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Abstract

This thesis describes the possibility of design and building of wind energy for
battery charger system This system consists of 4 parts 1) DC electric fan 2) DC/DC
converter of DC electric fan 3) 5Volt switching power supply ®)Microcontroller The
Principles is DC electric fan will pick wind energy and convert into electrical energy.
Then convert by DC/DC converter of DC electric fan  to enter the next section by
using microcontroller for decided that will be used for charge battery or not With a

5Volt switching power supply to supply microcontroller.
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druUsznoy (Construction)
L wiusuan (Positive Plate) ihilangnanvesnsin asasiemanvemanzinay fu
dsavangnsadayin (Sulfuric Acd) i 2 i “wuunaen” (Tubular Type) way “wuu
\58u” (Pasted Type)
2. wiusmav (Negative Plate) tulanzrauvosmeiiuieaiiu uiiiyans
iseUfjiseniieniy “wuuSeu” (Pasted Type)
3. wiufy (Separator) dlvatowtin iy wiuduenslalasiysa (Microporous Rubber),
waaan (Plastic), nszatwlanis
4. wWasnuageh (Container & Cover) vi 9 INWaNARA Transparent Plastic %!dﬁmmﬁﬂwéu
MUABLIINTZUNA NUFDNSAPNSDUVDINIA

o= t:l'n; ar 2/

3.2 vlaLUARBINANTAIAUSEYLA
wunnesvilndsegliibmilduse iwadyiogd awnsauseglilitlmilindsaniy

vuntiissnansiadiiliviuusmeiviatiannsnilinduluagluanmduldlnensysya
IndulnigagunsainlionlniSanit visaaes vie Sunfaees

wuawesyiauszalihludldnmunigedsldagaunseiallagiufe "wadilon” uie
LumnesaEni-nIn  (lead-acid  battery)  wummaSviadazussalunwusililaUandn
(unsealed container) FawumneIvzansagluimumisimasanauazfoaduiuiiissuy
omeleilusend  diesyuiefing lalasiau Minonufizeuazuvnmeiviinvsiithnn
1N

o = ¥ & = ¢ o v oo
JUMUUENYIBIMUARDIAZNI-NTA ABWUALNDT S08UR Beamnsavzlindsaulih

lataUszann 10,000 Fmalutiranandus uazinIzLARILA 450 fi9



1100 woslUs arsazaredianinsladuoduumneine nsndaiiin Jeaunsadusunsioss

& @ v 5 o st T < “ , ¢
Hamdauazenle  wuameIagm-nsafiilsnaunauini3endn wuamesiaa (M3 "wawad’)
meluazussydianinsladuszinnail-lda (semi-solid electrolyte) itlaafumsunldd uay

=

wusmmesrlesalilmildiindouineldazainnifelssnan "wadue  dineuldiuly
Insdwiisiodauavmaufiamasiunin wadvaUAADIYniine

3.2.1 dnifaurialensies  (NiMH)  Suuusmesinudivdeslusnsudleusisng
Wwillo Lummn flsrmgn Suszdvisnmiia firuvunuvesasiaiige walinsaiadsygies
w0 wazihhuinun mwamwmﬁwwuﬂwummwﬂsvaamammmmmwmLLuuamﬂw
AnA

322 dnifauwandion - NiCd). - wuannlusosudloweds  esaniisagn
Ussdvsnmuiunans nusedasinsaieusyagdlasligydsanuiivdseaion Imsene
US¥UDINRANAIT UALINATEY memory effect mmﬂmmmmmumﬂawaamiamﬂswa uay

Duivredeuinday feila uuiinsuldlulouglsy

3.3 WANNTOAUSTUUMABIUUUAILY

mstaussquuamelLUsUgWIddy Float Charge uay 3-Stage Charge
WUU Float Charge wudlatily 2 WUUEaEY Ao Good Float Charge wag Bad Float Charge
3.3.1 Good Float Charge

winliuseiulsinasuiiu Float Voltage Weilusedu 13.8V (n3duuninod 12V)
ey aﬂﬂiuﬂﬂﬂi“’LLﬁﬂGﬂﬂuaﬂﬂi“’ﬁﬂﬂ 75% mﬂmmmwmmammma NIslavzADL ")
anavAwnTal warlilandnusyy 75% usn Fundn 25% nd
3.3.2 Bad Float Charge

wilnsanvaansaualviviiouiussduasiiaagiy Float Voltage (13.8v Inevinl) uag
ﬁ]’]ﬂﬂ’l‘iﬁﬂi:ﬁLLﬁmﬂa%%ﬁ%ﬁﬂﬂ’ﬁﬂa?ﬁ@ﬂisi}u’]ﬂ
3.3.3 3- Stage Charge

i 1 a%mmumuau Good Float Charge wumammamﬂiwmamuuamw
UNSTIIR Boots Voltage (14.4V) *Uuwamuﬁamuavamawuni“mmaa Y4 UBINTELLHAFIER
uazazdnUszgaaluauiiminqguszang 90% nty usauesddewiy Foat Voltage ng
omlusl LLazﬁJ:H'mmé’mﬂﬁxﬁ;mﬂ%u’lu%n 10% finde

