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Abstract

The purpose of this project is to develop the lead - acid battery charger that
can be applied to a liquid cooling system. For example, the radiator in a car or a
motorbike, which is to bring the wasted energy back to use again. By changing the
form of energy to be electric energy with thermoelectric generator, which has a
buck-boot converter, uses to maintain the voltage level of supply to be constant.
And has microcontroller to control the quantity of charging battery of system to get
the highest performance. And also has the report when the system has something
error, it show the output on the LCD screen, then use PWM circuit to be a charge.
The last purpose of the project is to recycle the lost energy. The heat that come
from engine vibration sword back to a obtainable power at no cost to maximize the

benefits.
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msifiandsnulniususigaessiia “usuuin” e LEAD DIOXIDE uag “uwHuay”
fla SPONGE LEAD gninundguaslunsanay “usediu” (Volt) feifindiuiitivisaes essuy

< I v a a s = [ s dﬁ?
LUAWBTATUNAT Nasiatarlvaviufiieasundsnuaiianunlundarnului Tunsdld
Bendn “nsmeuseqln” (Discharge) Bensalutinianauasiadviugisesdeuwnius @
5 1 =I 1 5 = v/ h'l e/
asuinuazaulaeazaee| Wisudanmusasiusevisassdalvinaied unzidainse

= ' & a a o v o as

(Lead Sulfate) disudusvisuinuagauiasuan iyl ulavesiadisadu fe “puth
) = 7= i a o8 v
dawlsn” wummeinazliflanmyssaruunnsianianssiunseua fagvilinssuangalva

wIslnvum
TRACTION BATTERIES
dudsznau (Construction)

1. uriusmUIn (Positive Plate) 1Y) wlanendsmaimzni aziasieinanva s
wa fuansavatunsadayin (Sulfuric Acid) # 2ie “wuuvasn” (Tubular Type) Uag

“Wuuanu” (Pasted Type)

2. unus19aU (Negative Plate) 18 wlansnanvangiiguifeaiu uiifiuaisise

UARSefllaniz “uwuuiseu”  (Pasted Type)

3. wiufiu (Separator) dvaeain 1y wiunueslilasinia (Microporous

Rubber), wanan (Plastic), nsyanwlowna

- 5 ° a P~
4. Waenuaera (Container & Cover) MANWAIEAN Transparent Plastic ¥iiau

Bavgunusiousinszumn numensiansauveansan1sUsEgln (Charging)

& dd o % i ar va 8
nsUseglnasaen wuswesmhinldrudiosgluanmdslilafuhnsaman way
Vas <4 3’; = g ¥ o a g
Tildsun1suszqln MisuastenainlnIanauuasUsyginuuas mshuduiinsanay

warynn1sUTERInATILIN MTaREUuAUsEIWIRIGAN WAIWAENNTBILUMLADS

1. pMsiduunsarau (Electrolyte)  Toiutnnsanauiinaeninuawsing
4 o s ‘O’ i < 1
(Specific Gravity) nufifinvua (1.280 + 0.010) aslluwadauseiuinInnaugmiiow
g v 3 P o :’ ! o o '
519 lgweneulidliiininauseniannead InengamgiveaInsanaunoudnIzewIng

357°C



1 | [ 1 o I . ]
2. myvauuamasiniunIaUsvein sedddnszualwnse (Direct Current) witiuly

) oS v oo -4 ] o v
nmsusEqin Tnededauinveaunmeiidniudivinvaaniensein Mrauresunneiiin

W Il
o <

futiaureuassalsegin asagliuilaanedt sediuunneigneies Uy euiesh

3. Gudszglaevduduinsanauluuda 3-10 43la Inggaumaiiveainsnanassie
finTn 40 °C winwunssudnsanay (Electrolyte) sasiitfuasiuautissysvasy

v o9

(Maximum Level)
4. vhnsuszywRasedulunaanmenssualn wazsragnamuitwmualy Spec

5. veusUse fhgaumgiives ELECTROLYTE guifiu 50 °C Tiaanszudlvlasmviieves
Uszqln aglvigaungiives ELECTROLYTE gafls 60 °C

6. myauazantufindeyavaimsusainasusn mstimsiawazantudfindues
nszuald (Ampere) usaiuluvl (Voltage) ANua2sdwg (SP.gr) uazgaunil

(Temperature)

7. Weduaansusegln asldmanuaidmng - (Specific Gravity) ¥edien
(Electrolyte) Uszanw 1.280 Yassuunwaalitae® Useuial 1 478 Ususzavaess

ELECTROLTE lvifissepugean Uagnvuinbe geniunsal iy

2.2.2 m3u§e3nen (Traction Battery Maintenance)
1. nmsdrenssudatnit (Discharge)

1.1 vanidsenisanenssudlnd AummasavesuUnAe3 (Over Discharge) Iy
nslruminiiueus il u (Over Load) iilosnnagilfeyveauumneiduas
wszayii msluunnoIdnenseualail Usvanas 70-80% ve Capacity 191 WURAES 24
Thas A2l Cut-Off Discharge Voltage Uszana 20.4 Tiasi1.2 anwnnsiduasanuqees
wuamed auaansalumsstenszualidl "dusgfuaninues uUAADS 1wy LUAWEITIT:
wavazenn weiimuaunsalunissienssualninléd Tsasnvieussyndsesisn

WiNgaLfUANNENTO Ferasianusedinseialluatnegs

i = ab i o X
1.2 msdrenszualniiy AMUVBILUALADT ANAILHDVIUN T LLELNHUU

1
o

19A75tdu

=4

1.3 gamgll MmgresunmeIIzanasdieldnuluaawiniigamyll
< ad o & v ' & &
1Y AYIRTBLUAmeIIzanawdiefiongunty nsldiuesass wiad Ay



2. nM5UszqlW (Normal Charge)

i ' & i ar L4 Ve 1 U
2.1 wusmesdierwntsldenaaieduluunas iu dedldiunisussqinudasse Tolald
aaumiives ELECTROLYTE gufiu 50 °C msasnszialunmsusziiined saiulilvigavgl
984 ELECTROLYTE gs%u

2.2 pxrvaeuliniladnlunissa Plug 1ien1suseqlu desuvunsedu dagnsias

o 1 A s -3 =
Charger aglusinunus off 1ie On Charger Wi nunaausavdu Plug insizenavilviin
Ysemelr@savdusunseseazwula desesnsg winsiamsd ums cut Off Power

Source

2.3 38n15Uszalvl Wy Tapper Charging, Constant Current or Voltage Charging,
Constant Current-Step Type charging Lﬁaﬂ'l‘iﬁ'isﬂwﬁfmﬂadﬁmﬂizﬁ'ﬂ Volt per Cellgfia
24 Trad auiiaund Hydrogen nssudlw (Charge Current) %amm%umsﬁ"ﬁuqams

Charge

ognalsiinny YagUulaiinnseonwuulimsusealmd wlvaehsanysalivmanzau

furug Voltagewas Capacity 184 LLumma‘ﬁﬂﬂ Automatic Charger
3. n1sUszglviuuunsedu (Equalizing Charge)

wummesmdeuluudagdu W5ua1s Normal Charge Ui AIsiin1s Equalizing
Charge agraipsifiouas 1 A1 MinsldannnIn 1 assmsyimn 6 Ju wiaillaiinisidui

nau Tng

3.1 Automatic Charger

3.2 Manual Charger Uszunal 2-3%3lus seainmisUseqlwihund 8-104alus
4. ps1¥AsEay ELECTROLYTE

o [Y) @ . P
4.1 $avseAu Electrolyte Tifaglussdy Maximum Level illasanamsussqlnuas

Anuseu aelviiadnnduinnissewe seau Electrolyte Jsanas

= | - o i ix a B ) '
4.2 \diognass il ynifiutngu waned1 Minimum Level Aasiiuinnguating

viimsyialailyiau

4.3 \iniuunnauuds destnegnlviiuy
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4.4 mstufinnaiudINAUnNASY WTaNATINABUNTVINNUYEY Charger Lavan N

) i
Tnevnluvswunnes

2.3 lulaspaulnsaraad

lulaspaulnsavaes (Sangu: microcontrolter Ana31 uC, uC Wis MCU) #io

L3 = < v = e = g
gunsalmruauauIaldn Jaussgauaisanadieadeiuszuupeiumes  lagly
lulasaeulnsaiassldsimendiy, wieanud waswesn dududuysznoundndAgyves

suupaufiamesidnlimeiu Taevimsussgdliludadeniu

Tassaframilu Tassasalaevild veddulasraulnsa@asiu awnsawlsaanunls
2 1 [l w0 J
W 5 daulugq deraludl

wieUseuranananuiadiy (CPU : Central Processing Unit)

2. mheaus (Memory) ansinsawysasniu 2 dau fia wiheaus sl idwmsuiu
Wsunsuvdn (Program Memory) Wiguiailousnianaruns edesreuinnosadiy
fotoyalaq fignivliluasligameluudlifitnges Sndvildenneaud
Hoya (Data Memory) Miumilounnszamemalumsr ety wastbuihin
Foyataasnaasrhe wimnliflaiEss deyefesmelusdetumbsamusy
RaM) lursasaouiweiing W widwsullesroulnsaandadislvl
Mﬂ'sﬂﬂmm‘iﬁaga%ﬁﬁ’@ﬁLﬂwﬂwmmﬁmﬁu Fetoyaasmeluislelaiilndes was
1Wuddwsen (EEPROM : Erasable Electrically Read-Only Mempry) Fearmrsaiiy
Foyaldudlidlndes

3. dudasiaiugunsainteuen viaweda (Port) &I 2 Anvashe wosnduna (input
Port) uazwesndsday amianasmonsing (Output Port) daufarldlunsdeusde
fugunssinmenen Setndudwidwoun lwRusewiame fnBunn oy
Fynn 0199zfensnaaing ethludszmanauazdslunedaieding it
wanNaLy MInnawesvasald Wudu

4. desmaiuvesdnynn videla (BUS) Aowdumemsuaniasudygadeyassving
iy mhwanuduagnaia ludnvagvesaedyais Snounnegaigluda
lulasreulvsaaes Tneudaduladeya (Data Bus) , Uausaasa (Address Bus)
wazUamauAw (Control Bus)

5. awstidadyananniin Tuludnseneufiddyanndndiunils Weswinnis
vhawiiasslusililaseevinsaians az%ua@ﬁ'urmﬁwum%’mz mndgyey o
wiinilaudigs FSmrmahaufvraunsah ifatudwalilulasreulnsaaoii
fu fimnusrlunsussinanagenalughe



uni 3
Taseasresszuvlulaseenu

3.1 TAs9ad195uv09lATI9U

Thermoelectric Boost Microcontroller Battery

Generator converter

= o
U 3.1 TAs9a519989TUY

TPEPaNMSTOUAD SEUVLSUNEINUIINWEE Thermoelectric Generator
] o W w Wl "o P & P
9nuazle1995 Boost converter livagnseauvainssulviliangeiuiasai ntuasil
lulaspaulnsamesidusiafnduladiuvanglnuduseanSnmgeaqn uagianingn199sLCD

v =t o % =
wardnhluldusawunmasaaly

3.2 19955 N¥1TEAULSIAULUY step up

3.2.1 'aﬂi]i‘gﬁﬂauma‘%maf (Boost Converter)

2asyAReUIefined (Boost Converter)  iunnasiilddmiumsudasussiulnih
yaueene (Output) TrtAanNI T Wn1anduym (Input) fitloudunlursasde
Sondnediledn wemussAY (Step-up Converter) 19TyarauIasTinas 1Y
woAMaRaY (MOSFET) nsaledTi (IGBT) fagudl 3.2 vimiilunuaiod Tnsdoneude

= = o b
ANUDALYNAIVANDINIDTRUBATIVIT

DM
YY)
3 i MARE {jj/;
L g
+ +
VS S Vcoc vyaSLoA

- Q

= a o | °
JUN 3.2 \EIaRITIINSYOUYeIyanounesinesiuusagivun (Mode) n1svinau
uUNSUR-UR Ya9adIndlnnadl



12

Inua 1 dleadndila (Mode 1 Switch On)

L

+ +
1 § -
VS VC- 1~ C V?

= Ps s P a  &a .
JUN 3.3 UanINTALYALEUD9NRIYARDULIDINDS (Boost Converter) vauzaintUn(Switch
On)

msvhedlulvue (Mode) Tvansasyanuiedines (Boost Converter) aiileiin
] =y i . ar [ v L) a o
\dloaindUn (Switch On) wasalianuvasng (Vs) azngliluazay aglusavileai
¢ I A a e 3 [y o W af o
i () Tuszeznamisluiiwiaiaindla (Switch On) sglasussaulwiidivieni

a1 1 s s A 1 1 L2 3
sediaviiuusesulnwihnunasig (vs) mungussiuveuneiven

Tuug 2 a3ndUe (Mode 2 Switch Off)

+ a2 [0
=

% *S Loan

VS \'s Ve == ¢ Va

JUT 3.4 uannesauyaduensasyanaunesines (Boost Converter) tazaindiln
(Switch Off)

-] dll s 1 U s A
msyineelulnug (Mode) tindanuldihannuvasane (vs) waenwdsanulwifayas
aglusmionhasgndanlifilvan Tnendenulwiniily Fuansmilenininanmsae
w s = ° W A\l [ as ) a o a € a
naeuln e wwte ndnileagaunasnuludiaramvhaululunueading e
(Mode Switch On) uazainmsiivanldsuna syl wifiuvasteuaznspens 1 ue s,
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= o & : i W v ) ' 9 v
willenhilios dawasaussdiulnimiaiuednn (Output) dirgeandusedulniimady

gunm (Input)
MsUYeneesia 2 nueil ilidulddngi 1wesyanouiesines (Boost

Converter) azdinisanendsnulvihlvifulvanegrasana) fawidnavil visdwinainglaild

¥iaufnY

3.2.2 29933NWISTAULITIAULUY step up dmsuinaiios

1NS821

+5V ik 12V® < 800 mA
neur © l REGULATED QUTPUT
) Your = 1-23v (1 + R1/R2)
el 5 5 4 | SWITCH
R +
— 174k
—  COMP 680 uf
1 LM2577-ADJ I
2.2k RZ "=
3 | oND 2k
0.33 pf N\

I =3 3

d at U s QJ -l L3
3UN 3.5 15INSEAULTIIULUY step up dMTU IwaLiies

} 74 AHI s 1 & 1 d] _a
Tdhansuee LM 2577 fiaansaiusdunalsfuhannaidominduwaildanna
o ¢y = - o wy ¢l PN N T
WisstufidnAsunlawasninan iliisesadengunsaliienunsasuatlailugag wasis
s 1 2 A" u‘j 1 (3 2/, U | <
anusaUuatasenuseImsle lnglulassnutiunlansiedwalvilianashn 18V

msslumfigennasaiuises PWM Charger

3.2.3 29933NVIITAVLIIAULUY Switching Voltage Regulatord11iu

lulasmaulnsataad
5 = dby FEEDBACK
(60V for HY) sl LM2576/ [
UNREGULATED ‘ -
DC INPUT 1 LMZS;S HV OUTPUT E?Jumga
. ; 2 OUTPUT
C‘" JIGND 5 ON/OFF D1 COUT 3A LOAD

——— e
— e

100 uF
H 15822 1000 uf
I A L |

:‘ s s o’ o s L3
JUT 3.6 19355 IEAULTITULUY step up dmiululasmeulnsaiaes
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o ) & o PR [y ' ¥ 2
diesnnlunsldaululasreulnsaeasiussniunagdssineliasudly wag
elvssuvannsaegldlaghifiesiamdnuanmeuen tmisiesaielidesdmiv
¢ v o o & Y o 1 - w
lulasmaulnsaesnie laaldivasanatiumaiiss antuEuINILI99s LM2576-5 el

1ALsITUAINT BV 1D



undi 4
lulpsmaulnsians (Microcontroller)

4.1 daulsznavvadlulasaaulnsaaas (PIC 16F8TTA)

hilasreulnsaiaesnseqa PIC vesuTemlulasdn (Microchip) lnglawiziues PIC
16F877A Wululaseeulnsataesimdalssumnuiisuegsunsvans Wewinidy
lilpsmoulvsameswuuisngiifimsussananaiuu RISC Processor (RISC : Reduced
Instruction Set Computer) IngldAdsnisussananaiiivs 33-35 Adauarldinailunns
Ussananardaiies 1 wSe 2 machime cycle slardavinty nmsUsvananasmdadudnuay
Pipe Line flovaizUssananardusn awvhmsivasmdadalvineieusely vilvinisvienu
sndann wenamislusalessadedssenousng srdswiflaiiulimedmiulirudey
Anaqunine laun Tuga Analog to Digital Converter, USART, Time/Counter. SP),
Compare/Capture/PWM, I'C iBufiu I:u@am&hﬁé’vulﬁu%mmﬁamsn'hf:’ﬁﬂiﬂ%'mu‘lé'
athwanvane Useneudusiindesifalunsianniiiounsennaanifves
lulnsaeulnsaians PIC 16F8T7A dail

- fisadslunte Assembly 35 fds

-ldmnuiesataamesligean 20 MHz

- fivheanuanlusunsy Flash Memory 9119 8 K word (14 - bit words)

- fivdeAuAUoyau Uy RAM 368 Bytes

- fimiseanudntoyaluu EEPROM 256 Bytes

- finspavausidumosinitonun 14 uvds

- ausadenszaunistesiudaya (Code Protection) la

- filyunUszndanasatu (Steep Mode)

- ammsaidenuvasdanandintivanelvun XT RC wavesadaamoindaaus

- fiafdunisnuadssnawnn v 1A PORPWRT,0ST,BOR way WDT

- MslUsunsUAITW ICSP (ICSP : In-Circuit Serial Programming)

- annsaveufilAs e 20 VE 5.5 v

- @ /0 uaavan aunsniulavidesnseualdgedn 25 mA

- ﬁ'l',ug}a Timer/Counter “Lf?fa'mﬂxmm 3 611 Timer 0, Timer 1, wag Timer 2

- §lluga CCP (CCP : Compare/Capture/PWM) 313U 2 4

- filuga Analog to Digital Converter Auaziden vun 8 Un uag 10 In §1uu 8
P03 Meludatin

- ﬂu@aﬁamiaqnwwu USART (USART : Universal Synchronous Asynchronous
Receiver/Transmitter)

