 PWM3L/RE4
Vss []8 2 21[] PWM3H/RE5
OSC1/CLKl ]9 N 207 Vop
OSC2/CLKO/RC15 [] 10 2 19[] Vss
EMUD1/SOSCIT2CK/UTATX/CN1//RC13 [ 11 o 18[J PGC/EMUC/U1RX/SDI1/SDA/RF2
EMUC1/SOSCO/T1CK/U1ARX/CNO/RC14 [] 12 17 [[] PGD/IEMUD/U1TX/SDO1/SCL/RF3
vop [ 13 16 [J FLTA/INTO/SCK1/OCFA/RES
EMUD2/OC2/IC2/INT2/RD1 [} 14 15[ EMUC2/0G1/IC1/INT1/RDO
28-Pin QFN
-
mm
re
o N
p-—a
QLY
ot
| KV
LU L
xXo
22 °n
zZZ ul
< xrx
e i
OO0 5,55
22|11 8o wn
(@]
2222283
O M~ O K <t DN
AN NNNNNN
AN2/SS1/CN4/RB2 | 1 @ 21| PWM2I/RE2
AN3/INDX/CN5 RB3 | 2 20 | PWM2H/RE3
AN4/QEA/ICT/CNG/RB4 | 3 19 | PWM3L/RE4
ANS5/QEB/IC8/CN7/RB5 | 4 dsPIC30F2010 18} PWM3H/RES
Vss | 5 17 | Vop
OSC1/CLKIN | 6 16} Vss
OSC2/CLKO/RC1S | 7 o + 151 PGC/EMUC/UTRX/SDI1/SDAIRF2

VoD

EMUD1/SOSCI/T2CK/U1ATX/CN1/RC13 | 8
EMUC1/SOSCO/T1CK/UTARX/CNO/RC14 | 9
EMUD2/OC2AC2/INT2/RD1 |11
EMUC2/OC1/IC1/INT1/RDO |12
FLTA/INTO/SCK1/OCFA/RES 113
PGD/EMUD/U1TX/SDO1/SCL/IRF3

© 2004 Microchip Technology Inc.
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@ Bouton de réglage a faible couple, verrouillable par
enfoncement
Avec condamnation de sécurité en option

® Plein débit sur les orifices pour manomeétres, en
standard

® Montage sur panneau ou par équerre de fixation.

@ Soupape de décharge intégrée permettant de régler
la pression secondaire, méme en cas de circuit sans
consommation d’air.

Caractéristiques techniques
Fluide :
Air comprimé
Orifices :
G%-Gl%
Pression primaire maxi :
2000 kPa (20 bar)
Température d'utilisation :
maxi + 65°C
Pression de sortie :
30 a 700 kPa (0,3 a 7 bar) standard
10 a 70 kPa (0,1 a 0,7 bar) en option
30 & 350 kPa (0,3 a 3,5 bar) en option
30 a 1000 kPa (0,3 a 10 bar) en option
Réglage :
Par bouton avec blocage.
Orifices pour manométre :
Rl
Manometre toujours & commander séparément, voir derniére page
Débit maxi pour une pression d’entrée de 1000 kPa (10 bar),
une pression de sortie de 630 kPa (6,3 bar) et une chute de
pression de 100 kPa (1 bar) :
7,5 dmd/s
Matériaux :
Corps en zamak. Bouton de réglage en résine acétal. Joints
en caoutchouc synthétique.

RO7

Régulateur de pression miniature

G% et G4

Pour commander

Pour un appareil standard, indiquer la référence
sélectionnée dans le tableau au verso.

Pour un appareil non standard remplacer les
caractéres de la référence suivant les indica-
tions des modéles en option.

, -
st G P

Avec soupape Sans soupape
de décharge de décharge

SOFT 01/98

8.6.051.01
B4.4.010
F4.3.7-1

T
—_



(?5) NO RGHR EN ’ Manomeétres

A
NUX

MANOMETRES STANDARD

Type B: manomeétres de base

[0 Modéles disponibles:

G1B: raccordement a I'arriere & 40, 50, 63

G2B: raccordement en dessous & 40, 50, 63
G3B: montage sur panneau par étrier & 50, 63
G7B: montage sur panneau par collerette & 50, 63

Type M: manomeétres en métal

O Modéles disponibles:

G1M: raccordement & l'arriére & 100

G2M: raccordement en dessous & 100

G3M: montage sur panneau par étrier & 100
G7M: montage sur panneau par collerette & 100

Type G: manomeétres a glycérine

O Modéles disponibles:

® G1G: raccordement a l'arriére & 63, 100

® G2G: raccordement en dessous & 63, 100

®  G3G: montage sur panneau par étrier @ 63, 100

® G7G: montage sur panneau par collerette & 63, 100

Type R: manométres en acier inoxydable

Exécutions entiérement en acier inoxydable & 63, 100 ou 160 mm disponibles avec différents raccordements et pres-
sions. Quelques modéles en stock, veuillez nous consulter.

EXECUTIONS SPECIALES

® En métal ou a la glycérine, avec un ou plusieurs
contacts électriques

De trés grande précision

Pour trés basses ou trés hautes pressions

A différentiel

Etanches

A membrane, capsule ou soufflet

Electroniques de précision

SOFT 03/98 Dimensions en mm - Sous réserve de modifications 1 03001 . 0 1
‘ B4.9.080-1
F4.4.1-1



N
Ay

X Manomeétres
lonnées techniques, numéros de type et dimensions
G1 G1
Type B: J40, 50 ou 63 Type M: 100
G: 63 G: 100
¢
= 1) an
W
e /J° S —
ki ®
! _@_—T \K’J
B B
G2 G2 G2
Type B: J40, 50 ou 63 Type G: J 63 Type M: & 100
G: & 100
] D
c
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. =4 =
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B c
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Type B: 50 ou 63 Type M: & 100
G: J63 G: 100
B c
i dE
e :
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T e
Voir tableau des types disponibles page 10.3,001-04
03001 02 Dimensions en mm - Sous réserve de modifications SO FT 03/98

4.9.080-2
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Données techniques, numéros de type et dimensions

B = MANOMETRES
DE BASE

® Matériaux utilisés:

raccord en laiton

*1/8” BSP pour & 40 et 50 mm
*1/4” BSP pour &J 63 mm

sur demande pour quantités “NPT”
- tube manométrique en bronze

- bottier et cadran en ABS

® Répétitivité:
+ 1,6% classe suivant DIN 16005
® Applications:

pour tous fluides non-corrosifs
entre -20°C et +60°C (fluide max.

+60°C)

Graduations disponibles: voir tableau page 10.3.001.04

M =MANOMETRES

EN METAL

® Matériaux utilisés:

raccord en laiton 1/8” BSP
(sur demande NPT)
- tube manométrique en bronze
- voyant en PMMA plastique
- bottier acier inoxydable

(AISI 304)
Répétitivité: -
+ 1% classe suivant DIN 16005
Applications:
pour tous fluides non-corrosifs
entre -20°C et +60°C (fluide max.
+60°C)

Y\

5 U
Manomeétres “’5’

G =MANOMETRES
A GLYCERINE

® Matériaux utilisés:

raccord en laiton

*1/4" BSP ou NPT pour & 63 mm

*1/2" BSP ou NPT pour & 100 mm

- boitier et cadran en ABS pour & 63 mm

- boftier en acier inoxydable (AlSI 304) pour
100 mm

- voyant en PMMA plastique pour & 100 mm

- fube manométrique en bronze

Répétitivité:

+ 1,6% classe suivant DIN 16005 pour & 63 mm
+ 1% classe suivant DIN 16005 pour & 100 mm
Applications:

en cas de vibrations, pulsations et chocs pour
tous fluides non-corrosifs entre -20°C et +60°C
(fluide max. +60°C)

Dimensions type B

Type %] A B C D D1 D2 E F G* H I J K SW
G1B43 40 44 26 Al 14
G2B43 40 23 Gl 36 8 12
G1B53 50 48 27 50 14
G2B53 50 27 50 45 10 14
G1B63 63 49 28 63 14
G2B63 63 28 63 54 10 14
G3B50 50 49 27 50 54 4,5 57 66 14
G7B50 50 71 49 27 50 6 60 3,5 14
G3B63° 63 47 29 63 68 4,5 70 79 14
G7B63 63 85 47 29 63 6 75 35 14

Dimensions type M
Type %) A B C D D1 D2 F G* H | J K SW
G1M100 100 82 48 99 101 17 30 22
G2M100 100 50 101 99 17 118 16 22
G3M100 100 82 50 99 101 107 5 109 125 30 22
G7M100 100 132 82 50 99 8 116 5 30 22

Dimensions type G
Type %] A B C D1 D2 E F G* H | J K SW
G1G63 63 54 30 63 14
G2G63 63 27 68 63 5 54 12 14
G3G63 63 54 33 63 68 5 72 87 14
G7G63 63 85 54 30 63 9 35 14
G1G100 100 81 48 99 107 9 30 14
G2G100 100 48 107 100 8 87 16 22
G3G100 100 81 48 99 99 107 9 109 125 30 22
G7G100 100 132 81 48 99 10 116 5 30 22

* Raccordement: voir tableau des types disponibles page 10.3.001.04
Remarque générale: Exécutions spéciales (pour grandes quantités): - personnalisées au nom de firme, marque, logo
- possibilité d'impression jusqu’a 5 couleurs

- échelles avec indication mini-maxi.

SOFT 03/98

Dimensions en mm - Sous réserve de modifications

10.3.001.05
B4.9.080-5
F4.4.1-3
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Manomeétres
NS
rode des numéros de types:
o Racc. arriére = Base 43 (T 40) 1/8"
(2) Race. , = Métal 53 (2 50) 174" BSP
G en dessous
Press.
@ Mont. panneau ‘ = Glycérine 63 (7 63) 3/8" NPT
par étrier
(4) Mont. panneau (R) = Inox 100 (& 100) 172" K1 ()
par collerette Désignation
iénomination U de la Type
générale Modéle Exécution Diameétre pression max. Racc. de filet (**)
‘) K1 = désignation spéciale Classe 1 uniquement pour & 100. (**) Sans aucune mention, nous fournissons en BSP.