3.4 'Naié'ﬂﬂi::’aggwﬂLma?'slulﬂﬁad’m

Huduiinssauszquuaneilnedeiumdnuiiszaunsduinansalngsg
luiinummeiidu pulse charge Fafidamsany pul semﬂ'miluiﬂsﬂauiwma%L‘Ff’]mmn
Nﬁ]iafﬂﬂ‘i“?\] 'lUmLLummaswmaanﬁamﬂi“a L‘W@’E‘wuamwmsamﬂiyaammm LLa‘”WEJﬂLlJEI
Usy mwmmaswmu Ingld microcontroller lumsmauaumssausey



Umﬁ q
lassasreszuululasesu

4.1 1A5985195700941A5HUY

. At wuaniym . Boost
DC Fan T
Converter
' ~ PWM
SUATCITE S\ teelibepll |
; Microcontroller ¢ i
5y charger

Battery E’ &

JUT 4.1 uansufionlnesunsusinvedlassy

ilnimanlvifinssuansdldiundsauan. dnaulviihfasdsund e dund
I ud 493 step up converter uasianstiiae 5 Taamilalidsslulasnoulnsiaes
viellulasaulnsiaedvineu ndulilaseouinsianiasinmsnsdgeuAIs TN
undsdnginitgaadmiunissaussaudels . wdarudnenasonuNIE LCD Tvasiy
idwheslsey Wy dwinasindeuunasiieudimuiaoangaumdaussauunines
Lulaspoulnsianiagyinisds pulse - lUfhaesaununisdausygosnUsyuunnauay
uansHaiiae LCD NMasey uddnTmsvdsuLMaIdsLd U ldnyauiunis
Savsvquumned  lulasaeulnsinesavuansdeanumiese  LCD  duineslsturily

wiaseislivngauiunsenUsyuunn e’
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4.2 31993 nN¥138AULSIAULHTALUU step up converter
WITINTTAUUSITUINIUUU  step up  converter  W3BawRTYERABULIBSIADS
(Boost Converter)fnsasivimiiifiuseiuusssuludi Fausasulivhduewinnazgandy
WSIAUMNIAUB U
MsIATIEIMITINWeTITyaRrauneineilutanzeyi axiinsimun
Foulvlumsviausensesyadasuisd iielfhedemsiasisal
1. nszualwihiilvarudaminh a suwniaieiuluazans ssfiiuiiy
wazdianduuiniaus
2. wawdliiliadsanasensmiend luusiazauasinduaud
! G]’JLﬂUU‘iuﬁlﬁlENiﬁm’lﬂI%mL‘WEW]WIWL‘NWULB'WIWG]NF]’WFNW

4. Maslwihdunm whaumhaslndaauianing

e

il vl e
0 [

JUN 4.2 2195350 wsvauusstuliFLuy step up converter

WANNTYINIUYBI99sYdAdROUIDIA BT

wanmimmmammwammuna‘sma‘aLwa‘[mmeummamwmmmmmaqrmt
JzSuFuRtaR U meuh\‘ﬁmaamnﬂiaummumuﬂuumaummum']nu'ﬂua uay
mmmmmnmualﬂﬁmlwamummummi@ﬁmmm'31mmimmummmmsﬂmmau
lviun



YuEAINTUINT L UA
NNFUIMUEN Wadindunsyua nssuaanuurasdiglnihnszuanssasluarius
wilenheeing Foilidmienhuszandnlii vasdoilelonvggnlusa

dounauvinlluatunsadinssuale

\ ¥

i
f
|
3

> J

1

1

—-—m-’
5" (T‘- \‘
I ]

S

= @ as ar a &o
JUN 4.3 Wasinwsziunsaiulnihuuu step up converter ynzaindiingzua

YUrAInTIngAUINTEUE
' Weaindlaiumnsvua finilguiasfundeny shundlalaauaginan vl
nsvuliih e uddmisnhedveioilas auiusdulalidueninmiinag

3
e
AW

h (g y/

Ui 4.4 ra9sinmaziunssduliiiuuy step up converter auzaiRdngmMiNTELA
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4.2.1 1asinwszruusaaulviiuy step up dmsudinaulwdinssuans

. INS§21
100 pH 12V @=B00 ma

O REGULATED QUTPUT
Vayr = 1.23V (1 + R1/R2)