- §iwes /O $17u 5 Wosw ABC,D uas E a1 1/0 saufiu 33 a0 seiiAe

PORTA i 5971 RAO fis RA5



PORTB 11 8 91 RBO 94 RBY
PORTC 1 8 941 RCO e RC7
PORTD 3 8 91 RDO f14 RD7
PORTE 1 3 91 REO g RE2

16

r

+

-

Devices Included in this Data Sheet:

+ FICtEFETIA « PICIBFETEA
« FICIEFETAA + FICIAFETT
High-Performance RISC CPU:

Oty 35 smpgie-word mstuckers to leam
Al single-cycle instrugtions exeept for program
branches which afe Two-Cycle
Operanng 4peed. D0 =20 MHz2 clock input

QG = J00 rs ingtruction oycie
Upta 8K » 14 words of Flash Program Mamory,
Up to 368 x & bytes of Dats Memory (RAKL
Upta 244 « 8 bytes af EEFRON Dats Memory
Frout compatbléto oifet 28-pr or Al44-p 0
PICICNN and RIC IR X mismeontrollers

Peripheral Features:

Timer(): 8-p brnencounte: with 3-on prascaler
Timer!. TE-oit bmer courier with prassaler.
can be ncremeniet curing Slesp via exdernial
erystaliciock

Timerd: §-bv bmarigoynter with 2-bi pericn
reqistar prascaler and postscaler

Two Caprurs. Compars, PN modules

- Capture 5 18-a, max restiubon s 125 ne
- Coampars s 18-, max resalution & 200 rg
« FWM max. resoiuton g (Db

Synchrongus Senal Fart (350 with 3F1™Y
{Master mode) and GV {Master/Siaval
Lniversal Synehmongus AsynehionoLs Recensr
Transmeer (USART/SC 1 with 884 address
detestion

Faraiel Slave Port (F3P) - € bits wide with

external RD. WR and C5 conirols |40/44-pin only

Brown-out detecton cirounry for
Browri-aut Reset (BOR |

Analog Features:

10-bit. up 1o 8-channe! Analog-to-Digital

Comeertar IAD)

Erown-out Resat (BOR)

Analo) Comparator module with:

o Two aralig Sompananscd

« Programmable on-chip voltage reference
(VEEF | module

- Programerable input multipleong from device
opute and intermal vollage relarencs

- Camparater cutouls sré exbernally accessible

Special Microcontrofler Features:

¥

"

a

100,000 grase ' write cycw Erhanced Flash
gragram mamary ypical
1,030.000 erasewrie cpze Data EEPROM

My typicat
Dats EEFROM Retenbor =40 years

Salfreprogrammable urder software contral
inCirgyd Serial Programming ™ (1058 ™)

W3 WO i

Zengle-supoly 5 n-Circun Senal Programming
Warhdop Tomer (IWDT)with &5 own on-chip RC
mscillatse for reliabile operation

Frogrammabie code pratecton

Fower saving Slean made

Salectatis nscilator optiors

tn-Circu® Debug (1001 va wo pns

CMOS Technology:

-

"

»

Low-powar, fugh-spead Flash EEFROM
techralogy

Fully state design

Wide gperating voitage range (2 3V &0 § 7V)
Commarcial and Industrial temparaiure ranges
Low-power consumptan

3117'1 4.1 uamé’hashq%’aqaﬁﬂm’mmmmmm‘lu‘[maauimaLaa%’ PIC 16F877A WU 28 91

wag 40 U




17

40-Pin POIP

B0 o, (N — (i

BATARD e [
Bl N 7 e ’:
i B e L — o
T N Y e HE

TR TR ST STT™ e
A I S e [
SETH AN st [
=2 T A e [
TP AN st ]

| L. : a9
¥ & E ;
= ol =t Ny (f

TOTICL D st |}

BECAT OSEN=1LHE — ] ¢
Ll T P s el o |

BEDEEEN g
BOAS I KECL s

Ll

RELDEEN de

= "
= =
k| »
4 I
L] »
" »
-
! g " |
2 r': n
= Fo =
w ¥ 2
< i
2 I =
1 v A
« o
- B
L -
13 a4
1 e
R P
= b4

[ e BENTDCE

o pom— T

(] e

(] e S0

7] e R

[] e WS

:-o—-i- Al

P s

et "

[ e '

) eSS EEET

(] e % Ty T T

;.‘_... b it
drceng. WTHTRT

g d— T

[ st BOETLTE

) e RS2

] . S04 D

PR =t

] e SIS BREZ

B TN
AEATS e
Brt R p—
BE2TEANT ey
W
NEE —
TR T ] g
o et T
RO OACT 1SKY e
L
(&
tl
;ﬁ.-:"ﬁpiEg'E l]!llll
i;;;;n:k“g-‘.‘; ifh;E.’.!"E
XA e e e
Bt b T
SR K R E NN 2OYED=EC
o B ~ T ﬁ_f' "
) i ore
wewrare,  |ILLEILLL
IHAE BHERRE :
1T s RAEEE
scTm T = LI s J
Bt iy e CXRY & | s gils Aw o ok ¥
nomegen e EXT 3 =" P S
poaTane = LI NP onT T
EATBEST e [RIT S PG 18EET4A [REY o e
wwa —= LRI 0 e f
vo ——ecgmr  FICIBFETTA — BrTTT T
AT S TR LI
= REOET A
T = - " RASANA SBACTTIT
SELSCH T8 e P

44-Fe PLCC

] e FACH A
] — AR A S

b e B S L g

ReTELE” |

i---g‘. 5
L
RiE
,: =

=
Jun

4.2 Lanaunteen (PIN Diagram) U89M89luusng
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|

1 . __ Cabisuw _PoTA
LE I, T
= Prugram Coumer | = ” - —
Fiash ” A AN
. i RADANI s - Cecs
Wemany i FAM ] SALANT WReFs
S LBy #lie e (] RALTOSALC 10UT
£ Regisiers =ASANGTS C20UT
Brogre
=l = Agi 9
[ irsruznonreg | A MU:?
I Oirect Aser 7
]
SowEr-up
Eiss
Ossh s
InsTucHom
Decode § | =4 SRHIE Tmer
et Sower-an
: Sase
rring | A anacg REATICLCTICK
= genersion = ' RGITIO3ICCR?
gogveer | 2roan-out ] mozcce
BIL2CKO Sese ] RCHSCKSCL
L) ACATONS0A
T RCSNDC
;.:m-wl.n?e RLGITELY
g HETRET
WCLR | Vod ¥
Tt Timert Torwrl Rl ALY
( I | Il
I | 1 I IT 1l
= . | SyChmnolE % B, WVorages
Dat EEFROM goEn 2 “Sauin Boit JEART Comparair mefr e
Deca Program Flash Dats Memory Dat EEPROM
PICIEFATIA SR A 152 By 128 Byles
FICIEFETEA S words 33 E)'EE 435 Eyies

g'd'i?'r 4.3 uansaninenssuidulassadrvedilasnoulnsaaes PIC16F8TTA
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ey Features PICIGFTSA | PICIGFSTAA | PICIGFSTER | PICIGFSTIA
Cpeeamng Frequeney OC-20WH | DC-2MHz | DC-20MHz | DC-20MMz
Resets (and Delays) POREOR | PORBOR | PORBOR | FORBOR
I IHRLOSH) | PWRLGSn | PEOS) | PRGSO
Flagh Program Memory 4, i Bk B
(145 wrds) ‘
Dta My ) 0 R ERREE
EEER0M Dsts Memory aytes 2 128 I
“ferrugts 4 ! 14 ; 15
0 Por Potgh B ¢ |k BC0E| Porsh 8 lPorsh B COE
Tmar 1 | 3 F 3
ﬂé’ptﬁtﬁmpara.ﬂ’wv —— . J r f‘ 1
Serial Communications MSGP USART |~ MSSRUSART | MSP, USART. 1-MSGR, USART
Farallel Commynizations - paR 1) e lAse
106t Anaiog-to-Cogtal Mocke | §input channels | Birgus channels | & mput charne’s f & nut charels
Hnlog Comparatos ; 2 o & /]
nsinuction et 35 Metuctons | 38 inskuchons | 38 Instruchans | 3 Instuctons
Farkiges EpnPOR | AGpnROP.C | BpnFOP | 40pn FOP
Bpn 0L |- dginPLCC | 2pnS0IC. | depin PLCC
Mg SSOP | ginTCP | Qg 3SCP | ddepin TOFP
28-pin OFN d4-gin GFY GgnQFN | Hpn OFN
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& =l v
AMIYITVBAAIEY
4.3.1 TUsunsulisulaelglusiunsu MicroC
T e——— e - - - — —

1 void main{)
z {
2 unsigned long int Vpen,Vkboost, Vkat:
4 unsigned char vO0,vl,v2,v3,v4,v5,v6,vT,vE, vo, wli0, vlil;
5 int A,.B:
& TRISA=0xFF;
7 TRISD=0;
3 Led Init (&BCRTD):
g Led Cmd (LCD _CURSCR CEF) ;

10 Led Cmd(LCD CLERR);

11 while (1)

1z {

15 Led Cmd {LCD CLEAR)

14 Vpen=hdc Read (0);

15 Vboost=Adc Read(l);

1€ Vbat=hdec_ Read(2):

17 if [vboost»=715)

18 i

18 A =3;

20 B = 3;

b b

zz if (vboost<71l5)

23 {

24 A =2;

zZ5 B = 2;

Zg }

27

if (vbat<403}

o

|
il
|

JUR 4.6 Tusunsuludouvasnisusemmiuysnneg



z8 {

29 B= 1;

30 :

31 if (vbac>=403&&vbat<7i5}

32 i

33 B=20;

34 b

35 Vepen=Vpen=483/1000%24/10; 12V
38 v0=Vpen/1000;

37 vi={(Vpen%l1000)/100;
33 v2={Vpen¥l00}/10;

39 v3=Vpen%l0;

40 Led Chxr{l,12,v0+48);
41 Led Chx(1,13,v1+438);
z Led Chy (1,14, %"}

43 Lcd Chx (1,15,v2+48);
44 Led Chr(1,16,v3+458)
45 Led Cut(l,.8."Vp ="):
48 Vhoost=Vboost*423,/1000%4; // 20V
47 v10=Yboost/1000;

4g v4=(Vboost$1000)/100;
43 ¥5=(Vboo=t%100) /10;

50 w6=Vboost%ll;

s1 Led-Ghr(2,12,v10+48) ;
52 Led_Chr (2,13, v4+48);
53 Lcd_Chr(Z,lﬂ,'.']:

54 Led Chx(2,15,w5+45);
55 Led Chx {(2/16,v6+48) ;
58 Lc:d_Out (2 , 8, fRBosty
57 switch (&)

58 i

59 case 3 1!

&0 Led Oucy2,3, "Ch') »

g1

(33 delay ms (500} ;

€3 BCRTC=0;

&4 TRISC=0;

€5 T2C0ON=0x0Z;

11 PR2=0x7C3 AL 2E2RA
&7 CCPRIL=0x1F; //i3120
€8 CCP1CON=0x%0C>
€9 T2CCN.THMR2CN=1;
70 delay ms(200)7
T break;

7 case 2

73 LeduCute (2,1, "Law) IF! )
74 delay ms (500} ;

75 PORTC=0;

78 TRISC=0;

77 T2CON=0x02;

78 PR2=0XFE;

78 CCER1L=0x00;

20 CCP1CCN=0x0C;
81 T2CON.THMR2CN=1;

d H o e
5UM 4.7 Wsunsuluduresnsasiadassiuusidiunazaniug
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100
101
102
103
104
195
108
107
108
103
110
. e
11z
113
114
115
11s
117

gt

delay ms(200);
break;
Led Cmd (LCD _CLEAR) ;
Voat=Vbat~482/1000%4; //20V
w11=Ybat/1000;
vI=(Vbat3l000}/100;
vE=(Vbat3l00} /10;
wa=Vkat$l0;
Led Chr(l,1,v11+48};
Led Chxr(1,2,v7+48);
Led Chr{l,3,"."'):
Led Chr(l,4,vE+48);
Lecd Chr(l,5,wB+48):
Led Cuc(l,7,"Vbat"}):
switch(B)

{
case 1:
Led Cuti(2,1, "LOW") ;
delay m=2(500):
break;
case 0:
Led Cut (2,1, "Battery oy
delay ms(500);
break:
default :

Led Out (2,1, "Fall");
delay ms(500);

P | =
JUT 4.8 TUsunsuludnuensuanINaan s D IuUALNDT
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=l o i [ & 1 Y VY] [ il
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Sounsraudeulfealilenuwiwioudsenuiin Widuswfeadiuliseuies Suwhnismeass

ool o s 1, & Qs e o o &
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I, = 350mA
V,. =3.50V
V() I{mA) P(mW/)

0,00 280,00 (.00
(.76 230,00 174,80

: : :
Ao 150,00 376.50
3. 120,00 351.20
Bt 90,00 279,90
3.23 60,00 193.80
3.29 30.00 98.70
3.50 0.00 0,00

d L7 U Qr 0 u -
JUN 5.1 maauanipudniusseninnssual) usesi (V) uaeias (P) veunaliies
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530 Line regulation ¥8433959¢ldiNan15vnaBIRIgUn 5.3

22.00

18.00
16.00

Vout ( Volt )

6.00

2.00
0.00

20.00 4

Line Regulation

TA00 ez
12.00 -
10.00 -
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o \ O UL
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

- PIC1GFBTEA
« PIC16FBTTA

- PIC16F873A
» PIC1GF874A

High-Performance RISC CPU:

- Only 35 single-word instructions fo leamn
- All single-cycle instructions except for program
branches, which are two-cycle
Operating speed: DC — 20 MHz clock input
DC — 200 ns instruction cycle
« Up to 8K x 14 words of Flash Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM),
Up to 256 x & bytes of EEPROM Data Memory
- Pinout compatibie to other 28-pin or 40/44-pin
PIC16CXXX and PIC16FXXX microcontioliers

.

Peripheral Features:

Timerd: 8-bit timer/counter with 8-bit prescaler
Timer1: 16-bit timer/countar with prescaler,
can be incremented during Sleep via external
crystal/clock

Timer2: 8-bit timerfcounter with 8-hit period
register, prescaler and postscaler

Two Capture. Compare. PWM modules

- Capture is 16-bit, max. reselution is 12.5 ns

- Compare ls 16-blit, max. resolutionis 200 ns

- PWM max. resolution is 10-hit

« Synchronous Serial Port (SSP) with SPI
(Master mode) and 12C™ (Master/Slave)

-+ Universal synchronous Asynchronous Receiver

Transhitter (USART/SCly with 9-bit address

detection

Parallel Stave Fort (FSP) — 8 bits wide with

external RD, WR and CS confrols (40/44-pin only)

Brown-cut detection circuitry for

Brown-out Reset (BOR)

.

.

Analog Features:

- 10-bit, up to 8-channel Analog-te-Digital
Converter (A/D)
+ Brown-out Reset (BOR)
- Analog Comparator module with:
- Two analog comparators
Programmable on-chip voltage reference
(VREF) module

Programmable input multiplexing from device
inputs and internal voltage reference

Comparator outputs are externally accessible

Special Microcontroller Features:

+ 100.000 eraseMrite cycle Enhanced Flash
program meimory typical

- 1,000,000 erasefwrite cycle Data EEPROM
memory typical

- Data EEPROM Retention > 40 years

-+ Self-reprogrammable under software cantrol

+ [n-Circuft Serial Programming™ (ICSP™)
via two pins

- Single-supply 5V In-Circuit Serial Programiming

+ Watchdog Timer (NDT) with #ts own on-chip RC
oscillator for reliable operation

+ Programmable code protection
Power saving Sleep mode

- Selectable oscillator options

+ in-Circuit Debug (ICD} via two pins

CMQOS Technology:

« Lew-powet, high-speed Flash/EEPROM
technology

« Fully static design

- Wide operating volfage range (2.0V to 5.5V)

« Commercial and Industrial temperature ranges
+ Low-power consumption

£ 2001-2013 Microchip Technology Inc.

Program Memory Data MSSP -
EEPROM 10-hit | CCP Timers
Device : SRAM [[{e} USART Comparators
# Single Word Bytes AID (ch} | (PWM Master P
Bytes | nstructions |(BYtes) e b )| P ic e
PICI6F8T3A | 72K | 4096 | 192 | 128 | 22| 5 | 2 |Yes| Yes | Yes | 2N
PIC16F874A ) 7.2K 4098 192 128 33 g 2 Yes| Yes Yes 2N 2
_IPIC16F8T6A | 14.3K 8192 368 256 22 5 2 Yes| Yes Yes 21 2
[PIC16F877A|14.3| 8192 38 | 256 33| 8 | 2 |Yes| Yes | Yes | 21 2

DS39582C-page 1




PIC16F87 XA

Pin Diagrams

28%-Pin PDIP, SOIC. SSOP
MCLRApe — L]°1 R 28] «—~ RB7/PGD
RAwAND = L] 2 27 ] =— RBEPGC
Ratant =— L] 3 26/ ] = RBS
RAZIAN 2VREF-ICVREF =—= | 4 g 25/ =+ RB4
RAYVANSVREF+ =[] 5 b 24[] = RB3PGM
RA4TOCKIICIOUT =[] & g 23[] =-= RB2
RASIAN4SS/IC20UT =+ [ 7 P 22[7] =— RB1
vss— L] 8 e 21[] == RBOANT
osctic —=[] 9 w 20[] =— voo
osc/clko =— [ 10 by 19[] =— vss
RCIVT10SOIMICK =—= [] 11 = 18[] =—= RCURX/DT
RCUT10SI/CCP2 = []12 17[] == RCETX/CK
RC2/CCP1 “—"E13 16:[ ~—» RC&SDO
RC3/SCK/SCL =— E[M 151 =—= RC4/SDI/SDA
28-Pin QFN
RAZAN2AVREF-/CVREF —=—
RA3/ANNVREF+ =—=
RAAITOCKICIOUT ==
RAS/IAN4/SS/C20UT ~—»
VSS —»
OSCI/CLK| —v
OSC2CLKO +—
= o~ ¥
44-Pin QFN a0
o) 1 155
< O oK
Oo¥Eeaol S ad8
X OOmwunmon o 0 = o 5
CO@aeaaeano e
CHTON—OmN —O
QOOOO0OOD000 OO
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
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RAZ/ANIVREF+ w-—e[] 5 36 [] =— RB3/PGM
RAATOCKICTOUT =— [ 6 35 [] =~— RB2
RAS/ANASS/C20UT =—e[] 7 I u-— R8I
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PIC16F87 XA
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TO OUR VALUED CUSTOMERS

[t is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150
We welcome your feedback

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:

http:ffwww microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page
The last character of the literature number is the version number, {e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operationa differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:
+ Microchip’s Worldwide Web site; hitp:/Mww.microchip.com

- Your local Microchip sales office (see last page)

+ The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting a sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our Yveb site at www.microchip.comicn to receive the most current information on all of our products.
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:
- PIC16F873A
- PIC16F874A
+ PIC16F876A
+ PIC16F877A
PIC16F873A/8T6A devices are available only in 28-pin
packages, while PIC16F874A/877A devices are avail-
able in 40-pin and 44-pin packages. All devices in the
PIC16F87XA family share commeon architecture with
the following differences:
- The PIC16F873A and PIC16F874A have one-half
of the total on-chip memory of the PIC16F876A
and PIC16F877A
+ The 28-pin devices have three 1/Q poits, while the
40/44-pin devices have five
+ The 28-pin devices have fourteen inferrupts, while
the 40/44-pin devices have fifteen
The 28-pin devices have five A/D input channels.
while the 40/44-pin devices have eight
+ The Parallel Slave Port is inplemented only on
the 40/44-pin devices

The available features are summarized in Table 1-1.
Block diagrams of the PICI6F873A/BT6A and
PIC1GF8T4A/BTTA devices are provided in Figure 1-1
and Figure 1-2, tespectively. The pinouts for these
device families are listed in Table 1-2 and Table 1-3.