'our les modeles standard (voir tableau des types disponibles ci-dessous) I'indication “raccordement en BSP” tombe dans le n° de
/pe. Mentionner “K1” uniquement pour les & 100 mm.

temarque: Toutes les combinaisons mentionnées ci-dessus ne sont pas possibles, voir d’abord le tableau ci-dessous pour les
- manométres en stock ou consultez-nous pour les exécutions spéciales.

x. de commande: 1) Manomeétre standard & 40 mm, pression 0 & 10 bar, raccordement 1/8” BSP: G1B4310
2) Manométre a glycérine, & 100 mm, pression 0 & 60 bar, raccordement 1/2” BSP pour montage sur panneau:

G3G10060K1 :
3) Manométre en inox J 63 mm, pression 0-a 10 bar, raccordement 1/4” NPT pour montage sur panneau:
G7R63101/4NPT
ableau des types disponibles (autres modéles sur demande)
Jode: = en stock [:l = sur demande (avec délai)
Pressjz: :2 [so M ite] Dt_u oo (o} ol el 8
barf‘,;,};; Nr\'é‘«o{‘—g:‘ﬁ-@ 21218121822 KRN2|8|2
Type SN |2 2 TN|C| S| T [0 C |0 |0 AT | AT {AT|AT}AD|AT | T @ | AT |40 | ©
(I AR A ] Ol |o|c|lo|jo|lo|o S| jo|ocjojio|o oj|lo|lo|o
51B43 1/8”
51B53 1/8”
31G63 14"
531G100 12"
51B63 1/4
51M100 1727
52B43 1/8”
32B53 1/8”
52G63 1/4”
532G100 1/2"
532B63 1/4”
52M100 172"
33G63 1/4”
53G100 172"
53B63* 1/4”
53M100 172"
33B50 1/8”
57B50 1/8”
57G63 1/4"
37B63* 1/4”
37G100 12" | .
37M100 112" : | L[]
our autres échelles, nous consulter. * Exceptionnellement en 1/8” jusqu'a épuisement du stock.
O 3001 06 Dimensions en mm - Sous réserve de modifications SO FT 03/98
14.9.080-6
‘4.4.1-4
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FAIRCHILD

SEMICOND

40A, 100V, 0.055 Ohm, N-Channel Power
MOSFET

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tested, and guaranteed to withstand a specified level of
energy in the breakdown avalanche mode of operation. All of
these power MOSFETs are designed for applications such
as switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits.

Formerly developmental type TA17431.

Ordering Information
PART NUMBER PACKAGE BRAND
IRFP150 TO-247 IRFP150

NOTE: When ordering, include the entire part number.

IRFP150

January 2002

Features

* 40A, 100V

* IpS(ON) = 0.055Q

. Single Pulse Avalanche Energy Rated
¢ SOA is Power Dissipation Limited

* Nanosecond Swiiching Speeds

* Linear Transfer Characteristics

¢ High Input Impedance

* Related Literature

- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards”

Symbol

Packaging

JEDEC STYLETO-247
TOP VIEW

DRAIN
(FLANGE)

SOURCE
DRAIN
GATE

©2002 Fairchild Semiconductor Corporation
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IRFP150

Absolute Maximum Ratings T¢ = 25°C, Unless Otherwise Specified

IRFP150 UNITS
Drain to Source Voltage (Note 1) . .. .. ...t i e e e Vps 100 \
Drain to Gate Voltage (Rgg =20kQ) (Note 1) . ... ... it i it VbGR 100 \'%
Continuous Drain CuIrent . ... .. .. . i e Ip 40 A
T =1000C e Ip 26 A
Pulsed Drain Current (Note 3) . . ... .. ... i e e e Ipm 160 A
Gateto SourceVoltage .. .. ... . i e Vas 20 \
Maximum Power Dissipation ... ... ... . . Pp 180 w
Linear Derating Factor. ... ... ottt e e 1.44 wrC
Single Pulse Avalanche Energy Rating (Note 4) . ... ... .o e Eas 150 mJ
Operating and Storage TemMperature .. ... ....uoite it tn et ittt e ie e Ty, TgTG -55 to 150 °c
Maximum Temperature for Soldering
Leads at 0.063in (1.6mm) from Case for 10S. .. ..o vvurn i e T 300 °c
Package Body for 10s, See Techbrief 334 . . . .. ... ... ittt s Tpkg 260 °c

CAUTION: Siresses above those listed in “Absolute Maximumn Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. Ty =25°C to 125°C.

Electrical Specifications T = 25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Voltage BVpgs | Vas =0V, Ip =250uA (Figure 10) 100 - - \Y
Gate to Threshold Voltage Vas(tH) | Yas = Vs, Ip = 250pA 2.0 . 4.0 \%
Zero-Gate Voltage Drain Current Ipss Vps = Rated BVpgs, Vgag =0V - - 25 pA
Vps = 0.8 x Rated BVpgs, Vgs = 0V, T, = 125°C - - 250 HA
On-State Drain Current (Note 2) ID(ON) Vpg > ID(ON) x 'DS(ON)MAX; Vgg =10V 40 - - A
Gate to Source Leakage lgss Vas = +20V - - +100 nA
Drain to Source On Resistance (Note 2) 'DS(ON) | Vas =10V, Ip = 22A (Figures 8, 9) - 0.045 | 0.055 Q
Forward Transconductance (Note 2) Ois Vpg = 20V, Ip = 20A (Figure 12) 13 20 7 S
Turn-On Delay Time tD(ON) Vpp = 50V, Ip = 40A, Rgg =6.8Q, R; = 1.2Q - 15 24 ns
Rise Time t, MOSFET Switching Times are Essentially - 140 210 ns
independent of Operating Temperature
Turn-Off Delay Time to(OFF) - 60 89 ns
Fall Time t - 90 140 ns
Total Gate Charge Qg(TOT) Vs = 10V, Ip = 40A, Vpg = 0.8 x Rated BVpgs. - 70 110 nC
(Gate to Source + Gate to Drain) lg(reF) = 1.5mA (Figure 14)
Gate to Source Charge Qgs Gate C.harge is Essentially Independent of By 20 R nG
Operating Temperature
Gate to Drain “Miller” Charge Qqqd # 30 - nC
Input Capacitance Ciss Vas =0V, Vpg = 25V, f = 1.0MHz (Figure 11) - 2000 - pF
Output Capacitance Coss - 1000 - pF
Reverse-Transfer Capacitance Crss - 350 - pF
Internal Drain Inductance Lp Measured from the Drain | Modified MOSFET - 5.0 - nH
Lead, 6mm (0.25in) from | Symbol Showing the
the Package to the internal Devices
Center of the Die Inductances
Internal Source Inductance Lg Measured from the - 12.5 - nH
Source Lead, 6mm
(0.25in) from the Header
to the Source Bonding
Pad
Junction to Case ReJc - - 070 | °cw
Junction to Ambient ReJA Free Air Operation - - 30 o°c/wW

©2002 Fairchild Semiconductor Corporation IRFP150 Rev. B



IRFP150

Source to Drain Diode S

pecifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Continuous Source to Drain Current Isp Modified MOSFET D - - 40 A
. p Symbol Showing the
Pulse S to Drain Ci t (Note 3 | - - 170 A
ulse Source to Drain Current (Note 3) SDM Integral Reverse P-N
Junction Diode
G
)
Source to Drain Diode Voltage (Note 2) Vsp Ty =25°C, Igp = 40A, Vgg = OV (Figure 13) - - 2.5 \
Reverse Recovery Time ter Ty = 25°C, Igp = 40A, digp/dt = 100A/us 98 - 530 ns
Reverse Recovered Charge Qrr Ty =25°C, Igp = 40A, digp/dt = 100A/us 0.41 - 2.5 uC
NOTES:
2. Pulse Test: Pulse width < 300us, duty cycle < 2%.
3. Repetitive Rating: Pulse width limited by Max junction temperature. See Transient Thermal Impedance curve (Figure 3).
4. Vpp = 10V, starting T = 25°C, L = 170uH, Rg = 50Q, Peak Ipg = 40A.
Typical Performance Curves uniess Otherwise Specified
1.2 50
&
5 1.0 40
& <
ar = M
=)
= 0° B 4 \\
8 o N
E 06 =) N
< . (3} ~
& z ™
% = 20 g
S 04 = \\
x o \
g 10 \
0.2
e
0 0
0 50 100 150 25 50 75 100 125 150

T¢, CASE TEMPERATURE (°C)

FIGURE 1. NORMALIZED POWER DISSIPATION vs CASE

Tc, CASE TEMPERATURE (°C)

FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE

w
<
a =05
% L =
3 = 0.2
‘Et 0.1 = 0.1 _L H
& = 0.05 =t B
g Eo - Ppm i
= = 0.02 B
= st ol t -
4 g2 =001 L~ I_) =<1 |
E NOTES: H
= SINGLE PULSE DUTY FACTOR: D = t4/tp I
Qe PEAKT =PpmxZgyc xRgygc+Te
N 108 ' |||H” | N N IR L1l

10-5 10-4 10-3 10-2 0.1 1 10

t1, RECTANGULAR PULSE DURATION (S)

FIGURE 3. NORMALIZED MAXIMUM TRANSIENT THERMAL IMPEDANCE

©2002 Fairchild Semiconductor Corporation
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IRFP150

Typical Performance Curves uniess Otherwise Specified (Continued)
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FIGURE 9. NORMALIZED DRAINTO SOURCE ON
RESISTANCE vs JUNCTION TEMPERATURE
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IRFP150

Typical Performance Curves Unless Otherwise Specified (Continued)
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National
Semiconductor

LM2576/LM2576HV Series

August 2004

SIMPLE SWITCHER® 3A Step-Down Voltage Regulator

General Description

The LM2576 series of regulators are monolithic integrated
circuits that provide all the active functions for a step-down
(buck) switching regulator, capable of driving 3A load with
excellent line and load regulation. These devices are avail-
able in fixed output voltages of 3.3V, 5V, 12V, 15V, and an
adjustable output version.

Requiring a minimum number of external components, these
regulators are simple to use and include internal frequency
compensation and a fixed-frequency oscillator.

The LM2576 series offers a high-efficiency replacement for
popular three-terminal linear regulators. It substantially re-
duces the size of the heat sink, and in some cases no heat
sink is required.

A standard series of inductors optimized for use with the
LM2576 are available from several different manufacturers.
This feature greatly simplifies the design of switch-mode
power supplies.

Other features include a guaranteed +£4% tolerance on out-
put voltage within specified input voltages and output ioad
conditions, and +£10% on the oscillator frequency. External
shutdown is included, featuring 50 pA (typical) standby cur-
rent. The output switch includes cycle-by-cycle current limit-
ing, as well as thermal shutdown for full protection under
fault conditions.

Features

¥ 3.3V, 5Y, 12V, 15V, and adjustable output versions

m Adjustable version output voltage range,
1.28V to 37V (57V for HV version) £4% max over
line and load conditions

® Guaranteed 3A output current

Wide input voltage range, 40V up to 60V for

HV version

Requires only 4 external components

52 kHz fixed frequency internal oscillator

TTL shutdown capability, low power standby mode

High efficiency

Uses readily available standard inductors

Thermal shutdown and current limit protection

P+ Product Enhancement tested

Applications

m Simple high-efficiency step-down (buck) regulator
m Efficient pre-regulator for linear regulators

B On-card switching regulators

E Positive to negative converter (Buck-Boost)

Typical Application (rixed Output Voitage

Versions)

FEEDBACK

7V - 40V
(60V for HY) wiy| LM2576/ |3
UNRED%UmFTli? 1 LM2575HV— L1 5V
oUTPUT REGULATED
oUTRUT
| Cour 3A LOAD

i
3lenp 5
I N ¥ | 'ON/OFF

j:woour

01147601

FIGURE 1.