+3V

inpuT © I
0.4 ;LFI . 5 VIN

R1 t

17,4k =
COMP 680 uF
1 LM2577-ADJ
2.2k R2 "=
e k
0.33 uF

JUT 4.5 29335nwsyauusesiuluiuu step up dwsusinaulniinssuanss

Tulassoniflald 1C LM2577-AD) Tumsadnaneas step up converter L{ipsannil
$903 input ind1e 35 = 40 Taadlitesesiurmusiidiliadeseniimaulviiianssuanss
uarUSUAY output U999993 step up converter Wilewindy 18 Lasiioinlunly
duvernvsdaUszauumneinely Fdlursasildfimandousnil R uag R2 Wiy
N3AUIMIAT R1 Ay R2
Vout = 1.23V(1 + R1/R2)
18V = 1.23V (1 + R1/R2)

14.63 = 1 + R1/R2
13.63 = RR@
13.63 R2 =R

R1 = 2K2 , R2 = 30K
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4.3 14973 switching voltage regulator

S— FEEDBACK
(60V for HY) | LM2576/ |3
UNREGnUli?TED G- : LMZS?GHV" +5Yy
DC INPUT 5 0 OUTPUT REGULATED
£l By e 2 1004ty [ ¢ 3 Low
- _ sloenNo 5] on/orr - out
100 uF

IN5822 I L

e e
e — [e—

g‘dﬁl 4.6 1993 switching voltage regulator

i dulassliiuens - microcontroller Tos¥u  input - wmnsimaslih

nIzuanse umgraiidenld IC LM2576-5 1 iaswndisiailuums Iude wasindae
GRIGETR
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4.4 2995 lasaouinsiansiild PIC 16F877A

a o % e o ol i o P
waraidenly PIC tuasthilasoin analog input v1I1NDg 8 U1

40-Pin PDIP
MCLR/VPP — [ 1 N ] = RB7/PGD
RAO/ANG =[] 2 39 [] «— RB6/PGC
RA1/ANT ~—[] 3 38 [1 — RBS5
RAZ2IAN2/NVREF-/CVREF < 4 37 [] =——= RB4
RA3/AN3/VREF+ ~—s[] 5 36 [] =—e RB3/PGM
RA4/TOCKI/C10UT «—a[16 35 [ -— RB2
RAS/AN4/SS/C20UT =[] 7 < 34 [J«— RBI
REQ/RD/ANS ~—[] 8 I~ 33 [] =— RBO/JNT
RE1/WR/ANS <—[] g § 32 1 «— VoD
RE2/CSIAN7 =[] 10 o 3% [] =— Vss
voo——+[] 11 &5 300 -—= RD7/PSP7
VS .12 & 29[7«— RDG/PSPS
OSCHCLKL —» 113/ y= 28 []~— RD5/PSP5
OSORLPRE <2\_F194 g 27 [] < RD4/PSP4
RCO/T1OSOTICK! =[] 15 26 [0 «——= RCZ/RXDT
RC1/T1OSVCCP2 ——u [ 16 95 [] =—+ RCBTXICK
RC2/CCP1 w—w ] 17 24 [] =— RC5/SDO
RC3/SCK/SCL -— [ 18 23 [] =— RC4/SDI/SDA
RDOPSPO =— [] 19 29 [ =——= RD3/PSP3
RD1/PSP1 ~—[] 20 21 [] =—= RD2/PSP2

gﬂﬁ. 4.7 pins diagram
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3UN 4.8 Schematic 1999slulasraulvsaians

Naiﬁlﬁémﬂsxﬂawﬁmag 3 daufe 1) @usua analog input , 2@ ILuanIHET]
9 LCD |, 3jdumuaumsyass pulse Wianiiluzsnumeed

Tudiua analog input dinseanuwuulaeldR trimpot USuAwsauidluin
analog input vas PIC Willdsndhuivmnzean wasdimsldiafiusyy 100nF ielwiloiin
MsAsuulamoussuluudumdy AuseuitiuinerlelindouiUanuudundy uazld
zener diode wiafiinileiiusaduduaiuaninuun axlsvily PIC @eune

ludhusanwaiioe LCD finmsiuuald PortD viwhdiiuewinnuanwalddl LcD
wazil R trimpot w1 3 189 LD Miflavinsuiumamnuduvesiisnys waziladndiion 15

Wanuaun 1 Unlnvae backlight

|
<

ludumuaumsvasy pulse Warlum$anuminedinisld MOSFET IEF540N iile

=

Miduaindlumsauay putse Tnowmauaiidonld MOSFET iflssaniiiwdsnugde

L

Upuni1 uasiinisld Diode FR207 wisiinwmsdt pulse 1Wu low aglalaifiusediudounduan

WURLADILUNINYIN IS L B vne
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4.5 WUswnsunisvinuvesiulasaaulnsiaas

void main()