Additional information may be found in the PIC® Mid-
Range Reference Manual (DS33023), which may he
obtained from your local Microchip Sales Representative
or downleaded from the Microchip web site. The Refer-
ence Manual should be considered a complementary
document to this data sheet and is highly recommended
reading for a better understanding of the device architec-
ture and operation of the peripheral modules.

TABLE 1-1: PIC16F87XA DEVICE FEATURES
Key Features PIC16F873A PIC16F874A PIC16F876A PIC16F877A
Operating Frequency DC - 20 MHz DC-20MHz | DC-20MHz | DC-20 MHZ_‘
Resets (andDelaysy | POR,BOR | POR,BOR | POR,BOR POR, BOR
(PWRT. OST) (PWRT, OST) {PWRT. OST) {PWRT, OST)
Flash Program Memory 4K 4K 8K 8K
i (14—])11 wmds;
]Data Memow (bytes 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 14 Wi o 14 15
'uo Poits ~PoitsA.B,C [Ports A.B.C.D,E| PotsA,B.C |PortsA.B,C.D,E|
Tlnels 3 3 ] 3 3
'Capturea'CompateIPWM mociu!es ' gl S .“2' S | o V4’4 2
"éeﬁa’[ Communications | MSSP, USART | WISSP, USART | MSSP.USART | MSSP,USART
Parallel Communlcatlons — PSP — PSP
10-bit Analog-to-Digital Module | 5 input channels | 8 input channels | 5 input channels | 8 input channels |
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Instructions
Packages 28-pin PDIP | 40-pin PDIP 28-pinPDIP | 40-pnPDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC . 44-pin PLCC
28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TOFP
28-pin QFN 44-pin QFN 28-pin QFN 44-pin QFN

£ 2001-2013 Microchip Technology Inc.

DS39582C page 5



PIC16F87 XA

FIGURE 1-1:

PIC16F3873A/876A BLOCK DIAGRAM

13 Data Bus 8 PORTA
i fPrngarr'l Cnunzer}._ ! 7/ RANAND
i, AN dh RA1AN
Program ¥ J ] RA2/AN 2VREF-ICVREF
Memory RAM RAJANINVREF +
8 '-ﬁ’;'bifc" | Fle RA4/TOCKI/C10UT
| Registers RASIANA/SS/C20UT
Program /{r Lf—'
Bus " | RAM Addri1t i 9
v/
Instruction reg
1 E ; i 11 Ingirect PORTH
il Direct Addr 7 | 3
i: |,‘j‘—‘f‘_‘;';, e '**/‘ =] J} Addr I _— RBOANT
I | | RB1
- [ RB2
il | f1+—[X] RBIPGM
8 b L RB4
(. U] e
I I 1—+X] RBEPGC
i Power-up [ F*;ﬂ —hes
%y Timer
i Oscillator
Datncaop | «—-d | startup Timer
Control Power-on
4 Reset PORTC
kA o]  Timingd ig Watchdog i RCO/T10SO/TICKI
< i eneration | Timer | RC1/T10SICCP2
OSC1/CLKI —— e & Brown-out nome - i RC2/CCP1
0SC2/CLKO Reset . RC3/SCKISCL
In-Circuit 9 1 RC4/SDI/SDA
Debugger i RC5/5D0
Low-Voltage ’ RCBITKICK
Programming RC7/RX/DT
MCLR VDD, Vss
Timer0 ’ Timer1 l Timer2 10-bit A/D
ji : p
| il ] L, I
| Synchronous Voltage
Data EEFROM | { CCP12 , [ Serial Poit | USART Comparator Reference
. - . > N A . S 8 SN
[ Device Program Flash Data Memory Data EEPROM J
PIC16FB73A 4K words 192 Bytes 128 Bytes ]
PIC16FB76A BK words 368 Bytes 256 Bytes |
Note 1: Higher order bits are fram the Status register.

DS39582C-page 6
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PIC16F87XA

FIGURE 1-2: PIC16F874A/877A BLOCK DIAGRAM
e ,1,? Program Counter i y 7
S hill L gl 1 RAD/AND
Flash i) I RA1/AN 1
Program ¥ | RAIAN 2VREF JCVREF
Memoary 8 Level Stack RAM i RA3/AN 3AVREF +
(13bi) File | RAA/TOCKICIOUT
Registers i RAS/AN4/5S/C20UT
Program il
B 14/ RAMAGA® ;g | PORTB
i RBO/INT
Instruction reg i RB1
— O RB2
[ i 7 i [Indirect 1!
|| Direct Addr : I 8y ada |l RB3/PGM
[ij | RB4
{1 FSRreg |7 RBS
- I i k REE/PGC
(1 o — "+ Statusreg ¢ RE7/PGD
; ‘ s Ted
i o ‘ . , RCO/T10SO/TICKI
i Power-up 3/, MUX  / RCUTIOSIICCP?2
1 S e ) - RC2/CCP1
T , e & ! scafscmsa
Decode & |7} 7 | Startup Timer| | ! /A i C4/SDI/SDA
Cortral N\ ALY/ | RCS/SDO
Power-on i = | RC6/TK/CK
Reset /8 e i
> & S { : RCT/RX/OT
i g —— C {1 }
. | aeneraton || e || |
OSC1/CLKI ~ Brown-ott ' i RDO/PSPO
0SC/CLKO Reset i g AN
in-Circuit ! RD2/PSP?2
Debugger ! RDI/PSPI
Low-Voltage i RDA/PSP4
Prmgramming 1l RDS/PSPS
owa m K | /! RDE/PSAE
I i RD7/PSPT
it
Y z H
MCLR VD, VSs i 4—+X] REG/RD/ANS
" L—-—IX] RE1ANR/ANG
5 ~[X] RE2/CS/ANT

Timero 1 mimert Timer2 | 10-bit AD i falel |
. P/ 1] e il s

! Synchronous Valtage
Data EEFROM ] CCP1,2 1 Serial Port ( USART Comparator Reference
Device Program Flash D ata Memory Data EEPROM
PIC16FB74A 4K words 192 Bytes 128 Bytes
PIC16FBT7A BK words 2 368 Bytes 256 Bytes

Wote 1. Higher order bits are from the Status register.
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PIC16F87 XA

TABLE1-2:  PIC16F373A/876A PINOUT DESCRIPTION

[ 1 i
: PDIP. SOIC, | QFN | l[OfP Buffer i g
| Einhlanie SSOP Pin# | Pin# | Type | Type Description
OSCCLKI ' 9 6 sT/ICMOS!™ | Oscillator crystal or extemal clock input.
0sC1 | Oscillator crystal input or external clock source input. ST
buffer when configured in RC mode; othenwise CMOS.
| CLKI | External clock source input. Always associated with pin
e function OSC1‘(seAe OSC1/CLKI OSCZ’CLKO pins).
OSC2/CLKO 10 7 — Oscillator crystal or clock output
0sC2 (0] Oscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
CLKO 0} In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
L L N frequen cy of OSC1 and denotes the mstrucnon Cycle rate
MCLR/VPP 1 26 21 Master Clear ( mput) ar programming vo!tage [output)
MCLR | Master Clear (Reset}input. This pin is an active low Reset
{ to the device.
L VYPP . - P i Progfammmg voltage 1nput B - 3
PORTA is a bidirectional 1/O port
RAO/ANO 2 27 RH-
RAD Ie] Digital [/O.
ANO | Anaoginput 0
RA1/AN 3 28 TTL
| RA1 11O Digital /O
AN1 | Analoginput 1.
j RAZJAN2NREF / 4 1 TTL
] CVRi t{e} Digital O .
RAZ I Analoginput 2.
i ANZ | AD reference voltage (Low) input.
s VREF- @] Comparator VREF output.
1 CVREF
' RA3/AN3/NVREF+ 2 2 TTL
I RA3 I{e] Digital IfO.
! AN3 | Analog input 3.
i VREF+ | | AID reference voltage (High) input.
E RAATOCKI/C10UT | 6 3 ST
r RA4 1[e] Digital 110 — Open-drain when configured as output
TOCKI i ! Timer0 external clock input
i c1ouT { 0 Comparator 1 output.
[RASIAN4/SSIC20UT | 7 4 TIL
{ RA5 ; o) Digital 1/0.
i TAN4 ; dl ' Analoginput4.
| SS | SP slave select input.
| c2our | ] Comparator 2 output.
Legend: | =input 0 = output 11O = inputfoutput P = power
—=Notused TTL =TTL input ST = Schmitt Trigger input
Note 1: This buffer is @ Schmitt Trigger input when configured as the exteral interrupt.

2:
3:

This buffer is a Schmitt Trigger input when used in Serial Programming mode.
This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

DS39582C page 8 " & 2001-2013 Microchip Technology Inc.




PIC16F87XA

TABLE 1-2:  PIC16F873A/876A PINOUT DESCRIPTION (CONTINUED)
; PDIP, SCIC, | QFN | 11O/P Buffer S
FinHNams SSOP Piné | Pin# | Type |  Type Description
PORTB is a bidirectional 1/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs
E RBOANT 21 18 TTUST!
: RBO ffe] Digital IfO.
INT [ External interrupt
RB1 22 19 f{e] TTL Digital liO.
RB2 23 20 [I{e] TTL Digital IfO.
RB3/PGM 24 21 TTL
RB3 11O Digital IfO.
PGM | Low-voltage (single-supply) ICSP programming enable pin
RB4 25 22 11O TTL Digital /O
RB5 26 23 Ife] T Digital IO .
RE6/PGC 27 24 TTLST?
RB6 IfO Digital 11O
PGC | In-circuit debugger and ICSP programming clock,
RBY/PGD 28 25 TTUsT®
RrRBY f{e] Digital /O,
PGD 7 _{ l{e] In-circuit debugger and ICSP programming data
PORTC is a bidirectional /O port.
RCOMIOSOMICKI 11 8 SE
RCO 110 Digital /O
T10S0 0 Timer1 oscillator output.
T1CKI | Timer1 external clock input.
RCUT10SI/CCP2 12 9 S
RC1 1fO Digital 1/O.
T10SI I Timer1 oscillator input.
CCP2 l]e} Capture2 input, Compare? output, PYWM?2 output
RC2/CCP1 13 10 ST
RC2 fe] Digital IfO.
CCP1 O Cepturet input, Compare’ output, PYWH1 output
| RC3/SCK/SCL 14 11 ST
| RC3 F{e] Digital 110.
: SCK i 1{e] Synchronous seria clock input/output for SP| mode
- (O Synchronous serial clock inputioutput for 1°C mode.
| RCAISDISDA | 15 12 S0
! RC4 , f{e] Digital /0
| sDi l i SPI datain.
| SDA | 1o 2C data /0.
'RC5/SDO I 16 13 ST
| RCS | H{e] Digital /0.
| SDO ! 0 SP! data out.
RCBTXICK 17 14 ST
RCB te] Digital IO,
TX o) USART asynchronous transmit.
CK t{e] USART1 synchronous clock.
RCIRADT 18 15 ST :
RC7 He] Digital 110
RX | USART asynchronous receive.
oMo | USARTsynchronousdata
Vss - J?_-J 9 5.6 P — Ground rgference for logic and JIQ pins.
voo 2(2__ B 1'{'4 | iR — Pojsigjyg supply for logic and IfO pins.
Legend: | =input Q = qutput QO = inputfoutput P = power
—=Notused TTL =TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the extemal interrupt.
2t This buffer is a Schmitt Trigger input when used in Serial Programming mode. _
3. This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a2 CMOS input othenwise.

& 2001-2013 Microchip Technology Inc.
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-M-C-C- FR201

Micro Commercial Components

21201 Itasca Street Chatsworth THRU

CA 91311

Phone: (818) 701-4833

Fax: (818)701-4939 FRZOT
mf}fggf 2 Amp Fast
i s MR Recovery Rectifier
¢ Low Forward Voltage Drop
«  High Current Capability 50 to 1000 Volts
« Fast Switching Speed For High Efficiency

e Operating Temperature: -55°C to +150°C
e Storage Temperature: -55°C to +150°C

Microsemi | Device Maximum Maximum | Maximum
Catalog | Marking Recurrent RMS DC
Number Peak Reverse | Voltage Blocking

Voltage Voltage
FR201 - 50V 35V 50V
FR202 o 100V 70V 100V
FR203 —- 200V 140V 200V
FR204 — 400V 280V 400V
FR205 —- 600V 420V 600V
FR206 —- 800V 560V 800V
FR207 1000V 700V 1000V

Electrical l:haracmistics @256 Unless Otherwise Specified

DO-15

DIMENSIONS

INCHES

MM

1.000

—= 25.40

Gt M MAX M MAX NOTE
A 230 .300 5.80 7.60
B 104 .140 260 3.60
C .026 .034 .70 .80
D

A\Ierage Forward IF(AV) 2A TA = 55°C
Current
Peak Forward Surge lesm B0A | 8.3ms, half sine
Current
Maximum lem = 2.0A;
Instantaneous Ve 1.3V =25°C
Forward Voltage
Maximum DC
Reverse Current At ) 5.0uA | Ty =25°C
Rated DC Blocking 100pA | Ta=100°C
Voltage
Maximum Reverse
Recovery Time
FR201-204 T 150ns | =0.5A, Ir=1.0A,
FR205 250ns | L=0.25A
FR206-207 500ns
Typical Junction C; 40pF | Measured at
Capacitance 1.0MHz, Vg=4.0V

*Pulse Test: Pulse Width 300pusec, Duty Cycle 1%

www.mccsemi.com




FR201 thru FR207 M ’ CC

Figure 1
Typical Forward Characteristics

20
// Figure 2
10 = Forward Derating Curve
3.0
6 / ]
" /
2.5
2
D
25°C 20
Amps 1 /
7
8 i 15
4 V/ Amps
1.0 R
2 / \\
\\
A 5 N
Single Phase, Hially ave
] 3 % b
06 /‘, . i \ve LUH'T]
.04 / 0 50 7s) 100 125 150 175
/ °c
.02
| Average Forward Reclified Cumrent - Yymperesversus
.01 Ambient Temperature -°C
4 G4 8 10 Li— GOF » iy s
Volts

Instantaneous Forward Current - Amperesversus
Instantaneous Forward Voltage - Volts

Figure 3
Junction Capacitance

100
60
40

e

20 =
PP 10 =25t TN

6
4
2

A 2 4 1 2 4 10 20 40 100 200 400 1000
Volts

Junction Capacitarnce - pFversus
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FR201 thru FR207 MCC

Figure 4
Maximum Non-Repetitive Forward Surge Current

90

75

60

Amps 30 N

: | T

1 2 4 6 810 20 40 60 80100

Cycles

Peak Forward Surge Current - Amperesversus
Number Of Cycles At60Hz - Cycles

Figure 5
Reverse Recovery Time Characteristic And Test Circuit Diagram
50Q 10Q
VA N\
L | Pulse
~—25Vdc Generator
7 Note 2
1Q Oscilloscope
Note 1
m
Notes: Set Time Base for 20/100ns/cm

1. Rise Time = 7ns max.

Input impedance = 1 megohm, 22pF
2. Rise Time = 10ns max.

Source impedance = 50 ohms

3. Resistors are non-inductive

www.moececsemi.com
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SHENZHEN AV-DISPLAY CO.,LTD.