SIMPLE SWITCHER® is a registered trademark of Nationat Semiconductor Corporation.

© 2004 National Semiconductor Corporation

DS011476

www.national.com
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LM2576/LM2576HV

Block

UNREGULATED
DC INPUT

Diagram

INTERNAL

ON/OFF

REGULATOR

FIXED GAIN

R2
ERROR AMP

. COMPARATOR

1.23Y 1
BAND-GAP 52 kHZ RESET THERMAL CURRENT
REFERENCE | |OSCILLATOR SHUTDOWN LIMIT

3.3VR2 =17k

5V, R2 = 3.1k

12V, R2 = 8.84k
15V, R2 = 11.3k

For ADJ. Version

R1 = Open, R2 = 00
Patent Pending

Ordering Information

01147602

Temperature Output Voltage NS Package | Package
Range 3.3 5.0 12 15 ADJ Number Type
—40°C £ T, | LM2576HVS-3.3 | LM2576HVS-5.0 | LM2576HVS-12 { LM2576HVS-15 |LM2576HVS-ADJ TS5B TO-263

£125°C |LM2576S-3.3 LM2576S-5.0 LM2576S-12 LM2576S-15 LM2576S-ADd
LM2576HVSX-3.3| LM2576HVSX-5.0{ LM2576HVSX-14 LM2576HVSX-15 LM2576HVSX-AD TS5B
LM25768X-3.3 |LM2576SX-5.0 |LM2576SX-12 |LM2576SX-15 |LM2576SX-ADJ | Tape & Reel
LM2576HVT-3.3 |LM2576HVT-5.0 |LM2576HVT-12 | LM2576HVT-15 | LM2576HVT-ADJ TO5A TO-220
LM2576T-3.3 LM2576T-5.0 LM2576T-12 LM2576T-15 LM2576T-ADJ
LM2576HVT-3.3 | LM2576HVT-5.0 | LM2576HVT-12 [ LM2576HVT-15 | LM2576HVT-ADJ TO5D
Flow LB03 Flow LB0O3 Flow LB0O3 Flow LB03 Flow LB03
LM2576T-3.3 LM2576T-5.0 LM2576T-12 LM2576T-15 LM2576T-ADJ
Flow LB03 Flow LBO3 Flow LB03 Flow LB0O3 Flow LB0O3

www.national.com




Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Maximum Supply Voltage
L.M2576
LM2576HV

ON /OFF Pin Input Voltage

Output Voltage to Ground
(Steady State)

Power Dissipation

Storage Temperature Range

Maximum Junction Temperature

45V
63V
~0.3V <V < +Vjy

-1V
internally Limited
—65°C to +150°C

150°C

LM2576-3.3, LM2576HV-3.3
Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature

Minimum ESD Rating
(C =100 pF, R = 1.5 kQ)
Lead Temperature
(Soldering, 10 Seconds)

Operating Ratings

Temperature Range
LM2576/LM2576HV
Supply Voltage
LM2576
LM2576HV

2 kV

260°C

-40°C < T, < +125°C

40V
60V

Range.
Symbol Parameter Conditions LM2576-3.3 Units
LM2576HV-3.3 (Limits)
Typ Limit
(Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2
Vour Output Voltage Vin =12V, | oap = 0.5A 3.3 \'
Circuit of Figure 2 3.234 V(Min)
3.366 V(Max)
Vour Output Voltage BV < Vi £40V, 0.5A < | oap < 3A 3.3 \
LM2576 Circuit of Figure 2 3.168/3.135 V(Min)
3.432/3.465 V(Max)
Vour Output Voltage BV < V)y < B0V, 0.5A < | oap £ 3A 3.3 \
LM2576HV Circuit of Figure 2 3.168/3.135 V(Min)
3.450/8.482 V(Max)
M Efficiency Vin = 12V, lLoap = 3A 75 %

LM2576-5.0, LM2576HV-5.0
Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with Figure 2 boldface type apply over full Operating Tem-

perature Range.

Symbol Parameter Conditions LM2576-5.0 Units
LM2576HV-5.0 (Limits)
Typ Limit
(Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2

Vour Output Voltage Vin = 12V, I oap = 0.5A 5.0 A
Cireuit of Figure 2 4.900 V{Min})
5.100 V(Max)

" Veur Output Voltage 0.5A < | oap < 3A, 5.0 v
LM2576 8V < Vi < 40V 4.800/4.750 V(Min)
Circuit of Figure 2 5.200/5.250 V(Max)

Vour Output Voltage 0.5A < | pap < 3A, 5.0 A
LM2576HV 8V <V < 60V 4.800/4.750 V{Min)
Circuit of Figure 2 5.225/5.275 V(Max)

www.national.com
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LM2576/LM2576HV

LM2576-5.0, LM2576HV-5.0

Electrical Characteristics (continued)

Specifications with standard type face are for T, = 25°C, and those with Figure 2 boldtace type apply over full Operating Tem-
perature Range.

Symbol Parameter Conditions L M2576-5.0 Units
LM2576HV-5.0 {Limits)
Typ Limit
{Note 2)

SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2

n | Etficiency | V=12V, oo = 3A | 77 ] l %

LM2576-12, LM2576HV-12
Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature
Range.

Symbol Parameter Conditions LM2576-12 Units
LM2576HV-12 (Limits)
Typ Limit
(Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2

Vour Output Voltage Vin= 25V, | opp = 0.5A 12 \
Circuit of Figure 2 11.76 V{Min)
12.24 V{Max)

Vour Output Voltage 0.5A <} oap < 3A, 12 \
LM2576 15V < Vi < 40V 11.52/11.40 V(Min)
Circuit of Figure 2 12.48/12.60 V(Max)

Vour Output Voltage 0.5A < | oap £ 3A, 12 \
LM2576HV 18V < Vyy € 60V 11.52/11.40 V(Min)
Circuit of Figure 2 12.54/12.66 © V(Max)

n Efficiency Vin = 18V, I oap = 3A 88 %

LM2576-15, LM2576HV-15
Electrical Characteristics

Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature
Range.

Symbol Parameter Conditions LM2576-15 Units
LM2576HV-15 (Limits)
Typ Limit
| (Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2

Vour Output Voltage Vin = 25V, | gpp = 0.5A 15 \
Circuit of Figure 2 14.70 V(Min)
15.30 V(Max)

Vour Output Voltage 0.5A < [ oap < 3A, 15 A
LM2576 18V < V| < 40V 14.40/14.25 V{Min)
Circuit of Figure 2 15.60/15.75 V(Max)

Vour Output Voltage 0.5A < | oap < A, 15 Vv
LM2576HV 18V < V) £ 60V 14.40/14.25 V(Min)
Circuit of Figure 2 15.68/15.83 V(Max)

1 Efficiency Vin = 18V, lLoap = 3A 88 %

www.national.com 4




LM2576-ADJ, LM2576HV-ADJ
Electrical Characteristics

Specifications with standard type face are for T =

25°C, and those with boldface type apply over full Operating Temperature

Range.
Symbol Parameter Conditions LM2576-ADJ Units
LM2576HV-ADJ {Limits)
Typ Limit
(Note 2)
SYSTEM PARAMETERS (Note 3) Test Circuit Figure 2
Vout Feedback Voltage Vin =12V, |, oap = 0.5A 1.230 \
Vour = 5V, 1.217 V{(Min)
Circuit of Figure 2 1.243 V(Max)
Vour Feedback Voltage 0.5A < | oap < 3A, 1.230 \
LM2576 8V <V < 40V 1.193/1.180 V(Min)
Vour = 5V, Circuit of Figure 2 1.267/1.280 V(Max)
Vout Feedback Voitage 0.5A <l oap < 3A, 1.230 \
LM2576HV 8V <V, < 60V 1.193/1.180 V(Min)
Vour = 5V, Circuit of Figure 2 1.273/1.286 V{Max)
l Efficiency Vin = 12V, i oap = 3A, Vgt = 5V 77 %

All Output Voltage Versions
Electrical Characteristics

Specifications with standard type face are for T =
Range. Unless otherwise specified, Vy = 12V for 1

= 30V for the 15V version. | gap = 500 mA.,

25°C, and those with boldface type apply over full Operating Temperature
he 3.3V, 5V, and Adjustable version, V,, = 25V for the 12V version, and V

Symbol Parameter Conditions LM2576-XX Units
LM2576HV-XX (Limits)
b Typ Limit
(Note 2)
DEVICE PARAMETERS
ly Feedback Bias Current Vour = 5V (Adjustable Version Only) 50 100/500 nA
fo Oscillator Frequency (Note 11) 52 kHz
47/42 kHz
(Min)
58/63 kHz
(Max)
Vsar Saturation Voltage loyr = 3A (Note 4) 14 \%
1.8/2.0 V(Max)
DC Max Duty Cycle (ON) {Note 5) 98 %o
93 %(Min)
oL Current Limit (Notes 4, 11) 5.8 A
4.2/3.5 A{Min)
6.9/7.5 A(Max)
I Output Leakage Current (Notes 6, 7): Output = OV 2 mA(Max)
Output = -1V 7.5 mA
Output = -1V 30 mA(Max)
lq Quiescent Current (Note 6) 5 mA
10 mA(Max)
lstay Standby Quiescent ON /OFF Pin = 5V (OFF) 50 HA
Current 200 pA(Max)

www.national.com
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LM2576/LM2576HV

All Output Voltage Versions

Electrical Characteristics (continuedq)

Specifications with standard type face are for T 4 = 25°C, and those with boldface type apply over full Operating Temperature
Range. Uniess otherwise specified, V,y = 12V for the 3.3V, 5V, and Adjustable version, Vi = 25V for the 12V version, and V,
= 30V for the 15V version. I gap = 500 mA.

Symbol Parameter Conditions LM2576-XX Units
LM2576HV-XX (Limits)
Typ Limit
. {Note 2}
DEVICE PARAMETERS
0,a Thermal Resistance T Package, Junction to Ambient (Note 8) 65
0a T Package, Junction to Ambient (Note 9) 45 ' *CIW
Bic T Package, Junction to Case 2
)a S Package, Junction to Ambient (Note 10) 50
ON JOFF CONTROL Test Circuit Figure 2
Vin ON /OFF Pin Vour = 0V 1.4 2.2/2.4 V(Min)
‘' Logic Input Level Vour = Nominal Output Voltage 1.2 1.0/0.8 V(Max)
I ON /OFF Pin Input ON /OFF Pin = 5V (OFF) 12 pA
Current 30 pA(Max)
I ON /OFF Pin = 0V (ON) 0 A
10 HA(Max)

Note 1: Absolute Maximum Ratings indicate fimits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.