{

//BusulUsunNsUnan

unsigned long intVfan , Vboost | Vbat , VTfan , VTboost , VTbat ;

//as1aiudsiiusadwsilaannnisiutas AD

unsigned char v1,v2,v3 vd v5v6,v7 v8,v9,v10,v11,vi2 ;

//@snaswlsiAuAmLanINaLAasan

TRISD=0x00;
TRISC=0x00;
TRISB=0x00;
TRISA=0x07;
Lcd_Init(&PORTD);
Led_Cmd(LCD_CURSOR_OFF);
PORTD=0x00;
PORTC=0x00;
PORTB=0x00,
RETURN:Lcd_Cmd(LCD_CLEAR);
while(1)

{
Vfan = Adc_Read(0);
VTfan = Vfan*d89/1000*24/10;
WARIKA
Vboost = Adc_Read(1),
VTboost = Vboost*489/1000%4;
LR A

Vbat = Adc_Read(2);

//fmua port D Wy output
//iwua port C 10 output
//amun port B 1 output
//famua port A WU input
/Al LCD eamaiunain D
//UANIIENA cursor

//port D AAMSIHUWNNY O

// port C fAMSIAUINAY 0

// port B flALsaaumany 0

/APdevaae LCD

w
=l

AiinnsaueglugUilldsau

U

Jenuman A/D uAulAly Van

Hdmaawsaleainnisulas A0 uwadndulnsey

//awanan A/D wiulilu Vboost

//iuaansAlaainniswlas A/D uUadnduimnsew

//871uman A/D uuAulilu Vbat

VTbat = Vbat*489/1000*d://(4times)//dmadnsiilaainnisulas AD wulainduinsey

ARG

U L e

v1=VTfan/1000;
v2=(VTfan%1000)/100;
v3=(VTfan%100)/10;

Vuliluvs

//Asrmanduasninanuagesnulily vi
//admanuiiseeninainuananiulilu vz

/AR matlasumian 1 sanuanEaguiilain
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v=VTfan%10; /A mationduneit 2 90N1NINHAANT LS
uliluva

Led Chel,18,F); //udma F fivaneds Fan

Led_Chr(1,11,v1+48); /AAMIALSIIUREaNAUUURD LCD

Led Chr(1,12,v2+48); //UARSASIFURANMUEUNTD LCD

Lcd Chr(1,13,); //Ud9a A YU LCD

Led_Chr(1,14,v3+48); //uanmusaRunAdisiuieit 1 vuee LCD
Led_Chr(1,15,v4+48); //uansAusaiumeadensumiad 2 vuee LCD

Led Chr(1,16,'VvY; /ans v uuaa LCD

L L L L L e
v5=VThoost/1000;

v6=(VTboost%1000)/100;

v7=(VThoost%100)/10;

v8=VThboost%10;

Lcd Chtay,'s"; J/uand S Tivaneia Step up converter
Led Chr(2,2,v5+48);

Lcd Chr(2,3,v6+48);

Led Chr(2,4,0):;

Led_Chr(2,5,v7+48);

Lcd_Chr(2,6,v8+48);

Led_Chr(2,7,vY);

LTI EILEIL T I T L L1117 177 11 101 1
v9=VTbat/1000;

v10=(VTbat%1000)/100:

v11=(VTbat%100)/10;

v12=VThat%10:;

Led_Chr(2,10,'BY); //uana B fivneda Battery
Led_Chr(2,11,v9+48);

Led_Chr(2,12,v10+48);

Led Chr(2,13,'));

Lcd Chr(2,14,v11+48);

Led Chr(2,15,v12+48);

Led_Chr(2,16,'v);
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iz

if(Vfan>=255 &&Vbdost>:869 &&Vboost<=971 &&Vbat>=409 &&Vbat<716)
/Nfan>=1.254.25<=Vboost<=4.75,2<=Vbat<=3.5

//\dinen Vfan,Vboost,Vbat
{

Led_out(1,1, "CHARGING');

PORTB=0X01,;

delay_ms(1000);

PORTB=0X00;

delay ms(300);

goto RETURN;

if(Vfan<255)
//\diaen Vfan

{
Lcd_out(1,1, "FAN ER");
delay_ms(300);
goto RETURN,;