1. FUNCTIONS & FEATURES

1.1. Format : 16x2 characters

1.2. LCD mode : STN / Positive /Transflective Mode / Grey
1.3. Viewing direction 16 o’clock

1.4. Driving scheme :1/16 Doty , 1/5 Bias

1.5. Power supply voltage (Vpp) 150V

1.6. LCD driving voltage(Vop) 142V

1.7. Operation temp :-20~70C

1.8. Storage temp :-30~80°C

1.9. Backlight : White (Edge)

1.10. RoHS compliant.

2. MECHANICAL SPECIFICATIONS

2.1. Module size : 80.0mm(L)*36.0mm(W)*14.5(H) max mm
2.2. Viewing area : 62.2mm(L)*17.9mm(W)
2.3. Character pitch 1 3.55mm(L)*5.95mm(W)
2.4. Character size 1 2.95mm(L)*5.55mm(W)
2.5. Dot pitch 1 0.55mm(L)Y*0.65mm({ W)
2.6. Dot size 2 0.60mm(L)*0.70mm{ W)
2.7. Weight : Approx.
3. BLOCK DIAGRAM
VSS - "7 ! comig ] S G
VDD e ) LCD Panel | < VDDE50V)
Vo —————=1-" CONTROL | ) O
RS —— LS ] LCD - T Vo
RW -~ - SPLCTBOD ’ (e
E ..o 0rKSQ066 |  seg8O :i {1 VR(0~20K)
DBO-DB7 <= 7 "R NN - MODULE | T VSS(oVv)
E g A LEDA(+5.0V)
t:gﬁ ; L W - B 4N LS ‘f J Backhght ‘l - LEDK(0V)
Figurel. Block diagram



auI[Ino [euoIsudwL(] ‘7 2angig

! 1 | > = 7 - i - sy
i ) ‘ = : 2 : . J_ ! 5 ;
| REV® & J4DESCRIPTION A £ & DATE E &0 | |

{ | First issue Nov.10-2006 I

A

Specification:

VEWINGEDIREC TION

75, VLOD:4.2¥\ VDD:5s0Y

ngs Dutys? /16,

g \directiog? 6 O'clock

Disptay mode: STN/Paositive/ Transfléctive/Grey
Operatirg temp.: —20'C~+70°C
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5. PIN DESCRIPTION

| No. | Symbol Function
+2 VDD Power supply for Logic(+5V)
2-1 VSS GND(0V)

VO Power supply for LCD drive

RS Register selection (H: Data register, L: Instruction register)
R/W Read/write selection (H: Read, L: Write)

E Enable signal for LCM
7~14 | DB0~DB7 | Data Bus line

15 LEDA Power supply for Backlight(+5.0V)

16 LEDK | Power supply for Backlight(0V)

Qv | R P

6. MAXIMUM ABSOLUTE LIMIT

Maximum Absolute Power Ratings

Characteristic Symbol Unit Value
Power Supply Voltage Yoo v -0.3t0 +7.0
Operating Voltage Vien W Vpp-16.0 to Vp+ 0.3
Input Voltage Vi vV 0.310 Vppt 0.3

NOTE: Voltage greater than above may damage the circuit.
VDD >V1>V2>V3>V4>\V5

Temperature Characteristics

Characteristic Symbol Unit Value
Operating Temperature Terr 'C -30 to +85
Storage Temperature _ Ts1o C -55 10 +125
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7. ELECTRICAL CHARACTERISTICS

7.1 DC CHARACTERISTICS
(VDD =4.5V ~ 5.5V, Ta =-30"C ~ +85C)

Characteristic Symbol Condition Min Typ Max Unit
Operating Voltage Voo - 4.5 - 5.5 W
Operating Current o Internal oscillation or - 0.35 0.6 m#

external clock (Ypp = 5.0V
fosc = 270kHz)
Input Voltage (1) V1 - 24 - Voo v
{except OSC1) Vi - 0.3 - 06
Input Voltage (2) Vi - Vipe 1.0 - Voo \%
{OSC1) Ve - 0.2 - 1.0
Output Voltage (1) Vorr | o = -0.208mA 2.4 % - v
{DBO to DBT) Varr | loL=1.2mA - - 0.4
Qutput Voltage (2} Vorz | o =-40uA 0.9Vpp - - v
{except DBO 10 DB7) Vore |l = 400A = — 0Wpp
Voltage Drop Vdeop | o = 20.1mA - - 1 W
Vileppy 4 — 1
Input Leakage Current ks | Y= 0V to Vg 1 - 1 uA
nput Low Current Iy Wi = OV, Vpp = 8Y (pull up) -50) -125 =250
Internal Clock fracr |RIE 9Tk £ 2% (M =58Y) | 190 270 350 kHz
{external Rf)
External Clock Re Ol 3 125 270 350 kHz
duty 45 50 55 %
e tp - - 0.2 A
LCD Driving Yoltage Vien | Voo Vs (175, 1/4 bias) 3:0 = 13.0 V
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7.2 AC Characteristics
(VDD =4.5V ~ 5.5V, Ta=-30 T~ +85C)

Mode Characteristics Symbol Min Typ Max Unit
E Cyole Time Io SO0 " .
E Rize [Fall Tims lr. g - = 20
E Fulse Widlh (Hiah. Low) by 220 - -
el ["‘"":i_"‘ i RA and RS Selup Tims lsut 40 - - s
frafer 1o Fiaure-G) e = -
FAY and Bs Hald Time b4 10 - -
Dala selup Tima latz a0 - -
Data Hald Time IH2 10 - -
E Cyele Time ke 500 - -
E Rise (Fall Time lg. g . : 20
E Pulse Widih iHigh, Lo Y 230 - -
Read Mode e — 1
_ N N and RS Selup Time Isu 40 - - ns
frafar o Figure-7) - = >
R and RS Hold Time Iy 10 - -
Data Cutput Delay Time N - - 1200
Data Hald Time {CH ) - -
A
RS )E VIL i(
tsui }‘M
RA \‘ ViL1 ' % o
[ th1 I
— b
E YIH1
1 K - R
M tsuz 4 m'I
) J Iy
DE0-DBT Wil valdDala KoY
L te
Figure 6. Write Mode Timing Diagram
Rs p &7 ‘
(2] h
RV T VM1 VIHA
th
-
i K I
b —J toH
- YT 3 5 T
DBO-DB? Vool vampata K Vory

1c

Figure 7. Read Mode Timing Diagram




RN RKHERAESL A B ERA S

SHENZHEN AV-DISPLAY CO.,LTD.

8. CONTROL AND DISPLAY INSTRUCTION

Instruction

Instruction Code

Description

Execution time

rs |Rw | DB7 | DBS | DBS { DR4 | DB | DB2 | DB1 | DBO Instruction Code (fsoc=270kHz)
Write "20H" to DDRAR. and set
Clear Display 1] 0 o a 1} o 0 0 a 1 | DDRAR address o "00H" from 1.53ms
AC.
Set DDRAM acdrees to "00H"
from AC and raturn cursor toits
Return Home 1] 0 3] 0 a 0 0 0 1 X} original position if shifted. 1.53ms
The contants of DDRAM ara not
changad,
Assign cursor moving direction
¢ Wod
E”"gé‘: “lololololoflolol 1] ip]sH|andmakeshitofentre display 20us
anatie,
Display Sel display(D), curson C). and
ONIOFF 0 0 0 ] 0 0 1 D ¥ B | blinking of curson B) on/off 20us
Canlrol cotired bit.
Sel cursor moving and display
Cursor or . = ” L L S -
Display Shift 0 0 0 0 1] 1 |SCJRLY X X | shift contral bit, and the direction, 20us
s without changing DORARM data,
Sel interface dala length (DL 4-
) - . . | bit’S-bity. numbers of display line
&l 1] [ 0 0 1 DL} N F X X 3
PRGN 2 ¢ ' {H: Hina2-line). display font s
typaiF : S X & dols/ 5X 11 dots)
A )
Sel CGRAM 0 0 0 1 Lacs Laca Laca b acz Lact | aco Sel CGRAK address inaddrass Wps
Address counter.
Al Sel DDRAR i
SetDORAM |0 ' 07| 1 {acs | acs | aca | aca faca}act ] acs | 5% PORAM addmss in address Wps
Address COUNLEr,
s e e
Flag and o | 1 | eF |ace]acs | aca | acs | acz act | aco Yy read i Ops
Address BF. Thz contents of addrass
countar can also ba read.
Write Data to Write data into intemal RARK
1 0 D7 { DE | D5 f D4 D3 | D2 | D1 | DO
RAN {DDRAKC GRAR). i
Read Dala . ) h s Read data from intamal RARM
from RAkI ! J NI [T (DDRAMICGRAM), Mps

NOTE: When an MPU program with checking the Busy Flag (DB7) is made, it must be
necessary 1/2 Fosc is necessary for executing the next instruction by the falling
edge of the 'E' signal after the Busy Flag (DB7) goes to “Low”.
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9. CHARACTER GENERATOR ROM

“~ Uppn l i l ‘
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10. ELECTRO-OPTICAL CHARACTERISTICS

( Voo = 5.0V, Ta=25°C)

Item Symbol | Condition Min Typ | Max Unit
Overating Voltage Ta=-20°C 4.6 4.8 5.0
P on 2| Vop [ Ta=25°C | 40 | 42 | 45 v
Ta=70°C 3.7 3.8 4.0
Response time g? Ta=25°C = égg e r:l:
Contrast Cr Ta=25°C -— 4 — -
- 0 -40 --- +40 deg
-
Viewing angle range o Cr=2 20 — 40 dog
Br 1 ) f ected segrent(B2) Normo ! (8=0) ,Viewing Angle Ronge 8

i A

y l" _go _Brightness curve for non-selet ted: segnent ,
E ‘ b {"/ _Brightness cunve for selected segnent e A, ~ N
. ‘ ‘ \_‘. /// ‘r‘/_/ /
[: | f‘ I f ?-\‘ A
(aa] . Bl .

| B f L Wr

- e DS\ NS " i
|VUF' Priwvi ng Voltoge ( F?:j‘;r‘ Fe? \::\‘i\\ i /:'._,.v/' \ w‘,f"\. )
(9:00) N7 e (B0
2 (6:00)
11. BACKLIGHT CHARACTERISTICS
LCD Module with edge LED Backlight
ELECTRICAL RATINGS
Ta=258C
Item Symbol Condition Min | Typ Max Unit

Forward Voltage VF [F=30mA 2.8 3.1 33 \%

Reverse Current IR VR=5V — 30 - uA

Luminous Intensity (With v IF=30mA A™ 20 — Cd/m?

LCD dots off)

Wave length Ap IF=30mA - - - nm

Color White
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12.QUALITY SPECIFICATIONS

12.1 Standard of the product appearance test
Manner of appearance test: The inspection should be performed in using 20W x 2 fluorescent

lamps. Distance between LCM and fluorescent famps should be 100 cm or more. Distance

between LCM and inspector eyes should be 30 cm or more.

Viewing direction for inspection is 45 from vertical against LCM.

L 1

Fluorescent
Lamps A S
30cem min 100em iy
i45" 45;
i 7 !

Definition of zone:

A Zone

B Zone

A Zone: Active display area (minimum viewing area).
B Zone: Non-active display area (outside viewing area).

12.2 Specification of quality assurance
AQL inspection standard

Sampling method: MIL-STD-105E, Level 11, single sampling
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Defect classification (Note: * is not including)

Classify Item Note AQL
Major Display state Short or open circuit 1 0.65
LC leakage
Flickering
No display
Wrong viewing direction
Contrast defect (dim, ghost) 2
Back-light 1.8
Non-display Flat cable or pin reverse 10
Wrong or missing component 11
Minor Display Background color deviation 2 1.0
state Black spot and dust 3
Line defect, Scratch 4
Rainbow 5
Chip 7 6
Pin hole 7
Protruded 12
Polarizer Bubble and foreign material 3
Soldering Poor connection 9
Wire Poor connection 10
TAB Position, Bonding strength 13

10
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SHENZHEN AV-DISPLAY CO.,LTD.

Note on defect classification

No. Item Criterion
1 Short or open circuit Not allow
LC leakage
Flickering
No display

Wrong viewing direction

Wrong Back-light

2 | Contrast defect Refer to approval sample

Background color deviation

3 Point defect, "'fY Point Acceptable Qty.
Black spot, dust H 3 Size
(including Polarizer) X $<0.10 Disregard
10.10<$<0.20 3
0.20<¢<0.25 7
¢ = ()2 0.25<$<0.30 1
$>0.30 0
Unit: mm
4 | Line defect, <ol §
3N %) W Line Acceptable Qty.
Scratch e L W
I ~ 10.015=W Disregard

3.0=L | 0.03=W
2.0=L | 0.05=W

1.0=L 0.1>W 1
e 0.05<W Applied as point defect

2

Unit: mm

5 WG Not more than two color changes across the viewing area.

11
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No Item Criterion
6 | Chip
Acceptable criterion
X Y Z
Remark: <2 0.5mm <t/2
X: Length
direction
Y: Short
direction
Z: Thickness A Bls sitert
direEtion y — cceptable criterion
X X Z
’ &—
t: G!ass \[, '%\\ \ \ <2 0.5mm £+t
thickness ] '
W: Terminal T 7
Width
Acceptable criterion
X 3 Z
=3 =2 =t
shall not reach to 1TO
Acceptable criterion
X ) 4 &
Disregard =0.2 =t
Y Acceptable criterion
N X ¥ L
] | <5 <2 <u3
b A
X

12



RN TR ERAETL A FRAE)
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No. Item Criterion
7 | Segment (1) Pin hole
patemn . ¢ < 0.10mm is acceptable.
W = Segment width
= (X+Y)2
Point Size Acceptable Qty
d==1/4W Disregard
1/4W< p=1/2W 1
0>1/2W 0
Unit: mm

8 | Back-light (1) The color of backlight should correspond its specification.

(2) Not allow flickering

9 | Soldering (1) Not allow heavy dirty and solder ball on PCB.
(The size of dirty refer to point and dust defect)
(2) Over 50% of lead should be soldered on Land.

Lead

50% lead
| Ware (1) Copper wire should not be rusted
(2) Not allow crack on copper wire connection.
(3) Not allow reversing the position of the flat cable.
(4) Not allow exposed copper wire inside the flat cable.
11* | PCB

(1) Not allow screw rust or damage.

(2) Not allow missing or wrong putting of component.

13
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No Jtem Criterion

12 Protruded

W: Terminal Width - \ \ Acceptable criteria:
AN\ \y

Y<04

R\ |

13 TAB 1. Position

| | THE W
, ITO | wi<13w
ull ]/[7/ HI<1/3H

HI .= TAB

2 TAB bonding strength test

TAB

P (=F/TAB bonding width) =650gf/cm ,(speed rate: Imm/min)
5pes per SOA (shipment)

14 |Total no. of acceptable asne

Defect
Maximum 2 minor non-conformities per one unit.

Defect distance: each point to be separated over 10mm
B. Zone

It is acceptable when it is no trouble for quality and assembly

in customer’s end product.

14
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12.3 Reliability of LCM
Reliability test condition:
Item Condition Time (hrs) Assessment
High temp. Storage 80°C 48
High temp. Operating 70°C 48
Low temp. Storage -30°C 48 No abnormalities
Low temp. Operating | ~20°C 48 in functions
Humidity 40°C/ 90%RH 48 and appearance
Temp. Cycle -20°C - 25°C -70°C 10cycles

(30 min <« 5 min — 30min)

Recovery time should be 24 hours minimum. Moreover, functions, performance and appearance
shall be free from remarkable deterioration within 50,000 hours under ordinary operating and storage
conditions room temperature (20+8°C), normal humidity (below 65% RH), and in the area not
exposed to direct sun light.

12.4 Precaution for using LCD/LCM

LCD/LCM is assembled and adjusted with a high degree of precision. Do not attempt to make any

alteration or modification. The followings should be noted.

General Precautions:

1. LCD panel is made of glass. Avoid excessive mechanical shock or applying strong pressure onto
the surface of display area.

2. The polarizer used on the display surface is easily scratched and damaged. Extreme care should
be taken when handling. To clean dust or dirt off the display surface, wipe gently with cotton, or
other soft material soaked with isoproply alcohol, ethyl alcohol or trichlorotriflorothane, do not
use water, ketone or aromatics and never scrub hard.

3. Do not tamper in any way with the tabs on the metal frame.

4. Do not make any modification on the PCB without consulting AV.

5. When mounting a LCM, make sure that the PCB is not under any stress such as bending or
twisting. Elastomer contacts are very delicate and missing pixels could result from slight
dislocation of any of the elements.

6. Avoid pressing on the metal bezel, otherwise the elastomer connector could be deformed and

lose contact, resulting in missing pixels and also cause rainbow on the display.

15
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LM2576/LM2576HV Series SIMPLE SWITCHER® 3A Step-Down Voltage Regulator

Check for Samples: LM2576, LM2576HV

FEATURES
= 3.3V, 5V, 12V, 15V, and Adjustable Output
Versions

« Adjustable Version Output Voltage
Range,1.23V to 37V (57V for HV Version) +4%
Max Over Line and Load Conditions

¢ Specified 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

« Simple High-Efficiency Step-Down (Buck)
Regulator

» Efficient Pre-Regulator for Linear Regulators

¢ On-Card Switching Regulators

» Positive to Negative Converter (Buck-Boost)

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 available 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 reduces 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 specified +4% tolerance on
output voitage within specified input voitages and
output load conditions, and *10% on the oscillator
frequency. External shutdown is included, featuring
50 pA (typical) standby current. The output switch
includes cycle-by-cycle current limiting, as well as
thermal shutdown for full protection under fault

conditions.
TYPICAL APPLICATION
(Fixed Output Voltage Versions)
7V - 40V FEEDBACK
(60V for HV) Wl LM2576/ |3
UNREGULATED | LM2576HV- +5V
DC INPUT ) . OUTPUT REGULATED
N : | OUTPUT
?‘No . 3feNo 5] on/orr 01 Coyr 3A LOAD
| s 1N5822 l 1000 uF
Figure 1.

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.

SIMPLE SWITCHER is a registered trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

PRODUCTION DATA informatian is current as of publication date.
Products conform 1o specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright © 1999-2013, Texas Instruments Incorporated
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Block Diagram
v ON/OFF
UNREGULATED INTERNAL N
DC INPUT l+ : r REGULATOR ON/OFF
T -
FEED- Rz FIXED GAIN
— | BACK ERROR AMP
3 AMP
P COMPARATOR SwiTCH
1.0k
. OUTPUT
v . L1 Vour
2] )
+
1.23V D1 L
BAND=GAP 52 kHZ reser | | THERMAL § | CURRENT ] Cout| |2
REFERENCE | JOSCILLATOR SHUTDOWN LIMIT v = D
GND -
33V R2 =17k
5V, R2 = 3.1k
12V, R2 = 8.84k
15V, R2 = 11.3k
For ADJ. Version
R1 = Qpen, R2 = 00
Patent Pending
2 Submit Documentation Feedback Copyright ® 1999-2013, Texas Instruments Incorporated

Product Folder Links: LM2576 LM2576HV
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘rh\ during storage or handling to prevent electrostatic damage to the MOS gates.

ABSOLUTE MAXIMUM RATINGS 1@

Maximum Supply Voltage LM2576 45V

LM2576HV 63V
ON /OFF Pin Input Voltage =03V sVs+Vy
Output Voltage to Ground | (Steady State) -1V
Power Dissipation Internally Limited
Storage Temperature Range -B5°C to +150°C
Maximum Junction Temperature 150°C
Minimum ESD Rating (C =100 pF, R = 1.5 kQ) 2kv
Lead Temperature (Soldering, 10 Seconds) 260°C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is intended to be functional, but do not ensured specific performance limits. For ensured specifications and test
conditions, see ELECTRICAL CHARACTERISTICS ALL OUTPUT VOLTAGE VERSIONS.

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/ Distributors for availability and specifications.