Note 2: All limits guaranteed at room temperature (standard type face) and af temperature extremes (bold type tace). All room temperature limits are 100%
production tested. All fimits at temperature extremes are guaranteed via correlation using standard Statistical Quality Control (SQC) methods.

Note 3: External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance. When the
LM2576/LM2576HV is used as shown in the Figure 2 test circuit, system performance will be as shown in system parameters section of Electrical Characteristics.

Note 4: Output pin sourcing current. No diode, inductor or capacitor connected to output.
Note 5: Feedback pin removed from output and connected to OV.

Note 6: Feedback pin removed from output and connected to +12V for the Adjustable, 3.3V, and 5V versions, and +25V for the 12V and 15V versions, to force the
output transistor OFF.

Nate 7: V) = 40V (60V for high voltage version).

Note 8: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with ¥ inch leads in a socket, or on a PC
board with minimum copper area.

Note 9: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with ¥ inch leads soldered to a PG board
containing approximately 4 square inches of copper area surrounding the leads.

Note 10: If the TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally connected to the package. Using
0.5 square inches of copper area, 8,4 is 50°C/W, with 1 square inch of copper area, 8,4 is 37°C/W, and with 1.6 or more square inches of copper area, 044 is 32°C/W.

Note 11: The oscillator frequency reduces to approximately 11 kHz in the event of an output short or an overload which causes the regulated output voltage to drop
approximately 40% from the nominal output voltage. This self protection feature lowers the average power dissipation of the IC by lowering the minimum duty cycle
from 5% down to approximately 2%.

Typical Performance Characteristics
(Circuit of Figure 2)

Normalized Output Voltage Line Regulation
+1.0 — 1.4 . .
~ 08— V=20V o Logp =500 ma
R ILoap = 500 mA S T, =259
" +0.6 T Normalized at w 1.0 4 ;
o) T,=25°C &
<z( +0.4 J <z( 0.8 /
& +02 [ S 06 <
u I L 4 /
g 9 = g o 3.3V,5V & ADJ
I -02 = 302 : ~
S v ] 12V & 15V
— 04 // - 0
£ -0s E w02
N AN
© -08 © 04
-1.0 -0.6
=50 -25 -0 25 50 75 100 125 0 10 20 30 40 50 60
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V)
01147627 01147628
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MC78XX/LM78XX/MC78XXA

3-Terminal 1A Positive Voltage Regulator

Features

* Output Current up to 1A

* Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24V
» Thermal Overload Protection

= Short Circuit Protection

* Output Transistor Safe Operating Area Protection

Internal Block Digram

Description

The MC78XX/LM78XX/MCT78XXA series of three
terminal positive regulators are available in the
TO-220/D-PAK package and with several fixed output

‘voltages, making them useful in a wide range of

applications. Each type employs internal current limiting,
thermal shut down and safe operating area protection,
making it essentially indestructible. If adequate heat sinking
is provided, they can deliver over 1A output current.
Although designed primarily as fixed voltage regulators,
these devices can be used with external components to
obtain adjustable voltages and currents.

TO-220

1. Input 2. GND 3. Output

INPUT SERIES OUTPUT.
© PASS -0
1 ELEMENT 3
CURRENT SOA ’:P/
GENERATOR PROTECTION <
STARTING REFERENCE ERROR
CIRCUIT VOLTAGE AMPLIFIER
>
b3
THERMAL <
PROTECTION
] GND
(=2 -0

N

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation



MC78XX/LM78XX/MC78XXA

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voltage (for Vo = 5V to 18V) A 35 \'
(for Vo = 24V) \Yi 40 \
Thermal Resistance Junction-Cases (TO-220) ReJc 5 °cw
Thermal Resistance Junction-Air (TO-220) ReJA 65 °cw
Operating Temperature Range TOPR 0~+125 °c
Storage Temperature Range TsTG -65 ~ +150 °C

Electrical Characteristics (MC7805/LM7805)
(Refer to test circuit ,0°C < Ty < 125°C, lo = 500mA, V| = 10V, C|= 0.33uF, Co= 0.1uF, unless otherwise specified)

. " MC7805/LM7805 .
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
TJ=+25°C 48 5.0 5.2
Output Voltage Vo 5.0mA < lo < 1.0A, Po < 15W v
V| =7V to 20V 475 5.0 | 5.25
. . : Vo =7V to 25V - 4.0 100
Line Regulation (Note1) Regline | TJ=+25°C mv
V| =8V to 12V - 1.6 50
lo =5.0mA to1.5A - 9 100
Load Regulation (Note1) Regload | Ty=+25°C lo =250mA to mV
- 4 50
750mA
Quiescent Current o) Ty =425°C ¢ 5.0 8.0 mA
. io=5mAto 1.0A - 0.03 | 05
Quiescent Current Change Alg mA
VI= 7V to 25V - 0.3 1.3
Output Voltage Drift AVOIAT | o= 5mA - -0.8 - mV/°C
Output Noise Voltage VN f=10Hz to 100KHz, TA=+25°C - 42 - uV/iVo
. — f=120Hz
Ripple Rejection RR Vo = 8V fo 18V 62 73 - dB
Dropout Voltage Vbrop | 10 =1A, TJ =+25°C - 2 - \%
Output Resistance ro f=1KHz - 15 - mQ
Short Circuit Current Isc V| =35V, TA =+25°C - 230 - mA
Peak Current IPK TJ=+25°C - 22 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with iow duty is used.




MC78XX/LM78XX/MC78XXA

Electrical Characteristics (MC7806)
(Refer fo test circuit ,0°C < Ty < 125°C, 10 = 500mA, V| =11V, CI= 0.33uF, Co= 0.1uF, unless otherwise specified)

- MC7806 )
Parameter Symbol Conditions - Unit
N Min. | Typ. | Max.
TJ=+25°C 5.75 6.0 | 6.25
Output Voltage Vo 5.0mA < 10 < 1.0A, PO < 15W v
V| =8.0Vto 21V 5.7 6.0 6.3
. . . V[ =8V to 25V - 5 120
Line Regulation (Note1) Regline | TJ=+25°C mV
VI=9Vto 13V - 1.5 60
. 10 =5mA to 1.5A - 9 120
Load Regulation (Note1) Regload | Ty =+25°C mv
0 =250mA to750A - 3 60
Quiescent Current Q TJ=+25°C - 5.0 8.0 mA
. lo =5mAto 1A - - 0.5
Quiescent Current Change AlQ mA
V| =8V to 25V - - 1.3
Output Voltage Drift AVO/AT | 1o =5mA - -0.8 - mvV/°C
Output Noise Voltage VN f=10Hz to 100KHz, TA=+25°C - 45 - pvViNo
. _— f=120Hz
Ripple Rejection RR V| = 9V to 19V 59 75 - dB
Dropout Voltage VDrop | lo=1A, Ty =+25°C - 2 - \Y,
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc V=35V, TA=+25°C - 250 - mA
Peak Current IPK TJ =+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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FEATURES

D, DB, N, NS, OR PW PACKAGE

¢ Complete PWM Power-Control Circuitry (TOP VIEW)
¢  Uncommitted Qutputs for 200-mA Sink or
Source Current TN+ 1 16[] 2IN+
¢ Output Control Selects Single-Ended or 1IN-[f 2 15[] 2IN-
Push-Pull Operation FEEDBSCEE 3 14 % SILEJ[':F T L
¢ Internal Circuitry Prohibits Double Pulse at TCl4 13 PUT CTR
Either Output crlfs 12{] Vee
. . . RT[] 6 1] c2
* Variable Dead Time Provides Control Over onofl 7 10[] E2
Total Range cills of] E1
¢ Internal Regulator Provides a Stable 5-V

Reference Supply With 5% Tolerance

e Circuit Architecture Allows Easy
Synchronization

DESCRIPTION

The TLA494 incorporates all the functions required in the construction of a pulse-width-modulation (PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply control circuitry to a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control (DTC) comparator,
a pulse-steering control flip-flop, a 5-V, 5%-precision regulator, and output-control circuits.

The error amplifiers exhibit a common-mode voltage range from —0.3 V to Voo — 2 V. The dead-time control
comparator has a fixed offset that provides approximately 5% dead time. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous multiple-rail power supplies.

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which can be selected through the output-control
function. The architecture of this device prohibits the possibility of either output being pulsed twice during
push-puli operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494l is characterized for operation from
—40°C to 85°C.

AVAILABLE OPTIONS

PACKAGED DEVICES()
T SHRINK SMALL THIN SHRINK
A SMALL(S)UTLINE PLAS('II;II)C DIP SMALIENOSL)JTLINE OUTLINE SMALL OUTLINE
(DB) (PW)
0°C to 70°C TL494CD TL494CN TL494CNS TL494CDB TL494CPW
—40°C to 85°C TL494ID TL494IN — — —

(1) The D, DB, NS, and PW packages are available taped and reeled. Add the suffix R to device type (e.g., TL494CDR).

A

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.

. Products conform fo specifications per the terms of the Texas

Instruments standard warranty. Production processing does not
necessarily include testing of ali parameters.

Copyright © 1983-2005, Texas instruments incorporated
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FUNCTION TABLE
INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
V;=GND Single-ended or paraliel output
V)= Vet Normal push-pull operation
FUNCTIONAL BLOCK DIAGRAM
OUTPUT CTRL
(see Function Table)
13
RT 2 Oscillator
cr. 8 Q1
1D Cc1
Dead-Time Control P °
P 0.1V ¢ Comparator E1
DTC ——A | - C1
PWM @2 11 .,
. Error Amplifier 1 Comparator *;D——:D)—@
1IN+ I} . 1 E2
o — Pulse-Steering
] Flip-Flop
Error Amplifier 2 12 v,
an+- 18 I cc
2|N—L_ N ' Reference 14
REF
Regulator
/
—(D _ GND
3
FEEDBACK 0.7 mA
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Absolute Maximum Ratings‘"
over operating free-air temperature range (unless otherwise noted)

MIN MAX| UNIT
Vee Supply voltage @ 41 \
V) Ampliﬁer input voltage Vee +0.3 \4
Vo Collector output voltage 41 \%
lo Collector output current 250 mA
D package 73
DB package 82
TN Package thermal impedance 34 N package 67| °C/W
NS package 64
PW package 108
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C
Tstg Storage temperature range —65 150 °C

0

2
(©)

4)

Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond these indicated under "recommended operating
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

All voltages are with respect to the network ground terminal.

Maximum power disipation is a function of T (max), 6,4, and Ta- The maximum allowable power dissipation at any allowable ambient
temperatire is Pp = (T j(max) — T)/0,4. Operating at the absolute maximum T, of 150°C can affect reliability.

The package thermal impedance is calculated in accordance with JESD 51-7.