}
if(Vboost<869 || Vboost>971)
//\finA1 Vboost

{

Led out(1,1, "BOOST ERY);
delay_ms(300);
goto RETURN,;

if(Vbat<409)
//\TAAN Vbat

//L@ne CHARGING vuaa LCD
// port B uani output 18y High
//Aag1000ms

// port B ua@nd output 1Ju Low
//Aa8300ms

/nduluft RETURN

// .25V

AR FAN ER vuaa LCD
//Aa8300ms

//naului RETURN

/) 6.25V 475V

//u@ne BOOST ER U198 LCD
//Mad300ms

//ndulUR RETURN

/2N



Led out(1,1, "LOW BAT");
delay_ms(300);
goto RETURN,;

iflVbat>716) // 3.5V
/AiRAn Vbat

{
Led_out(1,1, "FULL BAT"):;
delay ms(300);
goto RETURN;

/u@ns LOW BAT uuas LCD
//Aag300ms

//nduUlUf RETURN

Anany FULL BAT vwas LCD
//fag300ms

JdulUi RETURN

19
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UNA 5

NIINAABILLASHNANITNAADY

5.1 medsuguanvinislwilivasnnauliiinszuanse

vinmsnadaulaenisihinanlaiinszuanssvwn 12 Taduvinisnegeulaanisly
auvnnsivassneud  Taeldnundasisneg  uarinuseduiildoninaslniiinszuanssdi
Tuan 600 ntuthumummANsELaLas TS enns W

P ar  w ¢ i = el a as ol
M13791 5.1 ‘ﬂ’ﬂllﬁiJWUﬁ?S“ﬂi}'Nﬁ’J’]lJL‘i'Jﬂ‘ULL'NF]‘uLLa3ﬂ"§5LLaﬂ@iWﬂﬁMlWﬁqﬂ‘ib’LLHW?QV}I‘MB@
608

Velocity(km/hr) Voltage(V) Current(A) Power(mw)
30 3.7 0.0617 228.29

a0 4.7 0.0783 368.01

50 6.0 0.1000 600

60 7.0 0.1167 816.9

70 8.0 Gl &' 5% 1066.4

80 9.0 0.1500 1350

90 10.0 0.1667 1667

100 =T 0.1950 228 1%5

110 12 % 0.2117 2688.59
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‘: DT st U S e T S S S B

0.2
0.15
== CUrrent(A)

0.1 ,"A, S ——

0 :'7“"‘""'“"'""“"'7' AR S - S ageel Simosm © ik S g e ey 3B r " . NSk e R \\'fJ.‘::}l ta%o(\'{)

8.7 4.7 6 7 8 9 10 1.7 1247

I o

T A € RO P D, b R, 02 ¢ v g A — 20 B A B T
EU‘V] 54 ﬂi']WLLﬁ@Qﬂ’J’]lJﬁMWlJﬁ(‘WWJ’NLLSdﬂUﬂ‘UﬂizLLﬁ‘UENWWﬁNlWﬁ']ﬂi%LLﬂmiQﬂIWﬂﬂ 600
| 14 BB 8 o TV SUeYoYaYalail> AN A Some i

12 | _ ﬁ"/

10

= \l0ltage(V)

|0 e e Velocitv(kin/hn)

| 30 40 50 60 70 80 90 100 10

UN 5.2 nswluansnudisiusseuineausiduunssauvesinanliinnsyuanseiiivan
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0.25

0.15

01 - === Current(A)

0.05

0 - ity(km/hr)

53 s fiven
GOQ 4 «-n v

an®am

A'A'A

ol
Goih. AR

AlaYoYalalall >

dy I dl Y o U 14 d‘ = ! gj 1 Y o ¥ € Y 14
wnanstiluenansnanulidmsunisidauienisfnwinnu ldeyaelmiluldusslevisunisen

ludnsallagsau Snvivhudlvidaudasilon wasseseedatadivesenarsynasainisinluly
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5.2 NMINAFBUINITINWITZAULTIAU step up converter a@rudunnaulnii

NITUAATIVLY open circuit
nmaaaulauni1I9s step up converter 1AaiU power supply ANTUUSY

s input WlAwinduamnldanmsnegeuinanlvfidnszuaasdumsed 1 udwims

IMAINTLUA input Uasllsaeu output YR open circuit

A3I90 5.2 UAASALTIAY input NSEUA input WATANLSIR output TN step up

converter Ye open circuit

Input Voltage(V)

Input Current(A)

Input Power(mw)

Output Voltage(V)

57

0.0110

40.7

18.06

a.7 0.0108 50.76 18.03
6.0 0.0095 57 18.03
7.0 0.0092 64.4 18.01
8.0 0.0091 72.8 18.00
9.0 0.0089 80.1 18.00
10.0 0.0087 37 18.00
11.7 0.0085 99.45 18.00
1257 0.0084 106.68 18.00
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i 0012 e e ot e i 5 O S A o s b e A e bl