OPERATING RATINGS

Temperature Range LM2576/LM2576HV -40°C = T; = +125°C
Supply Voltage LM2576 40V
LM2576HV 60V

ELECTRICAL CHARACTERISTICS LM2576-3.3, LM2576HV-3.3

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

LM2576-3.3
Symbol Parameter Conditions LM2576HV-3.3 Units
3 (Limits)
Typ | Limit(
SYSTEM PARAMETERS Test Circuit Figure 21 and Figure 221

T Output Voltage Vin =12V, loan = 0.5A 33 T v
Circuit of Figure 21 and Figure 22 3.234 V(Min)
3.366 V(Max)

Vour QOutput Voltage BV = Vi S 40V, 0.5A € i oap S 3A 3.3 v
LM2576 Circuit of Figure 21 and Figure 22 3.168/3.135 V{(Min)
3.432/3.465 V(Max)

VOUT Ou‘tpul VDltage BV < V|N <60V, 0.5A < iLOAO = 3A 8.3 A"
LM2576HV Circuit of Figure 21 and Figure 22 3.168/3.135 V(Min)
3.450/3.482 V(Max)

n Efficiency Vin =12V, l.oap = 3A 75 %

(1) Alllimits specified at room temperature (standard fype face) and at temperature extremes (bold type face). All room temperature limits
are 100% production tested. All limits at temperature extremes are specified via correlation using standard Statistical Quality Control
(SQC) methods.

(2) 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 Figure 21 and Figure 22, system performance will be as shown in ELECTRICAL
CHARACTERISTICS ALL QUTPUT VOLTAGE VERSIONS.

Copyright ® 19982013, Texas Instruments Incorporated Submit Documentation Feedback 3
Product Folder Links: LM2576 LM2576HV



i3 TExas
[NSTRUMENTS

LM2576, LM2576HV

SNVS107C ~JUNE 1899-REVISED APRIL 2013 www.ti.com

ELECTRICAL CHARACTERISTICS LM2576-5.0, LM2576HV-5.0

Specifications with standard type face are for T, = 25°C, and those with Figure 21 and Figure 22 boldface type apply over
full Operating Temperature Range.

LM2576-5.0
Symbol Parameter Conditions oLk (Ll:rrrl:iittz)
v | Limit |
SYSTEM PARAMETERS Figure 21 and Figure 222

Ve Output Voltage [V = 12V, lLoao = 0.5A 50 v
Circuit of Figure 21 and Figure 22 4.900 V(Min)
5.100 V(Max)

Vout Output Voltage 0.5A < Il pap = 3A, 5.0 \%
LM2576 8V s V) <40V 4.800/4.750 V(Min)
Circuit of Figure 21 and Figure 22 5.200/5.250 V(Max)

Vour QOutput Voltage 0.5A < lioap < 3A, 5.0 \'
LM2576HV 8V 5 Vjy < 60V 4.800/4,750 V(Min)
Circuit of Figure 21 and Figure 22 5.225/5.275 V(Max)

n Efficiency Vin = 12V, I oap = 3A T7 %

(1) All limits specified at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits
are 100% production tested. All limits at temperature extremes are specified via correlation using standard Statistical Quality Controf
(SQC) methods.

(2) Extemal 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 Figure 21 and Figure 22, system performance will be as shown in ELECTRICAL
CHARACTERISTICS ALL OUTPUT VOLTAGE VERSIONS.

ELECTRICAL CHARACTERISTICS LM2576-12, LM2576HV-12
Specifications with standard type face are for T; = 25°C, and those with boldface type apply over full Operating Temperature

Range.

LM2576-12 .
Symbol Parameter Conditions LM2576HV-12 (;r':"i?s)
Typ | Limit
SYSTEM PARAMETERS Test Circuit Figure 21 and Figure 22
Vour Qutput Voltage VI.N =‘25V, _lLOAD =0.5A ) 12 A"
Circuit of Figure 21 and Figure 22 AR V(Min)
12.24 V(Max)
Vout Output Voltage 0.5A = I oap = 3A, 12 \'
LM2576 15V = Vi S 40V V(Min)
Circuit of Figure 21 and Figure 22 and 11.52/11.40
12.48/12.60 V(Max)
Vour Qutput Voltage 0.5A £ 1 pap 5 3A, 12 \
LM2576HV 15V € Vi < 60V V(Min)
Circuit of Figure 21 and Figure 22 11.52/11.40
12.54/12.66 V(Max)
n Efficiency Vin = 15V, lLoap = 3A 88 %

(1) Al limits specified at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits
are 100% production tested. All limits at temperature extremes are specified via correlation using standard Statistical Quality Control
{SQC) methods.

(2) 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 Figure 21 and Figure 22, system performance will be as shown in ELECTRICAL
CHARACTERISTICS ALL OUTPUT VOLTAGE VERSIONS.

4 Submit Documentation Feedback

Copyright © 1989-2013, Texas Instruments Incorporated
Product Folder Links: LM2576 LM2576HV
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ELECTRICAL CHARACTERISTICS LM2576-15, LM2576HV-15
Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature

Range.
LM2576-15 .
Symbol Parameter Conditions LM2576HV-15 Um.ts
- 7 (Limits)
Typ l Limit |
SYSTEM PARAMETERS Test Circuit Figure 21 and Figure 22
Vaut Qutput Voltage Vin = 25V, I oap = 0.5A 15 \4
Circuit of Figure 21 and Figure 22 14.70 V(Min)
15.30 V(Max)
Vout OUtpUt Voltage 0.5A <l pap = 3A, 15 V
LM2576 18V = V) = 40V 14.40/14.25 V(Min)
Circuit of Figure 21 and Figure 22 15.60/15.75 V(Max)
Vourt Output Voltage 0.5A < I pap = 3A, 15 \Y
LM2576HV 18V < Viy S 60V 14.40/14.25 V(Min)
Circuit of Figure 21 and Figure 22 15.68/15.83 V(Max)
n Efficiency Vin = 18V, lioap = 3A 88 %

(1) Alllimits specified at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits

are 100% production tested. All limits at temperature extremes are specified via correlation using standard Statistical Quality Control

(SQC) methods.

(2) External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2576/LM2576HYV is used as shown in Figure 21 and Figure 22, system performance will be as shown in ELECTRICAL
CHARACTERISTICS ALL OUTPUT VOLTAGE VERSIONS.

ELECTRICAL CHARACTERISTICS LM2576-ADJ, LM2576HV-ADJ
Specifications with standard type face are for T, = 25°C, and those with boldface type apply over full Operating Temperature

Range.
LM2576-ADJ
Symbol Parameter Conditions LM2576HV-ADJ (S:::;)
Typ Limit
SYSTEM PARAMETERS Test Circuit Figure 21 and Figure 22
VQUT Feedback VO"BQB V|N = 12\/, 'LDAD =0.5A 1.230 \"
Vour =5V, 1.217 V{Min)
Circuit of Figure 21 and Figure 22 1.243 V{Max)
Vour Feedback Voitage 0.5A s I oap = 3A, 1.230 \4
LM2576 8V sV s 40V 1.193/1.180 V(Min)
Vaur = 5V, Circuit of Figure 21 and Figure 22 1.267/1.280 V(Max)
Vour Feedback Voltage 0.5A =l oap = 3A, 1.230 \'
LM2576HV av =V s B0V 1.193/1.180 V{Min)
Vour = 5V, Circuit of Figure 21 and Figure 22 1.273/1.286 V(Max)
n Eﬁiciency VIN = 12V, ILOAﬂ = 3A, Vou'r =5V i %

(1) Al limits specified at room temperature {standard type face) and at temperature extremes (bold type face). All room temperature limits

are 100% production tested. All limits at temperature extremes are specified via correlation using standard Statistical Quality Control

(SQC) methods.

(2) 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 Figure 21 and Figure 22, system performance will be as shown in ELECTRICAL
CHARACTERISTICS ALL OUTPUT VOLTAGE VERSIONS.

Copyright @ 1999-2013, Texas Instruments Incorporated

Product Folder Links: LM2576 LM2576HV

Submit Documentation Feedback

5



13 TExas

LM2576, LM2576HV INSTRUMENTS

SNVS8107C —JUNE 1999—REVISED APRIL 2013 www.ti.com

ELECTRICAL CHARACTERISTICS ALL OUTPUT VOLTAGE VERSIONS

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

LM2576-XX
Symbol Parameter Conditions LM2576HV-XX Li.]ni_ts
m (Limits)
Typ |Limit(
DEVICE PARAMETERS
b Feedback Bias Current Vout = 5V {Adjustable Version Only) 50 100/500 nA
fo Oscillator Frequency See @ 52 kHz
47/42 | kHz (Min)
58/63 kHz (Max)
Vaar Saturation Voltage lour = 3A @ 14 v
1.8/2.0 V(Max)
DC Max Duty Cycle (ON) See 98 %
Q3 %(Min)
loL Current Limit See @ 58 A
42/3.5 A(Min)
: 6.9/7.5 A(Max)
Iy Qutput Leakage Current Output = OV 2 mA(Max)
Qutput = -1V 7.5 mA
Output = =1V 516 30 mA(Max)
la Quiescent Current See (%) 5 mA
10 mA(Max)
lgray Standby Quiescent ON /OFF Pin = 5V (OFF) 50 pA
Current 200 pA(Max)
By Thermal Resistance T Package, Junction to Ambient (7) 65
AT T Package, Junction to Ambient (®) 45 /W
B¢ T Package, Junction to Case 2
Ba S Package, Junction to Ambient () 50
ON /OFF CONTROL Test Circuit Figure 21 and Figure 22
Viy ON /OFF Pin Vour = 0V 14 2.212.4 V(Min)
Vi Loglc InpuliL Qel Vour = Nominal Output Voltage 12 | 1008 | V(Max)
Iy ON /OFF Pin Input ON /OFF Pin = 5V (OFF) 12 PA
Current 30 pA(Max)
I ON /OFF Pin = 0V (ON) 0 pA
10 pA(Max)

M

(@)

(3)
(8)

(6)
"

(8)
©®)

All limits specified at room temperature (standard type face) and at temperature extremes (bold type face). All room temperature limits
are 100% production tested. All limits at temperature extremes are specified via correlation using standard Statistical Quality Control
(SQC) methods.

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%.

Qutput pin sourcing current. No diode, inductor or capacitor connected to output.

Feedback pin removed from output and connected to OV.

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.

Vin = 40V (60V for high voltage version).

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

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

If the DDPAK/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, is 50°C/W, with 1 square inch of copper area, 8, is 37°C/W,
and with 1.6 or more square inches of copper area, 8, is 32°C/W.

6
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OUTPUT YOLTAGE CHANGE (%)

INPUT-OUTPUT DIFFERENTIAL (V)

QUIESCENT CURRENT (mA)

TYPICAL PERFORMANCE CHARACTERISTICS
(Circuit of Figure 21 and Figure 22)

Normalized Output Volitage
+1.0

Vi = 20V
+0.8 N~
hoap = 500 mA

+0.6 Normalized at
”y T, = 25°C
+0.2 S —

0
-0.2 // <l
04 —
-0.6
-0.8
-1.0

-50 -25 -0 25 50 75 100 125
JUNCTION TEMPERATURE (°C)

Figure 2.
i Dropout Voltage
¥ 1 <1 = o
— lgap = 3A
[—
1.5
— L
1.0 —1 - hoap = 1A
‘I-o..,.\
‘
Loap = 200mA [T ]
0.5
Ryp = 0.10
0 1 1 I

=75 -50 =25 0. 25750 "75 100125 150

JUNCTION TEMPERATURE (°C)
Figure 4.

Quiescent Current

20 ¥
Vour =5V
18 Measured at{
6 1 Ground Pinq
Ty.= 259G
14
12
lLoap = 3A
10 g
8 £ ~—
Loap = 200 mA S _—
6
4

0 10 20 30 40 50 60

INPUT VOLTAGE (V)
Figure 6.

QUTPUT CURRENT (A) OUTPUT VOLTAGE CHANGE (%)

STANDBY QUIESCENT CURRENT (uA)

Line Regulation

1.4 ; . .
12 lLoap = 500 mA
T, =125
1.0
0.8
0.6 I/
/’
0.4 [/} 3:3V,5V & ADJ
D 2 1 1 o
: ——12V & 15V
0
-0.2 7 /
-0.4
-0.6
0 10 20 30 40 50 6D
INPUT VOLTAGE (V)
Figure 3.
Current Limit
6.5
Viy = 25V
6.0
L~ N
5.5
5.0 \
45
4.0

=75-50-25 0 25 50 75 100125 150

JUNCTION TEMPERATURE (°C)
Figure 5.

Standby
Quiescent Current

200

1
Vi = 40V]

150

-

Von sorF =5V

100

50

Wy = 12v

0

=50

-25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)
Figure 7.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)
(Circuit of Figure 21 and Figure 22)
Switch Saturation
Oscillator Frequency - Voltage
T T T T T %
Normalized at 25°C !
— 6 4
~ : o
k\ —~
e @ < 42 ,,;/‘:S
o Ld a5
2 ¢ 55°_j
o5 @ = 10 ™ e L
8 =] 4/
& 0 Z 08|
I 2 051255
5 Vi = 40V % " “iseec
3 -4 E 04
x w
4 -6 : 0.2
Vi =12V
-8 L I 0
-75-50-25 0 25 50.75.400 125150 0 Dol 1.5 20 25 30
JUNCTION TEMPERATURE (9¢) SWITCH CURRENT (A)
Figure 8. Figure 9.
- Efficiency Minimum Operating Voitage
1 ¥ T T T
hoap = 3A T =|25°C Adjustable Version Only
a5 : i 4.5
\ hoap = 200 mA 40
LOAD
90 y £ = Ay
ey Iv; = = .
® 85 15V OUT § 15 | .
& A IV
g % — S
Rl 2.0
£ 752 \\\1 Yaws . 2\ s Vour & 1.23V
ot o = . I oap =500 mA
70 |—-Loap = 3A v . mii
"’ 7
loap = 200 mA 0
60 = L - ~Sa2t [ B 25 50 75 MOU 125
0 10 20 30 40 50 60
JUNCTION TEMPERATURE (°C)
INPUT VOLTAGE (V)
Figure 10. Figure 11.
Quiescent Current Feedback Voltage
vs Duty Cycle vs Duty Cycle
20.0 . . II 20 T T T
Adjustable Version Only = Adjustable Version Onl
17.5 =% 7 E S o
= N /Y . [ =500 mA
E 150 N 810 0
Vs z N
— Vs = \\\
g 145 S z \ Vi = 40V
o IN o
S 100 ™ v, = 40v— & 0 NG
- R = Vi = 7V e
= 15 & -5 m -
jy] N _ T > o
& " / lLoap = 500 mA _——
=5 =
o =
2.5 o -15
[
0 -20
0 20 40 60 80 100 0 20 40 60 80 100
DUTY CYCLE (%) DUTY CYCLE (%)
Figure 12. Figure 13.
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4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

0

INPUT VOLTAGE (V)

FEEDBACK VOLTAGE CHANGE (mV)
o

TYPICAL PERFORMANCE CHARACTERISTICS (continued)
(Circuit of Figure 21 and Figure 22)

Minimum Operating Voltage

Adjlustab:!e Ve‘rsion IOnIy
~
\
——
Vout ~ 1.23V
lLoap =500 mA

=50-25 0 25 50 75 100 125

JUNCTION TEMPERATURE (°C)
Figure 14.

Feedback Voltage
vs Duty Cycle

T T T
Adjustable Version Only

1
of oo = 500 mA

N
\w = 40V

= \-':
Yin =7¥ —

0 20 40 60 80 100
DUTY CYCLE (%)

Figure 186.

FEEDBACK PIN CURRENT (nA)

Quiescent Current

vs Duty Cycle
20.0 ; y y, ;
Adjustable Version Onl
73 e
E 150 N
o pZ
Z 125
L -
3 100 Viy = 40V —
= 75
W} . r 4 1
Q | =500mA
B 5ol L
o
o
2.5
0
0 20 40 60 80 100
DUTY CYCLE (%)
Figure 15.
Feedback Pin Current
100 g
Adjustable Version Only
75
50
25
0 /
22D
=50
T8
~-100

=75=-50-25 0 25 50 75 100125150

JUNCTION TEMPERATURE (°C)
Figure 17.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

(Circuit of Figure 21 and Figure 22)
Maximum Power Dissipation

(DDPAK/TO-263) Switching Waveforms
SR S 32°C/W
& NG
2 LR
- ~
N RIS
v -~ S
= 2 | < \::'-\
~
& = 8, =50°C/W
s AN
), =73°C/W
0 1 |

0 10 20 30 40 50 60 70 80 %0 100

AMBIENT TEMPERATURE (°C)

If the DDPAK/TO-263 package is used, the thermal resistance can be Vout = ’5\’. -
reduced by increasing the PC board copper area thermally connected A Output Pin Voltage, 50V/div

to the package. Using 0.5 square inches of copper area, 84 is B: Output Pin Current, 2A/div
50°C/W, with 1 square inch of copper area, 84 is 37°C/W, and with ~ C: Inductor Current, 2A/div
1.6 or more square inches of copper area, 8,, is 32°C/W. D: Output Ripple Voltage, 50 mV/div,
AC-Coupled
Horizontal Time Base: 5 us/div
Figure 18. Figure 19.

Output - 100 mV

Yoltage Q
Change

—100 my

3A

Load ==

Current 1A

D

100 ps/div
Figure 20.
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TEST CIRCUIT AND LAYOUT GUIDELINES

As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring
inductance generate voltage transients which can cause problems. For minimal inductance and ground loops, the
length of the leads indicated by heavy lines should be kept as short as possible. Single-point grounding (as
indicated) or ground plane construction should be used for best results. When using the Adjustable version,
physically locate the programming resistors near the regulator, to keep the sensitive feedback wiring short.

FEEDBACK

LM2576HV- |*
FIXED OUTPUT [ output Vout
YIN
UNREGULATED

DC INPUT

l

Cin — 100 pF, 75V, Aluminum Electrolytic
Cout — 1000 pF, 25V, Aluminum Electrolytic
D4 — Schottky, MBR360

Ly — 100 pH, Pulse Eng, PE-92108

Ry — 2k, 0.1%

Ry, —6.12k, 0.1%

100 pH

D1
MBR360

1000 uF

—d O > O

Figure 21. Fixed Output Voltage Versions

FEEDBACK

LM2576HV~ | *
OUTPUT

Vout
5.00V

T

7V - 60V
UNREGULATED
DC INPUT

l

Rz
Vour = VRer | 1+ =%
Ry

* Cour R2

MBR360 R1

f O > O

where
Vger = 1.23V, R1 between 1k and 5k

Figure 22. Adjustable Output Voltage Version
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LM2576 Series Buck Regulator Design Procedure

PROCEDURE (Fixed Output Voltage Versions)

EXAMPLE (Fixed Output Voltage Versions)

Given:

Vout = Regulated Output Voltage
(3.3V, 5V, 12V, or 15V)

Vin(Max) = Maximum Input Voltage
ILoap(Max) = Maximum Load Current

Given:

Vour =5V
V|N(M3K) =15V
lLoan(Max) = 3A

1. Inductor Selection (L1)

A. Select the correct Inductor value selection guide from Figure 23,
Figure 24, Figure 25, or Figure 26. (Output voltages of 3.3V, 5V, 12V
or 15V respectively). For other output voltages, see the design
procedure for the adjustable version.