Recommended Operating Conditions

MIN MAX| UNIT

Vee Supply voltage 7 40 \"
V) Amplifier input voltage -0.3 Ve -2 \
Vo Collector output voltage 40 \Y
" Collector output current (each transistor) 200 mA
Current into feedback terminal 0.3 mA
fosc Oscillator frequency 1 300 kHz
Cr Timing capacitor 0.47 10000 nF
Rt Timing resistor 1.8 500 kQ
Ta Operating free-air temperature Weiih ? 70 °C
TL494] -40 85
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Electrical Characteristics

over recommended operating free-air temperature range, Ve = 15 V, f= 10 kHz (unless otherwise noted)

Reference Section

TL494C, TL494I

PARAMETER TEST CONDITIONS () UNIT
MIN TYP? MAX
Output voltage (REF) lo=1mA 475 5 5.25 \'
Input regulation Vee=7Vito40V 2 25 mv
Output regulation lo=1mAto 10 mA 1 15 mv
Output voltage change with temperature ATp = MIN to MAX 2 10 mv/vV
Short-circuit output current(®) REF=0V 25 mA
(1) For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
(2) Al typical values, except for parameter changes with temperature, are at Ty = 25°C.
(3) Duration of short circuit should not exceed one second.
Oscillator Section
Cy=0.01 uF, Ry = 12 kQ (see Figure 1)
TL494C, TL494I
PARAMETER TEST CONDITIONS () UNIT
MIN TYP?? MAX
Frequency 10 kHz
Standard deviation of frequency® All values of Ve, Ct, Ry, and T, constant 100 Hz/kHz
Frequency change with voltage Vec =7V 1040V, Ty = 25°C 1 Hz/kHz
Frequency change with temperature 4 ATx = MIN to MAX 10| Hz/kHz
(1) For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
(2) Al typical values, except for parameter changes with temperature, are at Ta = 25°C.
(3) Standard deviation is a measure of the statistical distribution about the mean as derived from the formula:
o =
(4) Temperature coefficient of timing capacitor and timing resistor are not taken into account.
Error-Amplifier Section
See Figure 2
TL494C, TL494I
PARAMETER TEST CONDITIONS UNIT
MIN TYP() MAX
‘Input offset voltage Vo (FEEDBACK) = 2.5V 2 10 mV
Input offset current Vo (FEEDBACK) =25V 25 250 nA
Input bias current Vo (FEEDBACK)= 2.5V 0.2 1
Common-mode input voltage range Vee=7Vto 40V V_Cis_tg \4
Open-loop voltage amplification AV =3V, Vp=05V1t035V, R =2kQ 70 95 dB
Unity-gain bandwidth Vo=05V1035V,R =2kQ 800 kHz
Common-mode rejection ratio AV =40V, Ty =25°C 65 80 dB
Output sink current (FEEDBACK) Vip=-15mVto -5V, V (FEEDBACK) = 0.7 V 0.3 0.7 mA
Output source current (FEEDBACK) Vip=15mVto 5V, V (FEEDBACK)=3.5V -2 mA

(1) Al typical values, except for parameter changes with temperature, are at Tp = 25°C.
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Electrical Characteristics

over recommended operating free-air temperature range, Ve = 15 V, f = 10 kHz (unless otherwise noted)

Output Section
PARAMETER TEST CONDITIONS MIN TYp MAX| UNIT
Collector off-state current Vee =40V, Vec =40V 2 100 HA
Emitter off-state current Vec=Ve =40V, V=0 -100 LA
. . Common emitter Ve =0, Ic =200 mA 1.1 1.3
Collector-emitter saturation voltage - \
Emitter follower Vo(ct orc2) = 15V, Ig = =200 mA |- 1.5 25
Output control input current V= Vet 35 mA

(1) All typical values, except for temperature coefficient, are at T, = 25°C.

Dead-Time Control Section

See Figure 1
PARAMETER TEST CONDITIONS MIN TYP()  MAX UNIT
Input bias current (DEAD-TIME CTRL) Vi=0to 525V -2 -10 pA
. V| (DEAD-TIME CTRL) = 0, Ct = 0.01 pF,
Maximum duty cycle, each output ! 45 %
ty cy P Rr= 12 kQ o
Zero duty cycle 3 3.3
Input threshold voltage (DEAD-TIME CTRL) . \
Maximum duty cycle 0

(1) All typical values, except for temperature coefficient, are at Ta = 25°C.

PWM Comparator Section

See Figure 1
PARAMETER TEST CONDITIONS MIN TYP() MAX UNIT
Input threshold voltage (FEEDBACK) Zero duty cyle 4 4.5 A
Input sink current (FEEDBACK) V (FEEDBACK) = 0.7 V 0.3 0.7 mA

(1) All typical values, except for temperature coefficient, are at Ta=25°C.

Total Device

PARAMETER TEST CONDITIONS MIN TYP()  MAX UNIT
R+=V VCC =15V 6 10
Standby supply current T Vrefy mA
Y supply Al other inputs and outputs open Vee =40V 9 15
Average supply current Vi (DEAD-TIME CTRL) = 2V, See Figure 1 7.5 mA
(1) All typical values, except for temperature coefficient, are at Ta =25°C.
Switching Characteristics
T, =25°C
PARAMETER TEST CONDITIONS MIN TYP() MAX UNIT
Rise time i i : 100 200 ns
- Common-emitter configuration, See Figure 3
Fall time 25 100 ns
Rise time i i . X 100 200 ns
- Emitter-follower configuration, See Figure 4
Fall time 40 100 ns

(1) Al typical values, except for temperature coefficient, are at Ta = 25°C.
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PARAMETER MEASUREMENT INFORMATION

Vcc =15V
12 é 150 O 150 Q
Voo 2w 2w
4 8
Test — | bTC c1 & Output 1
nputs 3 ! reEDBACK E1L
12 kQ 6 1 =
RT c2 Output 2
]———5 cT E2 —‘l"’
0.01uF 2=
- 1
2 1IN+
16 UN- | Error
_L 2IN+ [ Amplifiers
e S 2IN-
13] ouTPUT REF | .14
CTRL
K GND
50
TEST CIRCUIT
; . r , r Vv
Voltage cc
at C1

I o T 1 e
= MANANNAMN

Threshold Voltage — — l

DTC |

|
oV | |

l
| : Threshold Voltage ———— l

FEEDBACK I | /_

0.7V ! : !
Duty Cycle . 0% —le—» MAX 0% —»

VOLTAGE WAVEFORMS

Figure 1. Operational Test Circuit and Waveforms
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Low Power Monostable/Astable Multivibrator

General Description

The CD4047B is capable of operating in either the
monostable or astable mode. It requires an external capac-
itor {between pins 1 and 3) and an external resistor
(between pins 2 and 3) to determine the output pulse width
in the monostable mode, and the output frequency in the
astable mode.

Astable operation is enabled by a high level on the astable
input or low level on the astable input. The output fre-
quency (at 50% duty cycle) at Q and Q outputs is deter-
mined by the timing components. A frequency twice that of
Q is available at the Oscillator Output; a 50% duty cycle is
not guaranteed.

Monostable operation is obtained when the device is trig-
gered by LOW-to-HIGH transition at + trigger input or
HIGH-to-LOW transition at — trigger input. The device can
be retriggered by applying a simultaneous LOW-to-HIGH
transition to both the + trigger and retrigger inputs.

A high level on Reset input resets the outputs Q to LOW, Q
to HIGH.

Features
B Wide supply voltage range: 3.0V to 15V
W High noise immunity: 0.45 Vpp, {typ.)

B Low power TTL compatibility: Fan out of 2 driving 74L
or 1 driving 74LS

SPECIAL FEATURES
M Low power consumption: special CMOS oscillator
configuration

B Monostable (one-shot) or astable (free-running)
operation

M True and complemented buffered outputs
B Only one external R and C required

MONOSTABLE MULTIVIBRATOR FEATURES

E Positive- or negative-edge trigger

H Output pulse width independent of trigger pulse duration

W Retriggerable option for pulse width expansion

M Long pulse widths possible using small RC components
by means of external counter provision

M Fast recovery time essentially independent of pulse
width

B Pulse-width accuracy maintained at
approaching 100%

duty cycles

ASTABLE MULTIVIBRATOR FEATURES
M Free-running or gatable operating modes
H 50% duty cycle
M Oscillator output available
M Good astable frequency stability
typical=+2% + 0.03%/°C @ 100 kHz
frequency=+0.5% + 0.015%/°C @ 10 kHz
deviation (circuits trimmed to frequency Vpp = 10V
+10%)

Applications

«  Frequency discriminators
« Timing circuits

« Time-delay applications
= Envelope detection
Frequency multiplication
Frequency division

Ordering Code:

Order Number |Package Number

Package Description

CDA4047BCM MidA

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-120, 0.150” Narrow

CD4047BCN N14A

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

© 1999 Fairchild Semiconductor Corporation DS005969.prf

www.fairchildsemi.com
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CD4047BC

Connection Diagram

Function Table

Pin Assignments for SOIC and DIP

U

c

R

o o I

RC COMMDN =

4
ASTABLE =
5

ASTABLE ===

6

~ TRIGGER *=ed

Vgg e

14

.y VDD

13

= 0SC 0UT

12
= RETRIGGER

11—

b T

10

b

9

= EXT RESET

8
p—+ TRIGGER

Top View

Terminal Connections Output Pulse Typical Output
Function To Vpp To Vgg Input Pulse From Period or
To Pulse Width

Astable Multivibrator

Free-Running 4,5,6, 14 7,89, 12 10, 11,13 ta(10, 11)=4.40 RC

True Gating 4,6, 14 7,8,9,12 5 10, 11, 13 ta (18) =2.20 RC

Complement Gating 6,14 5,7,8,9,12 |4 10, 11, 13
Monostable Multivibrator

Positive-Edge Trigger 4,14 5,6,7,9,12 |8 10, 11

Negative-Edge Trigger 4,8,14 5, 7,912 6 10, 11 tv (10, 11) =2.48 RC

Retriggerable 4,14 5,6,7,9 8,12 10, 11

External Countdown (Note 1) [14 5,6,7,8,9,12 Figure 1 Figure 1 Figure 1

Note 1: External resistor between terminais 2 and 3. Extemnal capacitor between terminals 1 and 3.

Typical Implementation of External Countdown Option

N |4
ASTRELE
Cnapaze
1 - out
TLOCK COUNTER
I RESET
INPUT :
PULSE o
texer = (N = 1) ta + (e + tw12)
FIGURE 1.