001

0005 et e 8 e e e et S AR " TR
= CUTTENE(A)

J

; D00 s oo W U W TN I T S ..
!

|

| 0.002 +—#-

|
!
0 i P DI L LA NNAANI L] Valtagc{V)

3.7 4.7 6 T 8 ] 10 347 T2V

Ui 5.4 nsluaRsAUAUUS I MIIaUSIeY input AUASELE input YBIMNAT step up

| 2028
converter ULy open circuit

1807 7 T TN NN TN T
18.06
18.05
18.04
18.03 |-
18.02 |-

== QOutput Voltage(V)
18.01

18
17.99
17.98

i
|
|
17.97 !,_ s e UL —— . I“"{f‘“_('if-’,-_".\“‘."'}
.7 4.7 6 7 8 g 10 (bt 12,7
JUR 5.5 Anmuansmuduiudsendnanseiy input Auussfloutput Y849as step

converter U open circuit

up
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5.3 NISNAHDUNITINYITZAULTIAU step up converterdusunnauluiin

=2
NITLLEARNVULAINTELLE 100 mA
vimvaaaulagn131i199s step up converter 1NAaRU power supply 31NTUUTY
wseu input Inilawvinduamlannnisnegeuinadlviviinssuansedumsied 1 wdvhnas

TRAINTEUA input WaZUIIFY output U TRINTEUE 100 MA

A15197 5.3 UARALIIAY input NSEUE input LASATWSIHU output U849995 step up

converter YUENAINTEUA 100 MA

Input Voltage(V)

Input Current(A)

Input Power(mw)

Output Voltage(V)

3.7

0.465

1720.5

13.10

4.7 0.482 2265.4 18.36
6.0 0.370 2220 18.23
7.0 0.320 2240 18.19
8.0 0.268 2144 18.03
9.0 0.235 2115 18.00
10.0 0.208 2080 18.05
11.7 0.178 2082.6 18.03
12.7 0.164 2082.8 18.01
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== CUTTENT(A)

| o &4 A" N e e — Voltage(V)
|
| 3.7 47 8 7 8 9 10 1166 12.7
l & . a7 o e E L3 A8 i

JUN 5.6 nymlianemuduiussenin s
o
converter VUENFNNTLLE 100 mA

U

input. AUNTEUE input Y832995 step

18

16

14

12

10

3.7

4.7

8 7 8

|
|
|
|
i
|
!
|
{ 9

=g Output Voltage(V)

Voltagoly)

10 117 12.7

JUN 5.7 namluansmmduiudseninausadiy input Auuseiu output ¥89I993 step up

dﬂ'
converter YUENAINTELE 100 mA
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=== 0pen circuit
={i~100 mA

0.1 4

0 e e e o \.f'jttage{\f')

) d_ h » B £ s o « 1 -y a . ;:‘_ Y 1 - 1T B
E‘U‘Vl 5.8 ATMLAAIAIINANRUTTENINUTIAY Input. AUNIEUE input U992997 step up

: 2 e
converter URd¥ open circuit WAZYMNENAINTLUE 100 mA
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5.4 N1INATBUINIT switching voltage regulator Uz open circuit

nsvadaulngn13tinnes switching voltage regulator n@afiu power supply
nuulTuus input Tdiaawihduaaldainmsnegeuinaulrinszuansdunisiei 1

WAYIMTIAAINTZUE input WABLIIRY output Yausl open circuit

AR 5.4 UWARASIAY input ASYUA input WAYAILSITU output TBI9RS switching

voltage regulator 9z open circuit

Input Voltage(V) Input Current(A) Input Power(mw) Output Voltage(V)
37 0.024 88.8 3.07
a.7 0.025 L] DAL 4.01
6.0 0.018 108 5.01
0 0.014 98 5.03
8.0 0.013 104 5.04
9.0 0.011 23 5.04
10.0 0.011 110 5.0%
1107 0.010 117 5.05
123 | 0.009 114.3 5.05
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0.03, e EE ” s
0.025 i

0.015 -

s CUrrent(A)

0.01 4o

D.005 Aewcdl F o o g — —

3% 4.7 B 7 8 8 10 1.7 I

JUN 5.9 nsmiuamAEEIRUS YIS I input FUNSPUA input 1911995 switching

voltage regulator Y% open circuit

3.7 4.7 6 T 3 9 10 1.7 12.7

T B —— e U N
JUN 5.10 N3 muanImLEIUETENINUTIRY input Aulssduout

voltage regulator Uz open circuit

-

=g Qutput Voltage(V)