B. From the inductor value selection guide, identify the inductance
region intersected by Vijy(Max) and | gap(Max), and note the
inductor code for that region.

C. Identify the inductor value from the inductor code, and select an
appropriate inductor from the table shown in Figure 23. Part
numbers are listed for three inductor manufacturers. The inductor
chosen must be rated for operation at the LM2576 switching
frequency (52 kHz) and for a current rating of 1.15 x L oap. For
additional inductor information, see INDUCTOR SELECTION.

1. Inductor Selection (L1)
A. Use the selection guide shown in Figure 24.

B. From the selection guide, the inductance area intersected by the
15V line and 3A line is L100.

C. Inductor value required is 100 pH. From the table in Figure 23.
Choose AIE 415-0930, Pulse Engineering PE92108, or Renco
RL2444.

2. Output Capacitor Selection (Coyr)

A. The value of the output capacitor fogether with the inductor
defines the dominate pole-pair of the switching regulator loop. For
stable operation and an acceptable output ripple voltage,
(approximately 1% of the output voltage) a value between 100 pF
and 470 pF is recommended.

B. The capacitor’s voltage rating should be at least 1.5 times greater
than the output voltage. For a 5V regulator, a rating of at least 8V is
appropriate, and a 10V or 15V rating is recommended.

Higher voltage electrolytic capacitors generally have lower ESR
numbers, and for this reason it may be necessary to select a
capacitor rated for a higher voltage than would normally be needed.

2. Output Capacitor Selection (Cgoyr)
A. Coyr = 680 yF to 2000 pF standard aluminum electrolytic.
B.Capacitor voltage rating = 20V.

3. Catch Diode Selection (D1)

A.The catch-diode current rating must be at least 1.2 times greater
than the maximum load current, Also, if the power supply design
must withstand a continuous output short, the diode should have a
current rating equal to the maximum current limit of the LM2576. The
most stressful condition for this diode is an overload or shorted
output condition.

B. The reverse voltage rating of the diode should be at least 1.25
times the maximum input voltage.

3. Catch Diode Selection (D1)
A.For this example, a 3A current rating is adequate.

B. Use a 20V 1N5823 or SR302 Schottky diode, or any of the
suggested fast-recovery diodes shown in Table 1.

4. Input Capacitor (Cpy)

An aluminum or tantalum electrolytic bypass capatitor located close
to the regulator is needed for stable operation.

{ A 100 pF, 25V aluminum electrolytic capacitor located near the input

4, Input Capacitor (Cyy)

and ground pins provides sufficient bypassing.
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INDUCTOR VALUE SELECTION GUIDES
(For Continuous Mode Operation)

NN
N
N
X
S INORON

MAXIMUM INPUT VOLTAGE (V)

5 Y.
0.3 0.4050.6 0.8 1 1.5 Z™2.5°3

MAXIMUM LOAD CURRENT (A)
Figure 23. LM2576(HV)-3.3

60 q -
0 RRURNBRRBRERR NS
1 S R R R
30‘””“:{&“0&\ \\\“\\ \ Y\
— 25“ L\Vmao W\ Y
;RO
: NN RR \ Wi HlSD\
- |
BENAN AN
: P §V N
= 16 [1680 y
3 4 / /
L330
3 - / /| ;/Lzzo /1
= ' I/ | KN L150 Ly/
L68
A AN/
3 4 5 .6.7.8 1.0 1.5 2.0 2.53.0

MAXIMUM LOAD CURRENT (A)
Figure 25. LM2576(HV)-12
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Figure 24. LM2576(HV)-5.0
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Figure 26. LM2576(HV)-15
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(For Continuous Mode Operation)

300
250
200
H2200
150
IR 000 HE8ONR H4 70\ H3 30 K220
180 H150
90
80
w
70
2 o Piissq J
i 74 [/,/ ,//4 ///’
S of :>’ A )
4517 A5 P
404704 1330 220 LA L150 A L100 )L Les
N
i . | N =5 > !
30 // . /
25 / / /] / /\L‘r?
g A\PSTE - VPSP N
20 o L A )
0.3 04 05060708 1.0 3=\ 1/ 2hCbi5ls g

MAXIMUM LOAD CURRENT (A)
Figure 27. LM2576(HV)-ADJ

PROCEDURE (Adjustable Output Voltage Versions)

EXAMPLE (Adjustable Output Voltage Versions)

Given:

Vout = Regulated Output Voltage
V|n(Max) = Maximum Input Voltage
lLoap(Max) = Maximum Load Current

F = Switching Frequency (Fixed af 52 kHz)

Given:

VOUT =10V
Vin(Max) = 25V
iLoap(Max) = 3A
F =52 kHz

1. Programming Output Voltage (Selecting R1 and R2, as shown
in Figure 21 and Figure 22)

Use the following formula to select the appropriate resistor values.
R
Vout = VRer (‘l + H_z) where VRer = 1.23V
1

Ry can be between 1k and 5k. (For best temperature coefficient and
stability with time, use 1% metal film resistors)

Vi
Ro = 31(_ng: - 1)

1. Programming Output Voltage(Selecting R1 and R2)

R
Vour = 1.23(1 + H—a) SelectR1 = 1k
1

o (1ov
1) % 1k(1.23\»’ 1)

Ry = 1k (8.13 = 1) = 7.13k, closest 1% value is 7.15k

Vour
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(For Continuous Mode Operation)

PROCEDURE (Adjustable Output Voltage Versions)

EXAMPLE (Adjustable Output Voltage Versions)

2. Inductor Selection (L1)

A. Calculate the inductor Volt » microsecond constant, E« T (V « ps),
from the following formula:

Vi
EeT = (Vin — Vour) ~ 2T e

ViN
B. Use the E » T value from the previous formula and match it with
the E « T number on the vertical axis of the Inductor Value
Selection Guide shown in Figure 27.

C. On the horizontal axis, select the maximum load current.

D. Identify the inductance region intersected by the E « T value and
the maximum load current value, and note the inductor code for that
region.

E. Identify the inductor value from the inductor code, and select an
appropriate inductor from the table shown in Table 2. Part numbers
are listed for three inductor manufacturers. The inductor chosen
must be rated for operation at the LM2576 switching frequency (52
kHz) and for a current rating of 1.15 * | gap. For additional inductor
information, see INDUCTOR SELECTION.

1000
F (in kHz)

(Ve ps)

2. Inductor Selection (L1)
A. Calculate E « T (V » ps)
10

1000
EeT =(25 —10)e—=»
¢ 256 b2

=115V epus

B.E+T=115V - ps
C. 'LOAD(MaX) =3A
D. Inductance Region = H150

E. Inductor Value = 150 pH Choose from AIEpart #415-0936Pulse
Engineering part #PE-531115, or Renco part #RL2445.

3. Qutput Capacitor Selection (Cpy7)

A. The value of the output capacitor together with the inductor
defines the dominate pole-pair of the switching regulator loop. For
stable operation, the capacitor must satisfy the following
requirement:

Vin(Max)

Cour = 13,300

F
'out ® L(pH) A

The above formula yields capacitor values between 10 pF and 2200
{F that will satisfy the loop requirements for stable operation. But to
achieve an acceptable output ripple voltage, (approximately 1% of
the output voltage) and transient response, the output capacitor may
need to be several times larger than the above formula yields.

B. The capacitor's voltage rating should be at last 1.5 times greater
than the output voltage. For a 10V regulator, a rating of at least 15V
or more is recommended. Higher voltage electrolytic capacitors
generally have lower ESR numbers, and for this reason it may be
necessary to select a capacitor rate for a higher voltage than would
normally be needed.

3. Output Capacitor Selection (Coyr)

Cout > 13,300 =222 uF

25
10 » 150
However, for acceptable output ripple voltage select
Cour 2680 pF
Cour = 680 pF electrolytic capacitor

4, Catch Diode Selection (D1)

A. The catch-diode current rating must be at least 1.2 times greater
than the maximum load current. Also, if the power supply design
must withstand a continuous output short, the diode should have a
current rating equal to the maximum current limit of the LM2576. The
most stressful condition for this diode is an overload or shorted
output. See Table 1.

B. The reverse voltage rating of the diode should be at least 1.25
times the maximum input voltage.

4. Catch Diode Selection (D1)
A. For this example, a 3.3A current rating is adequate.

B. Use a 30V 31DQ03 Schottky diode, or any of the suggested fast-
recovery diodes in Table 1.

5. Input Capacitor (Cyy)

An aluminum or tantalum electrolytic bypass capacitor located close
to the regulator is needed for stable operation.

5, Input Capacitor (Ciy)

A 100 pF aluminum electrolytic capacitor located near the input and
ground pins provides sufficient bypassing.

To further simplify the buck regulator design procedure, Tl is making available computer design software to be
used with the SIMPLE SWITCHER fline of swifching regulators. Switchers Made Simpfe (Version 3.3) is
available on a (3%") diskette for IBM compatible computers from a Tl office in your area.
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Table 1. Diode Selection Guide
Ve Schottky Fast Recovery
3A 4A-6A 3A 4A-6A
20v 1N5820 1N5823
MBR320P
SR302
30V 1N5821 50WQ03
MBR330 1N5824
31DQ03
SRI0s The following The following
40V 1NG822 MBR340 disdes aio 51 ggddeia;g ;\E
MBR340 50WQ04 ra}teéi‘I tlsaiz‘l1OOV 50WF10
31DQ04 1N5825 HER302 MUR410
SR304 HERG602
50V MBR350 50WQ05
31DQ05
SR305
60V MBR360 50WR06
DQO6 50SQ060
SR306
Table 2. Inductor Selection by Manufacturer's Part Number
Inductor Code Inductor Value Schott Pulse Eng. @ Renco
L47 47 pH 671 26980 PE-53112 RL2442
L68 68 pH 671 26990 PE-92114 RL2443
L100 100 pH 671 27000 PE-92108 RL2444
L150 150 pH 67127010 PE-53113 RL1954
L220 220 pH 67127020 PE-52626 RL1953
L330 330 pH 671 27030 PE-52627 RL1952
L470 470 pH 671 27040 PE-53114 RL1951
L680 680 pH 671 27050 PE-52629 RL1950
H150 150 pH 671 27060 PE-53115 RL2445
H220 220 yH 67127070 PE-53116 RL2446
H330 330 pH 67127080 PE-53117 RL2447
H470 470 pH 671 27090 PE-53118 RL1961
H680 680 pH 67127100 PE-53119 RL1960
H1000 1000 pH 67127110 PE-53120 RL1959
H1500 1500 pH 67127120 PE-53121 RL1958
H2200 2200 pH 671 27130 PE-53122 RL2448

(1) Schott Corporation, (612) 475-1173, 1000 Parkers Lake Road, Wayzata, MN 55391.

(2) Pulse Engineering, (619) 674-8100, P.O. Box 12235, San Diego, CA 92112.

(3) Renco Electronics Incorporated, (516) 586-5566, 60 Jeffryn Bivd. East, Deer Park, NY 11729.
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APPLICATION HINTS

INPUT CAPACITOR (Cy,)

To maintain stability, the regulator input pin must be bypassed with at least a 100 pF electrolytic capacitor. The
capacitor's leads must be kept short, and located near the regulator.

If the operating temperature range includes temperatures below —25°C, the input capacitor value may need to be
larger. With most electrolytic capacitors, the capacitance value decreases and the ESR increases with lower
temperatures and age. Paralleling a ceramic or solid tantalum capacitor will increase the regulator stability at cold
temperatures. For maximum capacitor operating lifetime, the capacitor's RMS ripple current rating should be

greater than
1.2 % (%) % lILoap

Vi
where fon _ %‘for a buck regulator
IN

T

1 \
ON —l—gﬁ for a buck-boost regulator.

d
AT Nour + Vin §))]

INDUCTOR SELECTION

All switching regufators have two basic modes of operafion: continuous and discontinuous. The difference
between the two types relates to the inductor current, whether it is flowing continuously, or if it drops to zero for a
period of time in the normal switching cycle. Each mode has distinctively different operating characteristics,
which can affect the regulator performance and requirements.

The LM2576 (or any of the SIMPLE SWITCHER family) can be used for both continuous and discontinuous
modes of operation.

The inductor value selection guides in Figure 23 through Figure 27 were designed for buck regulator designs of
the continuous inductor current type. When using inductor values shown in the inductor selection guide, the
peak-to-peak inductor ripple current will be approximately 20% to 30% of the maximum DC current. With
relatively heavy load currents, the circuit operates in the continuous mode (inductor current always flowing), but
under light load conditions, the circuit will be forced to the discontinuous mode (inductor current falls to zero for a
period of time). This discontinuous mode of operation is perfectly acceptable. For light loads (less than
approximately 300 mA) it may be desirable to operate the regulator in the discontinuous mode, primarily because
of the lower inductor values required for the discontinuous mode.

The selection guide chooses inductor values suitable for continuous mode operation, but if the inductor value
chosen is prohibitively high, the designer should investigate the possibility of discontinuous operation. The
computer design software Switchers Made Simple will provide all component values for discontinuous (as well
as continuous) mode of operation.

Inductors are available in different styles such as pot core, toriod, E-frame, bobbin core, and so on, as well as
different core materials, such as ferrites and powdered iron. The least expensive, the bobbin core type, consists
of wire wrapped on a ferrite rod core. This type of construction makes for an inexpensive inductor, but since the
magnetic flux is not completely contained within the core, it generates more electromagnetic interference (EMI).
This EMI can cause problems in sensitive circuits, or can give incorrect scope readings because of induced
voltages in the scope probe.

The inductors listed in the selection chart include ferrite pot core construction for AIE, powdered iron toroid for
Pulse Engineering, and ferrite bobbin core for Renco.

An inductor should not be operated beyond its maximum rated current because it may saturate. When an
inductor begins to saturate, the inductance decreases rapidly and the inductor begins to look mainly resistive (the
DC resistance of the winding). This will cause the switch current to rise very rapidly. Different inductor types have
different saturation characteristics, and this should be kept in mind when selecting an inductor.

The inductor manufacturer's data sheets include current and energy limits to avoid inductor saturation.
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INDUCTOR RIPPLE CURRENT

When the switcher is operating in the continuous mode, the inductor current waveform ranges from a triangular
to a sawtooth type of waveform (depending on the input voltage). For a given input voltage and output voltage,
the peak-to-peak amplitude of this inductor current waveform remains constant. As the load current rises or falls,
the entire sawtooth current waveform also rises or falls. The average DC value of this waveform is equal to the
DC ioad current (in the buck regulator configuration).

If the load current drops to a low enough level, the bottom of the sawtooth current waveform will reach zero, and
the switcher will change to a discontinuous mode of operation. This is a perfectly acceptable mode of operation.
Any buck switching regulator (no matter how large the inductor value is) will be forced to run discontinuous if the
load current is light enough.

OUTPUT CAPACITOR

An output capacitor is required to filter the output voltage and is needed for loop stability. The capacitor should
be located near the LM2576 using short pc board traces. Standard aluminum electrolytics are usually adequate,
but low ESR types are recommended for low output ripple voltage and good stability. The ESR of a capacitor
depends on many factors, some which are: the value, the voltage rating, physical size and the type of
construction. In general, low value or low voltage (less than 12V) electrolytic capacitors usually have higher ESR
numbers.

The amount of output ripple voltage is primarily a function of the ESR (Equivalent Series Resistance) of the
output capacitor and the amplitude of the inductor ripple current (Aljyp). See INDUCTOR RIPPLE CURRENT.

The lower capacitor values (220 yF—1000 pF) will allow typically 50 mV to 150 mV of output ripple voltage, while
larger-value capacitors will reduce the ripple to approximately 20 mV to 50 mV.

Output Ripple Voltage = (Alyp) (ESR of Coyr) (2)

To further reduce the output ripple voltage, several standard electrolytic capacitors may be paralleled, or a
higher-grade capacitor may be used. Such capacitors are often called “high-frequency,” “low-inductance,” or
“low-ESR.” These will reduce the output ripple to 10 mV or 20 mV. However, when operating in the continuous
mode, reducing the ESR below 0.03Q can cause instability in the regulator.

Tantalum capacitors can have a very low ESR, and should be carefully evaluated if it is the only output capacitor.
Because of their good low temperature characteristics, a tantalum can be used in parallel with aluminum
electrolytics, with the tantalum making up 10% or 20% of the total capacitance.

The capacitor's ripple current rating at 52 kHz should be at least 50% higher than the peak-to-peak inductor
ripple current.

CATCH DIODE

Buck regulators require a diode to provide a return path for the inductor current when the switch is off. This diode
should be located close to the LM2576 using short leads and short printed circuit traces.

Because of their fast switching speed and low forward voltage drop, Schottky diodes provide the best efficiency,
especially in low output voltage switching regulators (less than 5V). Fast-Recovery, High-Efficiency, or Ultra-Fast
Recovery diodes are also suitable, but some types with an abrupt turn-off characteristic may cause instability and
EMI problems. A fast-recovery diode with soft recovery characteristics is a better choice. Standard 60 Hz diodes
(e.g., 1N4001 or 1N5400, and so on) are also not suitable. See Table 1 for Schottky and “soft" fast-recovery
diode selection guide.

OUTPUT VOLTAGE RIPPLE AND TRANSIENTS

The output voltage of a switching power supply will contain a sawtooth ripple voltage at the switcher frequency,
typically about 1% of the output voltage, and may also contain short voltage spikes at the peaks of the sawtooth
waveform.

The output ripple voltage is due mainly to the inductor sawtooth ripple current multiplied by the ESR of the output
capacitor. (See INDUCTOR SELECTION})
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The voltage spikes are present because of the the fast switching action of the output switch, and the parasitic
inductance of the output filter capacitor. To minimize these voltage spikes, special low inductance capacitors can
be used, and their lead lengths must be kept short. Wiring inductance, stray capacitance, as well as the scope
probe used to evaluate these transients, all contribute to the amplitude of these spikes.