-

www.fairchildsemi.com




Block Diagram

3 1 3

r—-————— — —_———— e ———

RC R

l COMMODN TIMING 13 gsc
— """'l >_’|_'° ouT
ASTABLE 0—5-|—> ASTABLE > € I
| GATE TIMING RETRIGGER 12 RETRIGSER

FETAELE O CONTROL CONTROL ‘—{—0

ASTABLE O-—|—>O LOW I

T POWER l
ASTABLE "

_TRIGGER O~ Ol MULTIVIBRATOR a

' MONOSTABLE J FRDElz‘lnLIDEé\IHcv |
g CONTROL » /I 0 N
+TRIGGER O—I——-> (2) i

0‘"'14 I L 1 9~ EXTERNAL
- ! 770 geset

Vss 0— Ly ) We-¥).> (| S AFV-qB.. |

Logic Diagram

ASTABLE O DC

ASTABLEG‘

+ TRIGGER O—4
6

- TRIGGER O——

DsSEOB‘ =P, )% —Dusn%
s ¥ "M Tk af el ! Do
| T T T [>o—2%0
QQ—OD(TRESET

*Special input protection circuit to permit larger input-voltage swings.

3 www.fairchildsemi.com
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CD4047BC

Absolute Maximum Ratingsote 2)
(Note 3)

Recommended Operating
Conditions (note 3)

DC Supply Voltage (Vpp) —0.5V to +18Vp¢ B Supply Volt Voo) 3V to 15V
u Oliage 0
Input Voltage (V) 05VioVpp #05Vps | thTty (vg) bo Y VDC
nput vVoitage (o]
Storage Temperature Range (Tg) -65°C to +150°C P . 9 IN bp *be
o Operating Temperature Range (T,) ~40°C to +85°C
Power Dissipation (Pp) i . .
. Note 2: “Absolute Maximum Ratings” are those values beyond which the
Dual-In-Line 700 mw safety of the device cannot be guaranteed. They are not meant to imply
f that the devices should be operated at these limits. The table of “Recom-
Small Outline 500 mw mended Operating Conditions™ and “Electrical Characteristics” provides
Lead Temperature (T|) conditions for actual device operation.
(Soldering, 10 seconds) 260°C Note 3: Vgg = 0V unless otherwise specified.

DC Electrical Characteristics (Note 3)

h —-40°C 25°C 85°C
Symbol Parameter Conditions - - . Units
Min Max Min Typ Max { Min Max
Iop Quiescent Device Current Vpp =5V 20 20 150 nA
Vpp = 10V 40 40 300 [ pA
Vpp =15V 80 80 600 uA
VoL LOW Level Output Voltage llol < 1 uA
Vpp = 5V 0.05 0 | 0.05 005 [ Vv
Vpp = 10V 0.05 0 0.05 0.05 \
Vpp = 15V 0.05 0 0.05 0.05 \
Vo HIGH Level Output Voltage llol < 1 pA
Vpp = 5V 4.95 495 | 5 4.95 \Y
Vpp =10V 9.95 9.95 10 9.95 v
Vpo =15V, 14.95 14.95 | 15 14.95 v
Vi LOW Level Input Voltage Vpo =5V, Vo = 0.5V or 4.5V 1.5 225 | 15 1.5 v
Vpp =10V, Vo = 1V or 8V 3.0 45 | 3.0 3.0 \
Vpp =15V, Vo = 1.5V ar 13.5V 4.0 675 | 4.0 4.0 \Y
Vi HIGH Level Input Voltage Vpp =5V, Vo = 0.5V or 4.5V 35 3.5 275 35 v
Vpp = 10V, Vg = 1V or 8V 7.0 7.0 55 7.0 v
Vpp = 18V, Vg = 1.5V or 13.5V 1.0 11.0 | 8.25 1.0 A
loL LLOW Level Output Current Vpp = 5V, Vo = 0.4V 0.52 0.44 | 0.88 0.36 mA
(Note 4) Vpp = 10V, Vg = 0.5V 1.3 11 | 225 0.9 mA
Vpp =15V, Vo = 1.5V 36 3.0 8.8 24 mA
lon HIGH Level Output Current Vpp =5V, Vg =46V -0.52 —0.44 | -0.88 -0.36 mA
(Note 4) Vpp = 10V, Vo = 9.5V -1.3 =11 | 225 -0.9 mA
Vpp = 15V, Vg = 13.5V -3.6 -3.0| 88 2.4 mA
In Input Current Vop = 15V, Vin = 0V 0.3 —10>| 03 -1.0 | pA
Vpp = 15V, Viy = 15V 0.3 1075 03 1.0 pA

Note 4: Iy and I are tested one output at a time.

www.fairchildsemi.com




AC Electrical Characteristics ot 5)
Ta=25°C, C|_ =50 pF, R|_ =200k, input t, = t; = 20 ns, unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units

tpHL, toLH Propagation Delay Time Astable, Vpp =5V 200 400 ns
Astable to Osc Out Vpp = 10V 100 200 ns
Vpp = 15V 80 160 ns
[ Astable, Astable fo Q, Q Vpp = 5V 550 900 ns
Vpp = 10V 250 500 ns
Vpp =15V 200 400 ns
teHLs toLm + Trigger, — Trigger to Q Vpp =5V 700 1200 ns
Vpp =10V 300 600 ns
Vpp =15V 240 480 ns
tpHL: toLH + Trigger, Retrigger to Q Vpp =5V 300 600 ns
Vpp = 10V 175 300 ns
Vpp =15V 150 250 ns
trrLs toyp Resetto Q, Q Vop =5V 300 600 g
Vpp =10V 125 250 ns
Vpp = 15V 100 200 ns
trmLs trin Transition Time Q, Q, Ose Out Vpp =5V 100 200 ns
Vpp = 10V 50 100 ns
Vpp = 15V 40 80 ns

twis twe Minimum Input Pulse Duration Any Input
Vpp =5V 500 1000 ns
Vpp = 10V 200 400 ns
Vpp = 15V 160 320 ns
trews treL + Trigger, Retrigger, Rise and Vpp=5V 15 us
Fall Time Vpp = 10V 5 us
Vpp = 15V 5 s
Cin Average Input Capacitance Any Input 5 7.5 pF

Note 5: AC Parameters are guaranteed by DC correlated testing.

5 www.fairchildsemi.com
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Data Sheet No. PD60147 rev.U

International
TIGR Rectifier  IR2110(-1-2)(S)PbF/IIR2113(-1-2)(S)PbF
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VOFFSET (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dV/dt immune
 Gate drive supply range from 10 to 20V lo+/- 2A 1 2A
® Undervoltage lockout for both channels
® 3.3V logic compatible Vout 10- 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground 5V offset ton/off (typ.) 120 & 94 ns
® CMOS Schmltt-tngger_ed inputs with pull-dO\{vn Delay Matching (|R2110) 10 ns max.
® Cycle by cycle edge-triggered shutdown logic IR2113) 20
® Matched propagation delay for both channels ( ) NS max.

® Outputs in phase with inputs Packages

Description

The IR2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced output chan-
nels. Proprietary HVIC and latch immune CMOS technologies enable
ruggedized monolithic construction. Logic inputs are compatible with
standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. - Propagation delays are maiched to simplify use in high frequency applications. The
floating channel can be used to drive an N-channel power MOSFET or IGBT in the high side configuration which
operates up to 500 or 600 volts,

16-Lead SOIC
14-Lead PDIP 1IR21108/IR21138
IR2110/IR2113

Typical Connection up to 500V or 600V

] PWs=— ) T
Vop o Vo Vet
HINo——~ HIN Vo ° o
SDo sb — X _LOAD
LINo LIN Vee 1
T —
Vgg o™ V¢s COM —3F ‘ o
Ve —] Lo e

(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout.

www.irf.com 1



IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Absolute Maximum Ratings

International
ISR Rectifier

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
Ve High side floating supply voltage (IR2110) -0.3 525
) (IR2113) -0.3 625
Vs High side floating supply offset voltage Vg - 25 Vg +0.3
VHo High side floating output voltage Vg-0.3 Vg +0.3
Vee Low side fixed supply voltage -0.3 25
Vio Low side output voltage -0.3 Voo +0.3 v
Vpp Logic supply voltage -0.3 Vgg + 25
Vgs Logic supply offset voltage Voo -25 Vee +0.3
VIN Logic input voltage (HIN, LIN & SD) Vgs - 0.3 Vpp + 0.3
dVg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 1.6
(16 lead SOIC) — 1.25 iy
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — 75 :
(16 lead SOIC) — 100 5]
TJ Junction temperature — 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions

The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The VS and VS offset ratings are tested with all supplies biased at 15V differential. Typical

ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Vg High side floating supply absolute voltage Vg + 10 Vg + 20

Vs High side floating supply offset voltage (IR2110) Note 1 500

' (IR2113) Note 1 600

VHo High side floating output voltage Vs Ve
Vee Low side fixed supply voltage 10 20 v
VLo Low side output voltage 0 vce
Vpp Logic supply voltage Vgg +3 Vgg + 20

Vss Logic supply offset voltage -5 (Note 2) 5

VIN Logic input voltage (HIN, LIN & SD) Vss Vbb

Ta Ambient temperature -40 125 °C

Note 1: Logic operational for Vg of -4 to +500V. Logic state held for Vg of -4V to -Vgg. (Please refer to the Design Tip

DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vgg offset is limited to -Vpp.

2
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Internatio

TSR Rectifier

nal

Dynamic Electrical Characteristics

VBias (Vce, VBs. Vbp) = 15V, CL = 1000 pF, Ta = 25°C and Vgg = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Symbol Definition Figure | Min. | Typ. |Max. | Units |Test Conditions

fon Turn-on propagation delay 7 — 120 | 150 Vg =0V
toff Turn-off propagation delay 8 —_ 94 125 Vg = 500V/600V
tsd Shutdown propagation delay 9 -~ 110 | 140 B Vg = 500V/600V
tr Turn-on rise time 10 .- 25 35
tf Turn-off fall time 11 — 17 25
MT Delay matching, HS & LS (IR2110) - — — 10

turn-on/off (IR2113) — — — 20

Static Electrical Characteristics

VBIas (Vec. Vs, VDp) = 15V, Ta = 25°C and Vss = COM unless otherwise specified. The V|N, VTH and ||y parameters
are referenced to Vgg and are applicable to all three logic input leads: HIN, LIN and SD. The Vo and lp parameters are
referenced to COM and are applicable to the respective output leads; HO or LO.