0 B e e —— T \\',-‘1 l |.!'1::7\'.:".l“.'",
>

put Y9195 switching
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5.5 N1INAFUINT switching voltage regulatorvadzfanszita 50 mA
imsvagaulaanisuneas switching voltage regulator u#afiU power supply
ntuUFunssy input IwuﬂmmﬂUﬂwwlmmnmsmmaauwmamw%ﬂivuamsﬂumiwm 1

LLa'Wi']ﬂ’ﬁ']ﬂﬂ’lﬂiﬁLLﬁ input LAZITIAY output "Ufll%?’lﬂ\‘iﬂ'i:ﬂ,m 50 mA

A1590 5.5 UAAYAILSIAY input NSEWE input WAEATLSIAY output Y899s switching

voltage regulator UUzARINTEUE 50 MA

Input Voltage(V)

Input Current(A)

Input Power(mw)

Output Voltage(V)

37

0.065

240.5

2.92

4.7 0.062 291.4 3.86
6.0 0.064 384 4.98
7.0 0.052 364 4.99
8.0 0.045 360 5.00
2.0 0.041 369 5.00
10.0 0.037 370 5.00
1.7 0.032 3744 5.01
12.7 0.030 381 5.01
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0.06 0\3”@\ o B
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. =&=—=Current(A)

0.03

0.02 : i N N AL - . W

0.01 -\ V= O il

O E 3 i T S o R e P, WO I SRR [~ \f{_}[tdgui\,’]

3.7 4.7 6 i 8 9 10 1 i 128

—- et Ll e y e e

JUN 511 namluanenamdninesenInalsedy input AUNSEUE input ¥841995 switching
oz

voltage regulator YUENGEINTEUA 50 MA

1
i

--o—-Outpth Voltage(V)

0 ¥ - e o Voltagolvi

3.7 4.7 B 7 8 g 10 AT 12.7

d B o V'U ‘ U- P i s » v Ql s - " ) S o ¥ .
JUN 5.12 nsmluamsmnuduiusseninausasu input AULSITY output ¥94993 switching

voltage regulator UEARINTZUE 50 MA




3.7

JUN 5.13 nymluanaaauduiussninaunsasiy input

4.7

1.7

AUNSEUE input U947335 switching

voltage regulator Ualg# open circuit WAz YMENRINTELE 50 mA

32

=== 0pen circuit
=fii—50 mA

Volbaeoly) !




33

5.6 NMINATDUTINNY 3 9995 (9995 switching voltage regulator , 29955011

STAULSIAU step up converter , a933microcontroller ) yauzilailauda

-
LURALRD S

MM IAEUlAenIsUTNeT switching voltage regulator WAENASSAMNTERULTIFY

step up converter &miuiinaulwinszuanss wneeiu power supply winluseEnfiu
2993 microcontroller MmifuUiuusesu input WidwiRUATldannsmaaeURaalih
nsvuansdlumsned 1 udvihmsiadinsgua input snizAildlivsanunneiuaziinisane
wseiu 10 Taadluft chk_bat LﬁaLﬂumsﬁwamfmmmLma%f'agj‘[,uaﬂnxw%'awﬁ%

A5197 5.6 UARNAMIIAL input LasAINSEIA input wuulnAln backlisht vausiilildunda

LLUF’]LW@%‘I
Input Voltage(V) Input Current(mA) Input Power(mw) Input  Current  +
backlight(mA)

3.7 40.5 149.85 a5.2

4.7 40.1 188.47 51.7

6.0 30.8 184.8 63.1

7.0 266 186.2 523

8.0 24.5 196 46.2

9.0 23.6 2124 42.0

10.0 et 215 38.8

1.7 20.7 24219 35.1

127 203 257.81 33.6
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5.7 N1INAABIIIABINITVNILYBY code NIFlU microcontroller TulUswnsa

proteus
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UNN 6

d3Unan1INnaag

6.1 d3UNAN1MARB4N1591804 code TulUsunsu proteus
INNTMPEITIARIMTINILYEY  code TWlu  microcontroller  Tulusunsy
proteus anunsaagUldinilonssiurssinauiirniiosndt 3v(1.25v evins divider) azvin
Tivi1ae LCD uanamadn FAN ER waz output Wi low 0.3 Funt 9nnthnunduludadl
{TBUs9UE9995 step up converteriidntoandn 17V(4.25V leviins divider) wiesien
wnnd 19V(4.75v idfaviins divider) asvildniie LCD wamamadn BOOST ER uay
output 10U low 0.3 Junit udnunduldaalmidioussuresnunneisidniosnit sv(2v
Weviins divider) awvildviee LCD wandnain LOW BAT way output Iy low 0.3
it mivunduldaelmbilousssuues battery fimaglurae aviev devins
divider) fla 14V(3.5V 1iovins divider) asildviiee (CD Wamssadn CHARGING uay
output ¥y high 1 Fundt udufiu low 0.3 Sl Pnthvunduludamlmiiioussiuves
wuRRBITIAMNNATY 14Y(3.5V tilavinnns divider) asyidlyimingn LCD uamnail FULL BAT

waz output WU low 0.3 Suninntuiunduluidailng

6.2 @sUnanisvnassnnauliiinssuanse
NKANISNAADIL LRI TN 5.1 annsaasulan  Weaulndhnszuansasiothlusuas
INTOVUANNAIYAININETIRUTY 98 lranausamuitlasie iy unimdunsiidun s