An additional small LC filter (20 uH & 100 pF) can be added to the output (as shown in Figure 33) to further

reduce the amount of output ripple and transients. A 10 x reduction in output ripple voltage and transients is
possible with this filter.

FEEDBACK CONNECTION

The LM2576 (fixed voltage versions) feedback pin must be wired to the output voltage point of the switching
power supply. When using the adjustable version, physically locate both output voltage programming resistors
near the LM2576 to avoid picking up unwanted noise. Avoid using resistors greater than 100 kQ because of the
increased chance of noise pickup.

ON /OFF INPUT

For normal operation, the ON /OFF pin should be grounded or driven with a low-level TTL voltage (typically
below 1.6V). To put the regulator into standby mode, drive this pin with a high-level TTL or CMOS signal. The
ON /OFF pin can be safely pulled up to +V,y without a resistor in series with it. The ON /OFF pin should not be

left open.

GROUNDING

To maintain output voltage stability, the power ground connections must be low-impedance (see Figure 21 and
Figure 22). For the 5-lead TO-220 and DDPAK/TO-263 style package, both the tab and pin 3 are ground and
either connection may be used, as they are both part of the same copper lead frame.

HEAT SINK/THERMAL CONSIDERATIONS

In many cases, only a small heat sink is required to keep the LM2576 junction temperature within the allowed
operating range. For each application, to determine whether or not a heat sink will be required, the following
must be identified:

1. Maximum ambient temperature (in the application).
2. Maximum regulator power dissipation (in application).

3. Maximum allowed junction temperature (125°C for the LM2576). For a safe, conservative design, a
temperature approximately 15°C cooler than the maximum temperatures should be selected.

4. LM2576 package thermal resistances 8, and 6.
Total power dissipated by the LM2576 can be estimated as follows:
Po = (Vin)la) + (Vo/Vin)(hoapX(Vsar)

where
* lg (quiescent current) and Vgar can be found in TYPICAL PERFORMANCE CHARACTERISTICS shown
previously,
« V| is the applied minimum input voltage, Vg, is the regulated output voltage,
« and |l oap is the load current. (3)

The dynamic losses during turn-on and turn-off are negligible if a Schottky type catch diode is used.

When no heat sink is used, the junction temperature rise can be determined by the following:

AT, = (Pp) (6,a) (4)
To arrive at the actual operating junction temperature, add the junction temperature rise to the maximum ambient
temperature.

Ty=AT;+ Tx (5)
If the actual operating junction temperature is greater than the selected safe operating junction temperature
determined in step 3, then a heat sink is required.
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When using a heat sink, the junction temperature rise can be determined by the following:

AT, = (Pp) (Buc + Binteriace * Bheat sink) (6)
The operating junction temperature will be:
Ty =Ty + ATy ™

As in Equation 14, if the actual operating junction temperature is greater than the selected safe operating
junction temperature, then a larger heat sink is required (one that has a lower thermal resistance).

Included on the Switcher Made Simple design software is a more precise (non-linear) thermal model that can
be used to determine junction temperature with different input-output parameters or different component values.
It can also calculate the heat sink thermal resistance required to maintain the regulators junction temperature
below the maximum operating temperature.

Additional Applications

INVERTING REGULATOR

Figure 28 shows a LM2576-12 in a buck-boost configuration to generate a negative 12V output from a positive
input voltage. This circuit bootstraps the regulator's ground pin to the negative output voltage, then by grounding
the feedback pin, the regulator senses the inverted output voltage and regulates it to —12V.

Far an input voltage of 12V or more, the maximum available output current in this configuration is approximately
700 mA. At lighter loads, the minimum input voltage required drops to approximately 4.7V.

The switch currents in this buck-boost configuration are higher than in the standard buck-mode design, thus
lowering the available output current. Also, the start-up input current of the buck-boost converter is higher than
the standard buck-mode regulator, and this may overload an input power source with a current limit less than 5A.
Using a delayed turn-on or an undervoltage lockout circuit (described in NEGATIVE BOOST REGULATOR)
would allow the input voltage to rise to a high enough level before the switcher would be allowed to turn on.

Because of the structural differences between the buck and the buck-boost regulator topologies, the buck
regulator design procedure section can not be used to select the inductor or the output capacitor. The
recommended range of inductor values for the buck-boost design is between 68 uH and 220 pH, and the output
capacitor values must be larger than what is normally required for buck designs. Low input voltages or high
output currents require a large value output capacitor (in the thousands of micro Farads).

The peak inductor current, which is the same as the peak switch current, can be calculated from the following
formula:

| =~ oo Min + Vol VinlVol 1
# Vin Vin+ Vol 2L fosc

where
o fosc = 52 kHz (8)

Under normal continuous inductor current operating conditions, the minimum Vy represents the worst case.
Select an inductor that is rated for the peak current anticipated.

+12 TO +45V
UNREGULATED FEEDBACK
DC INPUT +Vjy 4

j LM2576HV-12 L1
p | OUTPUT
ClN 2

100 pf )
3| 6ND 5| ON/OFF

D1 — Cour
1N5822 2200 uF
&
-12V @0.7A
REGULATED
OUTPUT

Figure 28. Inverting Buck-Boost Develops =12V
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Also, the maximum voltage appearing acrass the regulator is the absolute sum of the input and output voltage.
For a -12V output, the maximum input voltage for the LM2576 is +28V, or +48V for the LM2576HV.

The Switchers Made Simple (version 3.0) design software can be used to determine the feasibility of regulator
designs using different topologies, different input-output parameters, different components, and so on.
NEGATIVE BOOST REGULATOR

Another variation on the buck-boost topology is the negative boost configuration. The circuit in Figure 29 accepts
an input voltage ranging from -5V to =12V and provides a regulated -12V output. Input voltages greater than
-12V will cause the output to rise above -12V, but will not damage the regulator.

- Feedback OCouF
ViN 4 F
LM2576-12 | ouput ) o
1 = LOW ESR
3 5 1N5820
t1 Cn o lenp ON/OFF
100 jF Vout =12V
Vi 100 pH

-5V to -12V

Typical Load Current

400 mA for Vi = =5.2V
750 mA for Viy = =7V
Heat sink may be required.

Figure 29. Negative Boost

Because of the boosting function of this type of regulator, the switch current is relatively high, especially at low
input voitages. Output ioad current limitations are a result of the maximum current rating of the switch. Also,
boost regulators can not provide current limiting load protection in the event of a shorted load, so some other
means (such as a fuse) may be necessary.

UNDERVOLTAGE LOCKOUT

In some applications it is desirable to keep the regulator off until the input voltage reaches a certain threshold. An
undervoltage lockout circuit which accomplishes this task is shown in Figure 30, while Figure 31 shows the same
circuit applied to a buck-boost configuration. These circuits keep the regulator off until the input voltage reaches
a predetermined level.

Vi = Vz1 + 2Ve(Q1)

AL "l M2576 - XX

ON/OFF 5 |GND

R1

Zi

R2

Complete circuit not shown.

Figure 30. Undervoltage Lockout for Buck Circuit
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LM2576 — XX

k ON/OFF 3 |GND

Z1

R2
“Vour

.

Complete circuit not shown (see Figure 28).

Figure 31. Undervoltage Lockout
for Buck-Boost Circuit

DELAYED STARTUP

The ON /OFF pin can be used to provide a delayed startup feature as shown in Figure 32, With an input voltage
of 20V and for the part values shown, the circuit pravides approximately 10 ms of delay time before the circuit
begins switching. Increasing the RC time constant can provide longer delay times. But excessively large RC time
constants can cause problems with input voltages that are high in 60 Hz or 120 Hz ripple, by coupling the ripple
into the ON /OFF pin.

ADJUSTABLE OUTPUT, LOW-RIPPLE POWER SUPPLY

A 3A power supply that features an adjustable output voltage is shown in Figure 33. An additional L-C filter that
reduces the output ripple by a factor of 10 or more is included in this circuit.

+V, +V,

A 2} LM2576 — XX
0.1 }J.F

l I 5 oN/oFF jinn

i o N

Compiete circuit not shown.

Figure 32. Delayed Startup

FEEDBACK
55V 4 0
UNREGULATED LM2576HV=ADJ . o ouTPUT
DC INPUT OUTPUT § VOLTAGE
2 U +1.2 10 50V
o 150 uH
5 By s[oND 5[ ON/oFF — Cour @3

D1

1R 1N5822 2000 uF

100 uf

—— - ——

»
o o
am
=
D, Fp—
N
o
b
T
l +
o
i
-

= ]
LR |

optional output ripple filter

i
!
l
I
!
I

Figure 33. 1.2V to 55V Adjustable 3A Power Supply with Low Output Ripple
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DEFINITION OF TERMS

BUCK REGULATORA switching regulator topology in which a higher voltage is converted to a lower voltage.
Also known as a step-down switching regulator.

BUCK-BOOST REGULATORA switching regulator topology in which a paositive voltage is converted to a
negative voltage without a transfarmer.

DUTY CYCLE (D)Ratio of the output switch's on-time to the oscillator period.

_lon _ Vour
for buck regulator D = Vin
_ton Vol

for buck-boost regulator D = «:I_— = |VOJ + Vi (9)
CATCH DIODE OR CURRENT STEERING DIODE The diode which provides a return path for the foad current
when the LM2576 switch is OFF.

EFFICIENCY (n) The proportion of input power actually delivered to the load.

_ Pour _ Pour

P Pout + Pross (10)

CAPACITOR EQUIVALENT SERIES RESISTANCE (ESR) The purely resistive component of a real capacitor's
impedance (see Figure 34). It causes power loss resulting in capacitor heating, which directly affects the
capacitor's operating lifetime. When used as a switching regulator output filter, higher ESR values result in
higher output ripple voltages.

— AT —] |—

ESR EsL c
Figure 34. Simple Model of a Real Capacitor

Most standard aluminum electrolytic capacitors in the 100 uF—1000 pF range have 0.5Q to
0.1Q ESR. Higher-grade capacitors (“low-ESR”, “high-frequency”, or “low-inductance”) in the
100 uF-1000 pF range generally have ESR of less than 0.15Q.

EQUIVALENT SERIES INDUCTANCE (ESL)The pure inductance component of a capacitor (see Figure 34).
The amount of inductance is determined to a large extent on the capacitor's construction. In a buck
regulator, this unwanted inductance causes voltage spikes to appear on the output.

OUTPUT RIPPLE VOLTAGE The AC component of the switching regulator's output voitage. It is usually
dominated by the output capacitor's ESR multiplied by the inductor's ripple current (Alyp). The peak-to-
peak value of this sawtooth ripple current can be determined by reading the INDUCTOR RIPPLE
CURRENT section.

CAPACITOR RIPPLE CURRENT RMS value of the maximum allowable alternating current at which a capacitor
can be operated continuously at a specified temperature.

STANDBY QUIESCENT CURRENT (ls7gy) Supply current required by the LM2576 when in the standby mode
(ON /OFF pin is driven to TTL-high voitage, thus turning the output switch OFF).

INDUCTOR RIPPLE CURRENT (Alyp) The peak-to-peak value of the inductor current waveform, typically a
sawtooth waveform when the regulator is operating in the continuous mode (vs. discontinuous mode).

CONTINUOUS/DISCONTINUOUS MODE OPERATION Relates to the inductor current. In the continuous mode,
the inductor current is always flowing and never drops to zero, vs. the discontinuous mode, where the
inductor current drops to zero for a period of time in the normal switching cycle.

INDUCTOR SATURATION The condition which exists when an inductor cannot hoid any more magnetic flux.
When an inductor saturates, the inductor appears less inductive and the resistive component dominates.
Inductor current is then limited only by the DC resistance of the wire and the available source current.

OPERATING VOLT MICROSECOND CONSTANT (E=T,,) The product (in Voltus) of the voltage applied to the
inductor and the time the voltage is applied. This E-T,, constant is a measure of the energy handling
capability of an inductor and is dependent upon the type of core, the core area, the number of turns, and
the duty cycle.
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Connection Diagrams
(XX indicates output voltage option.)

Top View
Gnd —————35-ON/OFF
"1 4- Feedback
O ——————l 3= Ground
[—— 2= Output
2 1=Vin

Figure 35. Straight Leads
5-Lead TO-220 (T) Package
LM2576T-XX or LM2576 HVT-XX
See Package Number KCO005A

Top View

15— ON/OFF
TAB IS :=4" Feedback
GND 13- Ground
132~ Output

1= Vi

Side View

L/ S

Figure 36. DDPAK/TO-263 (S} Package
5-Lead Surface-Mount Package
LM2576S-XX or LM2576HVS-XX
See Package Number KTT0005B

LM2576SX-XX or LM2576HVSX-XX
See Package Number KTT0005B

Top View

ond 11 5- ON/OFF
T T 4- Feedback
O 1T 13- Ground
112~ Output
OfF—T—T—11-V,

Side View
PINS 1,3, &5

PINS 2 & 4

Figure 37. Bent, Staggered Leads
5-Lead TO-220 (T) Package
LM2576T-XX Flow LB03
or LM2576HVT-XX Flow LB03
See Package Number NDH0005D
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LM1577/LM2577 Series
SIMPLE SWITCHER® Step-Up Voltage Regulator

General Description Features

The LM1577/LM2577 are monolithic integrated circuits that ~ ® Requires few external components

previde all of the power and control functions for step-up  ® NPN output switches 3.0A, can stand off 65V

(boost), flyback, and forward converter switching regulators.  m Wide input voltage range: 3.5V to 40V

The device is available in three different output voltage ver- g Cyrrent-mode operation for improved transient

sions: 12V, 15V, and adjustable. response, lfine regulation, and current kmit

Requiring a minimum number of external components, these  m 52 kHz internal oscillator

requiators are cost effective, and siraple to use. Listed inthis g gofi-start function feduces in-rush cusrent during start-up
data sheet are a family of standard inductors and flyback g Output swilch protected by current limit, under-voltage
transformers designed to work with these swiiching regula- jockout, and thermal shutdown

tors. ;

Included on the chip is a 3.0A NPN switch and its assoclated H H 3
protection circuitry, consisting of current ana thermal imting, Typ 'cat Apphcatlons
®m Simple boost regulator

and undervoltage lockout. Other features include a 52 kHz

fixed-frequency osciliator that requires no extemal compo-  ® Flyback and forward regulators
nents, a soft start mode to reduce in-rush current during W Multiple-output regulator
start-up, and current mode control for improved rejection of

input voltage and cutput load transients.

Typical Application
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Hote: Pin mambers dhonm are for TO-220 (T) package.
Ordering Information
Temperature Package Output Voltage _J NSC !
Range Type 12V 15V i ADJ Package | Package
Drawing

~40°C < Tn € +125°C | 24-Pin Surface Mount | LM2577M-12 | LM2577M-15 | LM2577M-ADJ | M24B SO
16-Pin Molded DIP LM2B77N-12 LM2577N-15 LM2577N-ADJ N16A N
5-Lead Surface Mount LM2577S5-12 LM2577S-15 LM2577S-ADJ TS5B TO-263
5-Straight Leads LM2677T-12 LM2577T-15 LM2577T-ADJ TO5A TO-220
5-Bent Staggered LM2577T-12 LM2577T-15 LM2577T-ADJ TOSD TO-220

Leads Flow LBO3 Flow LBO3 Flow LB03
-55'C < T, £ +150°C | 4-Pin TO-3 LM1577K-12/B83 |[LM1577K-15/883 LM1577K- KO4A TO-3
ADJ/BB3
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(Soldering,

Absolute Maximum Ratings (note 1)

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

Supply Voitage

Output Switch Voltage

Qutput Switch Current (Note 2)
Power Dissipation

Storage Temperature Range
Lead Temperature

10 sec,)

Maximum Junction Temperature

Minimum ESD Rating
(C =100 pF, R = 1.5 kQ))

Operating Ratings

45V Supply Voltage
65V Qutput Switch Voltage
6.0A Oulput Switch Current

Internally Limited

-65°C to +150°C LM1577
LM2577

260°C

150°C

Electrical Characteristics —LM1577-12, LM2577-12

Specifications with standard type face are for T, = 25°C, and those in beld type face apply over full Operating Temperature
Range. Unless otherwise specified, Vy, = SV, and s yyren = 0

Junction Temperature Range

3.5V € Vyy € 40V
OV € Veuurren < 60V
lswiren € 3.0A

-55'C ¢ T, € +150°C
-40°C £ T, € +125°C

LM1577-12 | LM2577-12 Units
Symbol Parameter Conditions Typical Limit Limit (Limits)
! NN _...Qloles 3, 4)_‘77 (Note 5)
SYSTEM PARAMETERS Circuit of Figure 1 (Note 6)
Vour Outpuit Voltage Vg = 5V 10/ 10V 12.0 v
l.oap = 100 MA to 8O0 mA 11.60/11.40 |11.60/11.40 V(min)
(Note 3) 12.40/12.60 {12.40M12.60 V{max)
AVouT Line Regulation Viy = 3.5V to 10V 20 mv
AViy loap = 300 mA 50/100 50/100 mV(max)
AVout Load Regulation Viy = 5V 20 mv
3L0AD Loap = 100 MA to 800 mA 50/100 50/100 mv(max)
n Efficiency Vi = 5V, koap = 800 mA 80 %
DEVICE PARAMETERS
Is input Supply CuTent | Vereoaaox = 14V (Switch Off) 75 mA
10.0M4.0 | 10.0M4.0 | mA(max)
lewiren = 2.0A 25 mA
Veoms = 2.0V (Max Duty Cycle) 50/85 50/85 mA(max)
Vi Input Supply Lwiron = 100 mA 2.90 v
Undervoltage Lockout 2.70/2,65 2.70/2.65 V(min)
3.10/3.15 3.10/3.15 V(max)
_1:0“ Oscillator Frequency Measured at Switch Pin 52 kHz
Lawiren = 100 mA 48742 48)42 KHz{min)
56/62 56/62 kHz(max)
Veer QOutput Reference Measured at Feedback Pin \'
Voltage Vi = 3.5V to 40V 12 11.76/11.64 |11.76M11.64 |  V(min)
Veoms = 1.0V 12.24/12,36 (12.24M2.36 |  V(max)
" AVpgr | Output Reference Vi = 3.5V to 40V 7 mv
AV | Voltage Line Regulator
Res " | Feedback Pin input a7 ¥Q
Resistance
Gy Error Amp looms = ~30 pA to +30 pA a70 o pmho
Transconductance Veome = 1.0V 225/145 225145 pmho(min)
515/B15 515615 | pmho(max)
Avor Error Amp Veomp = 1.1V to 1.9V 80 vV
Voltage Gain Reome = 1.0 MQ 50/26 50/25 VAV (min)
(Note 7)
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Electrical Characteristics —LM1577-12, LM2577-12 (continued)

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

Range. Unless otherwise specified, Vi = 5V, and kyygron =0

LM1577-12 | LM2577-12 Units
Symbol Parameter Conditions Typical Limit Limit (Limits)
(Notes 3, 4) (Note 5)
DEVICE PARAMETERS
Error Amplifier Upper Limit 2.4 Y
Output Swing Vegeopack = 10.0V 2.2/2.0 2.2/2.0 V(min)
Lower Limit 0.3 \'
Vieppopack = 15.0V 0.40/0.55 0.40/0.55 V(max)
Error Amplifier Veeepeack = 10.0V to 15.0V +200 HA
Output Current Veome = 1.0V +130/£80 +130/£80 PA(mIn)
+300/£400 | £300/£400 | pA(max)
les Soft Start Current Veeepsack = 10.0V 50 HA
Veous = OV 25/1.5 2515 HA(MIn)
7.5/9.5 7.5/9.5 pA(max)
D Maximum Duty Cycle VCOMF.;EEV 95 %
Iswrren = 100 mA 93/90 93/90 %(min)
Alswircn | Switeh — 125 AN
AVcomp Transconductance
£ Swilch Leakage 1 Vgwiren = 85V Y4~V T
Current Vegeosack = 15V (Switch Off) 300/600 300/600 pA(max)
Vear Switch Satura Bl = 20A ) 05 v
Voltage Veome = 2.0V (Max Duty Cycle) 0.7/0.9 0.7/0.9 V(max)
NPN Switch 45 A
Current Limit 3.7/3.0 3.713.0 A(min)
5.3/6.0 5.3/6.0 A(max)

Electrical Characteristics—LM1577-15, LM2577-15

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

Range. Unless otherwise specified, Vyy = 5V, and lsyweq = 0.