Symbol Definition Figure |Min. | Typ. Max.| Units |Test Conditions
VIH Logic “1” input voltage 12 EA) - —
VL Logic “0” input voltage 13 — — 6.0
VOH High level output voltage, Vgias - Vo 14 = meh (g o v 1o = 0A
VoL Low level output voitage, Vo 15 — — 0.1 lo = 0A
Ik Offset supply leakage current 16 - - 50 Vp=Vs = 500V/600V
laBs Quiescent Vg supply current 17 — 125 | 230 ViN=0V or Vpp
lace Quiescent Ve supply current 18 — 180 | 340 uA VN =0V orVpp
lapp Quiescent Vpp supply current 19 — 15 30 VN =0V or Vpp
N+ Logic “1” input bias current 20 A 20 40 VIN = VDD
lIN- Logic “0” input bias current 21 — — 1.0 VIN = 0V
VBSUV+ VBs supply undervoltage positive going 22 7.5 8.6 9.7
threshold
VBSUV- Vs supply undervoltage negative going 23 7.0 8.2 9.4
threshold
Veocuv+ Ve supply undervoltage positive going 24 74 8.5 9.6
threshold v
Veeuy- V¢ supply undervoltage negative going 25 7.0 8.2 9.4
threshold )
lo+ Output high short circuit pulsed current 26 2.0 2.5 — Vo =0V, VIN=VDD
PW<10 ps
lo- Output low short circuit pulsed current 27 2.0 2.5 — A Vo =15V, VIN =0V
PW <10 ps
www.irf.com 3




IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF Internationall

TSGR Rectifier

Functional Block Diagram

Voo DETECT
LEVEL 8 BULSE
| Voo/Vee
HIN 1 - LEVEL | | !
| % SHIFT PULSE _‘ E Vs
| ;

GEN

I
L oV |
[ DETECT
[ Vop/Vee i
LIN L2 LEVEL < LO
| S SHIFT L |
| = R Q DELAY :
|
Ves 1 ICOM
| =

Wl A |
ol
h T
O

K

\?

P

—” 4
0<

Lead Definitions

Symbol| Description

VpD Logic supply

HIN Logic input for high side gate driver output (HO), in phase
SD Logic input for shutdown

LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground

\%:] High side floating supply

HO High side gate drive output

Vs High side floating supply return

Vee Low side supply

LO Low side gate drive output

COM Low side return

4 : www.irf.com



Infernational

ToR Rectifier IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
Lead Assignments
[&] HO [7] =] Ho [&]
=] voo v [6] [io] v [7]
o] HIN vs [5] ] vop Vs [6]
[31] so [z (12} HiN ]
[Z] un vee [3] i3] sp N
[13] vss com [Z2] (2] LN vee 3]
[i] Lo 1] [i5] vss com [2]
. Gl ol
14 Lead PDIP 16 Lead SOIC (Wide Body)
IR2110/IR2113 IR2110S/IR2113S
[g] HO [71] =] Ho [7]
[3] vob VB [ 6] =1 vop VB [ 6]
[0 HIN Vs | 5] [0} HIN vs [
1] sp | [11] sp !
2] uN vee (3] [1z] uN vee [31]
[i3] vss com [2] (i3] vss coM 2]
[i4] ~ o]  [3a] ~ Lo [T
14 Lead PDIP w/o lead 4 14 Lead PDIP w/o leads 4 & 5
IR2110-1/IR2113-1 IR2110-2/IR2113-2
Part Number

www.irf.com 5



IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

HIN
LIN

SD

HO
Lo

Figure 1. input/Output Timing Diagram

International
IGR Rectifier
Vgg =15V HV = 10 to 500V/600V
o
—T1 10KF6
10 Los ’
* 200 +
T I 1 1 Jdoa 3 100uF
= = s 5 o Typ MM 10KFE].
. <
10
L ‘{>_‘—7 o HO <,
! i v l —2>50 Vins
12 D—'— ouTPUT  10KFB
MONITOR 1
13 2
[ IRFBZOCE IL

Figure 2. Floating Supply Voltage Transient Test Circuit

Vi
QB

Ve =15V
o
Lo Io.1 :
Tw T 1 Dgtalabibt Okl
i i BB wFT TwF
10 Lo
HIN 0————— 1l WS 5
SD o——— 11 4 T 1‘;
o 4w
LIN O———LD—’_ | = I
TS

Figure 3. Switching Time Test Circuit

50%
Sbh
tsd :
HO 90%

LO

Figure 5. Shutdown Waveform Definitions

5 Vg
1(0 to 500V/600V)

MT

90%

LO HO

Figure 6. Delay Matching Waveform Definitions

Figure 4. Switching Time Waveform Definition
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International
IR Rectifier

Bulletin PD-20745 rev.D 07/01

60EPUO4
60APU0O4

Ultrafast Soft Recovery Diode

Features

* Ultrafast Recovery
= 175°C Operating Junction Temperature

Benefits

» Reduced RFl and EMI

« Higher Frequency Operation
* Reduced Snubbing

* Reduced Parts Count

Description/ Applications

tr = 50ns (typ)
lrav) = 60Amp
Vi, =400V

These diodes are optimized to reduce losses and EMI/ RFlin high frequency power conditioning systems.
The softness of the recovery eliminates the need fora snubberin most applications. These devices are ideally suited
for HF welding, power converters and other applications where switching losses are not significant portion of the total

losses.

Absolute Maximum Ratings

CATHODE
TOBASE
2

1 3

CATHODE ANODE

TO-247AC (Modified)

Parameters Max Units

VR Cathode to Anode Voltage 400 \"
Irav) Continuous Forward Current, Tc = 127°C 60 A
lrsm Single Pulse Forward Current, T¢ = 25°C 600

lerm © Maximum Repetitive Forward Current 120

Ty, Tste  Operating Junction and Storage Temperatures -56510 175 °C

® Square Wave, 20kHz

Case Styles
B60EPUD4 B0APUO4

CATHODE
TO BASE
2

1 3
ANODE ANODE

TO-247AC

www.irf.com



B60EPUO4/ 60APUO4

Bulletin PD-20745 rev. D 07/01

Infernational
TSR Rectifier

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

Parameters Min | Typ |Max| Units| Test Conditions
VBR,Vr  Breakdown Voltage, 400 - - \ Ir = 100pA
Blocking Voltage
Vr Forward Voltage - |1.05{125{ Vv IF = 60A
- 10.87]1.03| V lF=60A, T, =175°C
- 093|110 V | Ir=80A, T,=125°C
Ir Reverse Leakage Current - - 50 | pA | Vr=VR Rated
- - 2. | mA | T,=150°C, Vg = Vg Rated
Cr Junction Capacitance - 50 - pF Vg =400V
Ls Series Inductance - 3.5 - nH Measured lead to lead 5mm from package body

Dynamic Recovery Characteristics

@ Ty = 25°C (unless otherwise specified)

Parameters Min | Typ | Max | Units| Test Conditions
trr Reverse Recovery Time - 50 60 ns Ir = 1A, dig/dt = 200A/us, Vr = 30V
- |85 | - Ty=25°C I.= 60A
<145 | - T)=125°C RV
dig /dt = 200A/pus
IRRM Peak Recovery Current - 8.8 - A Ty;=25°C
- 154 ) - Ty=125°C
Qn Reverse Recovery Charge - 375 - nC | Ty=25°C
- (1120 - : Ty=125°C
Thermal - Mechanical Characteristics
Parameters Min Typ Max Units
Rthic Thermal Resistance, Junction to Case 0.70 Kw
Rincs @  Thermal Resistance, Case to Heatsink 0.2
Wt Weight 55 g
0.2 (0z)
T Mounting Torque 1.2 2.4 N*m
10 20 Ibf.in

@ Mounting Surface, Flat, Smooth and Greased

www.irf.com




" TOSHIBA

TLP250

TOSHIBA Photocoupler GaAlAs Ired &‘Photo—IC

TLP250

Transistor Inverter
Inverter For Air C_onditionor
IGBT Gate Drive

‘Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

Input threshold current: IF=5mA(max.)

Supply current Ice): 11mA(max.)

Supply voltage (VcQ): 10-35V

Output current (I0): £1.5A (max.)

Switching time (tpLH/tpHL): 1.5ps(max.)

Isolation voltage: 2500Vyms(min.)

UL recognized: UL1577, file No.E67349

Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPK

{Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
Creepage distance: 6.4mmf{min.)

Clearance: 6.4mm (min.)

Schmatic

A 0.1uF bypass capcitor must be

I
»
2+ 2 Vo
VE 3 { K
3- r——0O

<« Vo
lo 6
-lJ T2
o i —0  GND
5

connected between pin 8 and 5 (See Note 5).

Truth Table

Tr1 Tr2
Input On On Off
LED off off on

Unit in mm

1.2£0.15]
Hl

©
Fl~
H o
Ho

54+£0.25

LA

Y
S
Wl
>

9.66 £0.25

36508

7.6210.25

0501

254 +0.25

2.5MIN.,

| —)

0.1
025 008

7.85~8.80

11-10C4

TOSHIBA

11-10C4

Weight: 0.54 g

Pin Configuration (top view)

1 [
2]
3]
2l

13

s
17
e
s

W N D WN =

:N.C.

: Anode

: Cathode
'N.C.

:GND

: Vo (Output)
Vo

“Vee

2002-09-25



TOSHIBA

Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current Ig 20 mA
Forward current derating (Ta = 70°C) Alg / ATa -0.36 mA/°C
EJ Peak transient forward curent (Note 1) lepT 1 A
Reverse voltage VR 5 \Y
| Junction temperature Tj 125 °C
“H’peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) lopH -1.5
“L"peak output current (Pyy < 2.5ps,f < 15kHz) (Note 2) lopL +1.5 A
(Ta< 70°C) 35
Output voltage Vo \'4
5 (Ta=85°C) 24
3 (Ta< 70°C) 35
2 Supply voltage Veo \Y
(Ta=85°C) 24
Output voltage derating (Ta = 70°C) AVgp !/ ATa -0.73 V/°C
Supply voltage derating (Ta = 70°C) AVge /ATa -0.73 V/°C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr -20~85 °C
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) Teol 260 \G
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 4) BVg 2500 \(rms

(Note 1) Pulse width Pyy < 1us, 300pps

(Note 2) Exporenential wavefom

(Note 3)
(Note 4)

(Note 5)

Recommended Operating Conditions

together.