LMIE77-18 | LM2577-15 Units
Symbol Parameter Conditions Typical Limit Limit (Limits)
(Notes 3,4) | (Note 5)
SYSTEM PARAMETERS Circuit of Figure 2 (Note 6)
Vout Outputt Voltage Vi = 5V 10 12V 150 1 v
Loap = 100 mA to 600 mA 14.50114.25 | 14.50M4.25 |  V(min)
(Note 3) 16.50/15.76 | 15.50/16.75 V(max)
AVout Line Regulation Vi =35V ta 12V 20 =4 > -\ mV
AViN Loao = 300 mA mV(max)
AVout Load Regulation Vi = 5V 20 Y- sl mv
ALoAD Loas = 100 mA to 600 mA mV(max)
n Efficiency Vin = 5V, hoap = 600 mA B0 Y%
DEVICE PARAMETERS
Ig Input Supply Current Veeensack =~ 18.0V 75 mA
(Switch Off) 10.0/14.0 10.014.0 mA(max)
lswiren = 2.0A 25 mA
Veowe = 2.0V 50/85 50/85 mA(max)
(Max Duty Cycle)
Vv Input Supply lswiren = 100 mA 2.90 vV
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Electrical Characteristics —LM1577-15, LM2577-15 (continuea)

Specifications with standard type face are for T, = 26'C, and those in bold type face apply over full Operating Temperature
Range. Unless otherwise specified, V,, = 5V, and lswiren = 0.

LM1577-15 | LM2577-15 Units
Symbol Parameter Conditions Typical Limit Limit {Limits)
(Notes 3, 4) | (Note 5)
DEVICE PARAMETERS -
Undenvoltage 2.70/2.85 | 2.70/2.65 V{min)
Lockout 3.10/3.15 | 3.10/3.15 V(max)
fo Oscillator Frequency Measured at Switch Pin 52 kHz
lowrren = 100 mA 48/42 48742 kHz(min)
56/62 56/62 kHz(max)
Veer Output Reference Measured at Feedback Pin v
Voltage Vin = 3.5V to 40V 15 14.70/14.55 | 14.70/14.55 V(min)
Veomp = 1.0V 15.30/15.45 | 15.30/15.45 V(max)
AVREE Output Reference Ve = 3.5V to 40V 10 mv
AViN Voltage Line Regulation
Rea Feedback Pin Input N 122 3 xQ
Voltage Line Regulator
G Error Amp leome = —30 pA to +30 pA 300 pmho
Transconductance Veowe = 1.0V 170110 170/110 pEmho({min)
420/500 4201500 | prmno(rend
i Error Amp Veows = 1.1V to 1.9V 65 N
Voltage Gain Reome = 1.0 MQ 40/20 4020 VAV(min)
(Nate 7)
Error Amplifier Upper Limit 2.4 v
Output Swing Ve ot = @OV 2.2/2.0 2.2/2.0 V(min)
Lower Limit 03 v
Veesosack = 180V 0.4/0.55 0.40/0,56 V{max)
Error Amp Vigeooaex = 120V 10 180V | 200 | A
Output Current Veomnl= 1.0V +130/290 | +130/£90 | pA(min)
+300/£400 | +300/£400 | pA(max)
Lo Soft Start Cument VAW s T 50 uA
VaLEEIeT 2515 2.5M.6 PA(mIN)
7515 7.5/9.5 pA(max)
D Maximum Duty Veonp = 1.5V 95 %
Cycle Yowrren = 100 mA w90 9190 Yo(mir)
 Algwircn | Switch 12.5 AN
AVeowe Transconductance
I Switch Leakage Vawiren = 65V 10 W 4 pA
Current Vreeosack = 18.0V 300/600 3001600 HA(max)
(Switch Off)
Vgat Switch Saturation lswrren = 2.0A 0.5 Vv
Valtage Veoms = 20V 0708 0.7/0.9 Vimax)
(Max Duty Cycle)
T NPN Switch Veoms = 2.0V 43 A
Current Limit 3.7/3.0 3.7/3.0 A(min)
5.36.0 5360 | Agmax)
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Electrical Characteristics —LNM1577-ADJ, LM2577-ADJ

Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature
Range. Unless otherwise specified, Vyy = 5V, Vegepeack = Vrer @M lgyymen = 0

LM1577-ADJ {LM2577-ADJ Units
Symbol Parameter Conditions Typical Limit Limit (Limits)
(Notes 3, 4) (Note 5)
SYSTEM PARAMETERS Circuit of Figure 3 (Note 6)
Vour Output Voltage Vi = 5V to 10V 12.0 Vv
L oap = 100 mA to 800 mA 11.60/11.40 | 11.60/11.40 V(min)
(Note 3) 12.4012.60 | 12.40/12.60 V(max)
AV Line Regulation Vi = 3.5V to 10V 20 mv
AV koap = 300 mA 50/100 50/100 mV(max)
AVour! Load Regulation Vi = 8V 20 mv
Ahisan Loap = 100 mA to 800 mA 50/100 50/100 mv/(max)
n Efficiency Vi = 5V, Lopn =800 mA 80 %
DEVICE PARAMETERS
s Input Supply Current Veeepsack — 1.5V (Switch Off) 7.5 mA
10.0/14.0 10.0M4.0 mA(max)
levuron = 2.0A 25 mA
Veoue = 2.0V (Max Duty Cycle) 50/85 50/85 mA({max)
Vi Input Supply lswirci = 100 mA 280 v
Undervoltage Lockout 2.70/2.85 2.70/2.85 V(min)
3.10/3.15 3.10/3.46 V(max)
fo Oscillator Frequency Measured at Switch Pin 52 kHz
bwmren = 100 mA 48/42 48/42 kHz(min)
56/82 56/62 kHz(max)
Vrer Reference Measured at Feedback Pin v
Voltage Vg = 3.5V to 40V 1.230 1.214/1.206 | 1.214/1.206 V(min)
Veoup = 1.0V 1.246/1.254 | 1.246/1.254 V(max)
AV ger! Reference Voltage Vi = 3.5V 1o 40V 05 mv
AV Line Regulation
I Efror Amp Veous = 1.0V 100 nA
Input Bias Current 300/800 300/800 nA(max)
G Error Amp leomp = —30 pA to +30 pA 3700 pmho
Transconductance Veomp = 1.0V 2400/1600 2400/1600 | pmho(min)
4800/5800 4800/5800 | pmho(max)
F— Error Amp Veome = 1.1V 10 1.9V 800 VN
Voltage Gain Reomp = 1.0 M (Note 7) 500/250 500/250 V(min)
Error Amplifier Upper Limit 2.4 V
Output Swing Veeeosack = 1.0V 2.212.0 2.2/2,0 V(min)
Lower Limit 0.3 vV
Vesgopack = 1.5V 0.40/0.56 0.40/0.55 V(max)
Error Amp Veeeosaex = 1.0V to 1.5V +200 pA
Output Current Veoime = 1.0V +130/490 +130/£80 pA(min)
+300/£400 | 1300/2400 pA(max)
lss Soft Start Current Veeepeacin™ 1-0M 50 BA
Veome = OV 25M1.5 2515 HA(mMIn)
7.58.5 7.5/9.5 HA(max)
D Maximum Duty Cycle | Veome = 1.5V 95 %
lswiren = 100 mA 93/90 93/30 %(min)
Algpwirer/ | Switch 125 AN
MVeame Transconductance
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Electrical Characteristics —LM1577-ADJ, LM2577-ADJ (continued

Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature
Range. Unless otherwise specified, Vi = 5V, Vegegeack = Virer, @ bswion = 0

LM1577-ADJ |LM2577-ADJ Units
Symbol Parameter Conditions Typical Limit Limit {Limits)
{Notes 3, 4) (Note 5)

DEVICE PARAMETERS

W Switch Leakage Vawren = 65V 10 WA
Current Veeepeack = 1.5V (Switch Off) 300/600 300/600 HA(max)
Vear Switch Saturation lswircn = 2.0A 0.5 \J
Voitage Veome = 2.0V (Max Duty Cycle) Q.7/0.8 0.7/0.9 V{max}
NPN Switch Veowr = 2.0V 4.3 A
Current Limit 3.7/3.0 3.7/3.0 A(min)
5.3/6.0 5.3/6.0 A(max)
THERMAL PARAMETERS (All Versions)
B Thermal Resistance K Package, Junction to Ambient <
By K Package, Junction to Case 15
Ba T Package, Junction to Ambient 85
B¢ T Package, Junction to Case ]
| N-Package, Juncton (0 85 -
Ambient (Note 8)
-BJ: e M Package, Junction 100
to- Ambient (Note 8)
Ba S Package, Junction to 37
Ambient (Note 9)

Note 1: Absolute Maximum Ratings indicate imits beyond which damage fo the device may occur, Opérating ratings indicate conditions the device is intended to
be funcional, but device parameter specificabons may not be guaranteed under these conditions. For guaranteed specifications and {est conditions, see the Electrical
Characteristics.

Note 2: Due to {iming considerations of the LM1577/LM2577 current imit circuil, output current cannat be intemally limited when the LM1577/M2577 Is used as a
step-up reguiator. To prevent damage 1o the switch, its current must be extemally imited to 6.0A. However, oulput current is intemally fimited when the LM1577/
LM2577 i1s used as a fiyback or forward converier regulator in accordance to the Application Hints.

Note 3: All imits guaranteed at oom temperature (standard type face) and at temperature extremes (boldface typea). All limits are used to calculate Outgoing Quality
Level, and are 100% production tested.

Note 4: A military RETS electrical test sp onis ble on request Atthe time of printing, the LM1577K-12/883, LM1577K-15/883, and LM1577K-ADJ/8B3
RETS specifications compliad fully with the boldface Himits in thesa columins. The LM1577K-12/883, LM1577K-15/883, and LM1577K-ADJ/B63 may also be procured
to Standard Military Drawing specifications.

Note 5; All imits guaranteed at room temperature (standard type face} and al temperature extremes (pokdface type). All oom temperature fimits are 100% produc-
ton tested. All imits at temperature extremes are guaranteed via comelation using standard Statistical Quality Control (SQC) methods

Note 6: Extemal components such as the diode, inductor, input and oulput capacitors can affect switching reguiator performance. When the LM15774LM2577 is used
as shown in the Test Circuit. system performance will be as specified by the system parameters

Note T: A 1.0 M2 resistor is connected fo the compensation pin (whichis the error amplifier's oulpud] 1o ensure actixacy in measwing AyoL. b aclual applications,
this pin's load resistance should be 210 MQ, resuting in Ay that is typically twice the guaranteed minimum Emit

Note 8: Junctionto ambient thermal resistance with approximately 1 square inch of pc board copper surounding the leads. Additional copper area will lower thermal
resistance further. See thermal mode! in "Switchers Made Simple” software.

Note 9: I 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 coppar area, B4 is 50°C/W: with 1 square inch of copperarea, §» is 37°CAMV; and with 1 6 or more square inches of copper area, B, is 32°CAN
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Typical Performance Characteristics
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vs Temperature
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Error Amp Voitage

Gain vs Temperature
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Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continue

Feedback Pin Blas
Current vs Temperature
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Maximum Power Dissipation
(TO-263) (Note 9)

(53

POWER DISSIPATION

0 10 20 10 40:50 60 70 .80 90100

AMBIENT TEMPERATURE {7C)
DSO11488-31

Connection Diagrams

Straight Leads
5-Lead TO-220 (T)

SN

4= Switch
5- Ground
2- Fesdback

Gnd

O

1="Cemp
DS011468-4
Top View
Order Number LM2577T-12, LM2577T-18,
or LM2577T-ADJ

See NS Package Number TO5A

vs Temperature

Osciliator Frequency

| &LJ YERSIONS |
|

ENCY kK?

Bent, Staggered Leads
5-Lead TO-220 (T)

Creund
Feadback
Comp

DS011468-5
Top View
Order Number LM2577T-12 Flow LB03, LM2577T-15
Flow LBO3, or LM2577T-ADJ Flow LB03
See NS Package Number T05D
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Connection Diagrams (continueq)

16-Lead DIiP {N)

i) N 16,
—]e A
.i2] 15 .
COomP —31 l-"- GND
4 13
FB = = GND
5 12
GND — —— GND
6 11
SWITCH = — GND
- |10 .
8 9 ,
Yin =1 ==
DS5011468-6
*No internal Connection
Top View
Order Number LM2577N-12, LM2577N-15,
or LM2577N-ADJ

See NS Package Number N16A

TO-263 (S)
5-Lead Surface-Mount Package

-

7= r'f';il: ACk
-3 i- Cemp
DE011468-32
Top View
DS5011468-33
Side View
Order Number LM2577S5-12, LM2577S-15,
or LM2577S-ADJ

See NS Package Number TS5B

24-Lead Surface Mount (M)

) e 24,
GND = @ —
z 23
cg\qp_i. ———
3 22,
F5—— o
4 21
GND =t —"
5 20 ,
— £
] 1
SHITCHA = LS
i 1,
v‘\...a_. i'
o8] e,
. G ‘5 .
=
il 14,
12 13
GND ~—— e
DS011488-7

*No internal Cennection
Top View
Order Number LM2577M-12, LM2577M-15,
or LM2577M-ADJ
See NS Package Number M24B

4-Lead TO-3 (K)

CASE- 5 GROLND

FLECERACH

Comp

DS011468-8

Bottom View
Order Number LM1577K-12/883, LM1577K-15/883,
or LM1577K-ADJ/883
See NS Package Number K0O4A
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FAIRCHILD
SEMICONQWCTOR"

1N5820 - 1N5822

Features

* 3.0 ampere operationat T, = 95°C
with no thermal runaway.

* For use in low voltage, high
frequency inverters free
wheeling, and polarity
protection applications.

Schottky Rectifiers

Absolute Maximum Ratings*

DO-201AD

COLOR BAND DENOTES CATHODE

T,=25°C unless otherwise noted

Symbol Parameter Value Units
1N5820 | 1N5821 | 1N5822
Vieam Maximum Repetitive Reverse Voltage 20 30 40 \
v Average Rectified Forward Current 10 A
3/8 " lead length @ T, = 95°C :
lesm Non-repetitive Peak Forward Surge Current 80 A
8.3 ms Single Half-Sine-Wave
Tetg Storage Temperature Range -65 to +125 G
T Operating Junction Temperature 25 to +125 )
*These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.
Thermal Characteristics
Symbol Parameter Value Unils
Py Power Dissipation 3.6 W
Ran Thermal Resistance, Junction to Ambient 28 °C/W
Electrical Characteristics v, -25:cuniessothewise noted
Symbol Parameter Havice Units
4NS5820 | 1N5B21 | INS5B22
Ve Forward Voltage @30A 475 500 525 mvV
@94A 850 900 950 mV
I Reverse Current @ rated Vp Ty =25°C 0.5 mA
T, = 100°C &Y ik,
C: Total Capacitance 190 pF
Ve=4.0V,f=1.0 MHz

©2001 Fairchild Semiconductor Corparation

1N5820-1N5822, Rev. C
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Schottky Rectifiers
(continued)
Typical Characteristics
i«l 20 Fo ] :
T,=25% 1N5620 :
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST U OPTOLOGIC™ SMART START™ VCX™
Bottomless™ FASTr™ OPTOPLANAR™ STAR*POWER™
CoolFET™ FRFET™ PACMAN™ Stealth™
CROSSVOLT™ GlobalOptoisolator™ POP™ SuperSOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-6
DOME™ HiSeC™ PowerTrench” SuperSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
E2CMOS™ LittleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak™ Quiet Series™ UHC™

FACT Quiet Series™ MICROWIRE™ SLENTSWITCHER'  UltraFET"
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANYLIABILITYARISING QUT OF THE APPLICATION OR USE OF ANYPRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEYANY LICENSE UNDER ITS PATENT

RIGHTS, NOR THE RIGHTS OF OTHERS.
LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or 2. A criical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or

with instructions for use provided in the labefing, can be effectiveness.
reasonably expected to result in significant injury to the
user.

PRODUCT STATUS DEFINITIONS
Definition of Terms
Datasheet Identification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Prefiminary First Production This datasheet containe prefirninary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without nofice in order to improve
design.

No ldentification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any fime without notice in order fo improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet Is printed for reference information only.