Exporenential wavefom, [opH < —1.0A( < 2.5ps), lopL < +1 .0A( = 2.5us)

Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 8, 7 and 8 shorted

A ceramic capacitor(0. TuF) should be connected from pin 8 to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Characteristic Symbol Min. Typ. Max. Unit
Input current, on IF(ON) 7 8 10 mA
Input voltage, off VE(OFF) 0 — 0.8 \'
Supply voltage Vece 15 — 30 20 \%
Peak output current lopH/ioPL - — +0.5 A
Operating temperature Topr -20 25 70 85 °C

2002-09-25



TOSHIBA

Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir— Test Condition Min. Typ.* Max. Unit
- Cuit B I B
Input forward voltage VE — IF=10mA, Ta=25°C 1.6 1.8 \Y
Temperature coefficient of _ _ °
forward voltage AVe/ATal  — |IF=10mA — 2.0 — |mviec
Input reverse current IR — VR =5V, Ta=25°C — 10 vA
Input capacitance Cr — V=0,f=1MHz,K Ta=25°C — 45 250 pF
wys IF=10mA
H” level lopH 3 -0.5 -1.5 —
= Vg_g=4V
Output current X?)C 30v A
w » lgp=0
L” level lopL 2 Ve_5= 2.5V 0.5 2 —
Wy Voo = +15V, VEgq = =15V _
H” level VoH 4 |R(%%000, i = BmA 11 12.8
Output voltage \Y2
a n Vce1 = +15V, VEgq = =15V . _ _
L” level VoL 5 R0 22000, V- = 0.8V 14.2 12.5
Vee = 30V, IF = 10mA . 7 _
“H” level lccH — |Ta=25°C
Vee = 30V, I[F = 10mA — — 11
Supply current /. F mA
’ Vee =30V, Ig = OmA A 75 -
“L” level lccL - Ta=25°C
Vee = 30V, IF = OmA — — 11
Threshold input “Output I Vee1 = +15V, VEgq = =15V
M FLH — — 1.2 5 mA
current L—H RL = 200Q, Vg > 0V
Threshold input “Output i IFHL W Voot = +15V, VEgq = —15V 08 o o v
voltage H—-L Ry = 2000, Vg < 0V
Supply voltage Vce o 10 —_ 35 \Y
C_:apacnance Cs - Vg=0 ,of =1MHz 77 10 20 pF
(input—output) Ta=25C
; ) Vg =500V, Ta = 25°C 12 14
Resistance(input—output) Rs — RH.<60% 1x10 10 — Q

* All typical values are at Ta = 25°C

(*1): Duration of Ig time < 50us
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TOSHIBA TLP250
Switching Characteristics (Ta = -20~70°C, unless otherwise specified)
- Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Propagation L-H toLH - 015 05
delay time HeL thL IF = 8mA — 0.15 0.5
6 Veet = H15V, Vgg = -15V us
Output rise time tr R = 2000 — — —
Output fall time tr — ~— —
Common mode transient
. - - Vom = 600V, If = 8mA _ _ _
immunity at high level CwvH 7 Voe = 30V, Ta = 25°C 5000 V/us
output
Common mode transient
. . Vewm = 600V, IF = OmA _ _
immunity at low level CmL 7 Ve = 30V, Ta = 25°C 5000 V/us
output
* All typical values are at Ta = 25°C
4 2002-09-25



TOSHIBA

TLP250

Test Circuit 1 :

1
[

Test Circuit 3 : IOPH

di

£

«[

Test Circuit 5 : VoL

1 [

L
i

VF

.9
i
] ¢ o -
5 RL
] ~ AW
- 95
b
7
_]'_ VEE1

Test Circuit 2 : OPL

1]
[
[
4[]

=
———¢ ™
©
=
m

Test Circuit 4 : VOH

1

=

4[]

o

v
}‘ ® _T_ CcC
]_0 lopL Ve

| N
b
o

3

M

Veed

LI,L_'
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TOSHIBA TLP250

Test Circuit 6: tp 4, toHLs tr b

-, D R
[ N lF t .
J L 0.1pF Veed < L i<
o——[ ] T Vo % VoH 80%
sl I RL I Vo GND
= o s = VoL 80%
1000 ¥ [ IR L [etH || sHL
VEE1 > < > <
’ ]
Test Circuit 7: CpH, CmL
8
1o
1 |: | | I
sw IF 0.1pF
= :I ( | Vee
Aoco'co B T
L[] H——v
o[ T4
Vem
M °
o /J7
_, 600V
| 90%
Vem 409, l =,
i
V
e e SN 4?0( )
SW :A(lr=8mA) r(us)
\/ CwiH CMH:M
Vo T ~— 26V f (us)
CHL
SW :B(Ip=0)

CmL(CMH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output
voltage in the low (high) state. ’
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MBR350, MBR360

MBR360 is a Preferred Device
Axial Lead Rectifiers

These devices employ the Schottky Barrier principle in a large area
metal—to-silicon power diode. State—of-the—art geometry features
epitaxial construction with oxide passivation and metal overlap
contact. Ideally suited for use as rectifiers in low-voltage,
high—frequency inverters, free wheeling diodes, and polarity
protection diodes. '

Features

® Extremely Low vg

® Low Power Loss/High Efficiency

® Highly Stable Oxide Passivated Junction

® Low Stored Charge, Majority Carrier Conduction
® Pb—Free Packages are Available*

Mechanical Characteristics:
® Case: Epoxy, Molded
® Weight: 1.1 Gram (Approximately)

® Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

® Lead Temperature for Soldering Purposes:
260°C Max. for 10 Seconds

® Polarity: Cathode indicated by Polarity Band

MAXIMUM RATINGS

Rating Symbol | Max Unit

Peak Repetitive Reverse Voltage VRRM \'4
Working Peak Reverse Voltage VRwM
DC Biocking Voltage MBR350 VR 50

MBR360 60
Average Rectified Forward Current Tp = 65°C lo 3.0 A
(Rgua = 28°C/W, P.C. Board Mounting)
Non-Repetitive Peak Surge Current (Note 1) lesm 80 A

(Surge Applied at Rated Load Conditions
Halfwave, Single Phase, 60 Hz, T| = 75°C)

Operating and Storage Junction Temperature

T)Tag | 6510 | °C

Range (Reverse Voltage Applied) +150
THERMAL CHARACTERISTICS
Thermal Resistance, Junction-to~Ambient Raja 28 °C/W

(see Note 4 - Mounting Data, Mounting Method 3)

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional operation above the Recommended
Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.

1. Lead Temperature reference is cathode lead 1/32 in from case.

*For additional information on our Pb~Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Technigues
Reference Manual, SOLDERRM/D.

ON Semiconductor®

http://onsemi.com

SCHOTTKY BARRIER
RECTIFIERS
3.0 AMPERES
50, 60 VOLTS

AXIAL LEAD

CASE 267-05

(DO-201AD)
STYLE 1

MARKING DIAGRAM

MBR
J7 Y L NN AR

A = Assembly Location
X =5o0r6

n = Pb-Free Package

(Note: Microdot may be in either location)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 3 of this data sheet.

Preferred devices are recommended choices for future use
and best overall value.

© Semiconductor Components Industries, LLC, 2008 1
June, 2006 - Rev. 6

Publication Order Number:
MBR350/D



MBR350, MBR360

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) (Note 2)

Characteristic Symbol Max Unit
Maximum Instantaneous Forward Voltage (Note 3) VE \%
(ir = 1.0 Amp) 0.600
(ir = 3.0 Amp) 0.740
(iF = 9.4 Amp) 1.080
Maximum Instantaneous Reverse Current @ Rated DC Voltage (Note 3) iR mA
T, = 25°C 0.60
T =100°C 20

2. Lead Temperature reference is cathode lead 1/32 in from case.
3. Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.

20 o T T
/ ! T, = 150°C2
T, = 100°C 94 75°C 2ogt— . 0 s
£ 50
10 7 = 2.0 o]
11—~ SN\ b 100°C
7.0 y /7 7 = —
’ / | / > 050 =
Y04 © 75°C—
50 . cl-}-; 0.20 + +
/ / : *The curves shown are typical for the highest ]
4 = voltage device in the voltage grouping. Typical 3
z / / / = 005 reverse current for lower voltage selections can =
s %0 § &= 002 be estimated from these same curves if Vgis
= 20 // / > 0' . sufficiently below rated V. -
= .|
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o /} 0.005 i= {25 (?_
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§ ' // Figure 2. Typical Reverse Current*
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Figure 1. Typical Forward Voltage Figure 3. Current Derating Ambient

(Mounting Method 3 per Note 4)
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Electrlcal Charactenstlcs '

Standard Resistance Range
.................................. 10 to 5 megohms
(see standard resistance table)
Resistance Tolerance ............ +10 % std.
(tighter tolerance available)

Absolute Minimum Resistance

.............................. 1 % or 2 chms max.
(whichever is greater)

Contact Resistance Variation
........................... 1.0 % or 3 ohms max.
(whichever is greater)

Adjustability

Voltage.........cccoceviininnnnn .+0.01 %
Resistance... ..20.05 %
Resolution..........coeoeiiieie Infinite
Insulation Resistance ................ 500 vdc

1,000 megohms min.
Dielectric Strength
Sealevel ..., 900 vac

Power Ratmg (300 vo!ts max. )
TOC i 0.5 watt
125 °C i, 0 watt

.................................. -55 °C to +150 °C
Temperature Coefficient
......................................... +100 ppm/°C

Seal Test....ocovvviveneennnn, 85 °C Fluorinert*
Humidity........ MIL-STD-202 Method 103
96 hours

(2 % ATR, 10 Megohms IR)
......... 20 G (1 % ATR; 1 % AVR)
100 G (1 % ATR; 1 % AVR)

Load Life

............... 1,000 hours 0.5 watt @ 70 °C
(3 % ATR; 3 % or 3 ohms,
whichever is greater, CRV)

Rotational Life........................ 200 cycles
(4 % ATR; 3 % or 3 ohms,

whlchever is greater CRV)

Torque ............................. 3 0 oz-in. max.
Mechanical Stops.................. Wiper idles
Terminals......ccccceevvvvin. Solderable pins
Weight ..o, 0.03 oz.
Marking .........ccccoocovnnnen. Manufacturer’s
trademark resistance code,

wiring diagram, date code,
manufacturer’'s model

number and style

Wiper .......... Positioned at 50 % nominal
Flammability ........ccoeverirennn. U.L. 94V-0
Standard Packaging .....50 pcs. per tube
Adjustment TOO! ......ccccoeveviiricinne. H-90

*"FLUORINERT" IS A REGISTERED.TRADEMARK OF 3M CO.

Features
m Multiturn / Cermet / Industrial / Sealed
m 5 terminal styles
Tape and reel packaging available
m Chevron seal design

m Listed on the OPL for style RJ24 per
MIL-R-22087 and RJR24 per High-Rel
Mil-R-39035

Common Dimensions

6.40+1.32 , | 10.03

(252 +.052) (-395)
152 483 .13
(OTS)M'N |‘ 1™ (os0) [T (190 .005)
11 1

o4y
o ADJ. SLOT 043)
Ll
e X( gzsa uibE
X (_'030) DEEP
3296P

m Mounting hardware available
(H-117P)

3296 - 3/8 ” Square Trimming Potentiometer

3296Y (Commercial Only)

2510 7

WIPER

- cow cw
CLOCKWISE ~—

TOLERANCES: £ 0.25 (.010) EXCEPT WHERE NOTED

3296W
2.54 2.41 MM
I {io0) ——I ]-—( %) DIMENSIONS ARE: —NGHES]
O e
h " e
25O ==
(.100)
Resistance Resistance
3296X (Ohms) Code
10 100
20 200
50 500
100 101
200 201
500 501
1,000 102
2,000 202
. > AT 5,000 502
How To Order 10,000 103
N i 20,000 203
25,000 253
50,000 503
Model 100,000 104
Style 200,000 204
. 250,000 254
Standard or Modified 500,000 504
Product Indicator 1,000,000 105
-1 = Standard Product 2,000,000 205

Resistance Code
Consult factory for other available options.

Popular values listed in boldface. Special
resistances available.

REV| 02/03

Specifications are subject to-change without notice,
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