(unseiiiewnsanusa 30— 110 km/hr)

6.3 HIUNANITNAABINITINYISTAULSIAU step up converter
nnuanmmeaedluidefl 5.1 - 5.3 aunsaaguledn 1wasSnunssauuseiu step up
converter azimitnuliiodimmdsinihnBunnyszana 50mwW vl open dircuit uag

Uzl 2200mW e iinenssua 100mA

6.4 d3UNaN1INAABY2995 switching voltage regulator

nneammeassluinten 51 , 54 wag 55 awnsaagUlaan 2993 switching

'
A o as

voltage regulator azRwvidlelimaslwindunmlssuas 105mw auzfl open

circuit LazUszann 370mW UETRRNNSEULE 50mA



40

6.5 d3UNANT1INARBITINNY 3 2435 (2937 switching voltage regulator , 2995
SNEITZAULTIAY step up converter , 2933microcontroller ) wmzAlild

MAUARDS

Mnuansaaasluiaail 51 uag 5.6 aunsnagdld st 3 1995 (9
switching voltage regulator , 2933NWITTAULSIAU step up converter |, A9
microcontroller ) awnsavhnuldilefiaidslwiidunmdszina 188mw Falerly
Wiuisuiuamalwiildnieauudhounun desiusasuddisanmia 30km/hr 59

VL9959 3 vinaulel

6.6 dyUnan1MAnaslABNITIAINTLAIINATST 5.1, 5.2 . 5.4 UaY 5.6 1
WIsuigunu

IAINTEUAIINAITI 5.1, 5.2 5.4 LAy 5.6 mL‘LJ'%‘EJUL‘ﬁauﬁ’uLﬁa@’jwﬁaﬂﬁmauﬁ
Jshenrndivilsinsiiliasimmariaild Angldnseuasasivauuy open circuit
) Tnvanusnagulddmeasenihanddluamag eror A 30 - 40 km/hr wa

vianleluanmg charging finawisa 50 ken/hr Wuduly

M13199 6.1 WARALUSHULTIHUNSZUAYBII99T VLA

Velocity(km/hr) | Voltage(V) M9 5.1 | 81597 5.2 | anseii 5. P59 5.6

Fan Step ~ Up | Switching 32UV 3
Current(mA) | Converter Voltage W7 Input
Input Regulator Current(mA)

Current(mA) | Input

Current(mA)
30 37 61.7 11s 24 " | 405
40 4.7 78.3 1108 25 40.1
50 6 100 9.5 18 30.8
60 7 116.7 9.2 14 26.6
70 8 1333 9.1 13 24.5
80 9 150 8.9 11 23.6
90 10 166.7 8.7 1 215
100 .y 195 8.5 10 20.7

110 127 L 8.4 9 2.5
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TIN] gt o E fS
200 ;
== Fan Current(mA)
150 H
~fii—Step Up Converter Input
Current(mA)
100 ~Switching Voltage Regulator |
Input Current{mA)
<3¢ 39117139083 Input Current(mA) ,
50 - {
\AGD" Y |
I e | |
0 - RNy VooltageiV) !
ai7 4.7 6 i 8 9 10 1.7 12.7 :
JUN 6.1 N9 MLARIATsENTIUS IR input AUNTELA Input YBYINTIIVLA

|0 N\ D "

~===Fan Current(mA)

150
=i~ Step Up Converter Input
Current{mA)
100 - «Switching Voltage Regulator
Input Current(mA)
e 5033803 39095 [NPUL CUrrent(mA)
50 |
0 Velocitytkie )
30 40 50 60 70 80 90 100 110

y . . o — T
JUN 6.2 N51MUARIASEWINAIIIEINUNSYILE input YD93995VIMLA
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U3IUIUNTU
M uENNSETUTs (2554) : “Advance PIC Microcontroller in C nsuszgnAlYy
97U PIC Fugesisniw C7 : ddinfudamnsmiasuds
wengiy assanany , wiernnsal Jauuenin (2554) : “syuudaustauuanefe
wiauInwmesludidania” - Usyanimnssumanstadinanviivianssy
a @ =Y 3
awdnysating
John Therampilly (2012) : “Energy Harvesting From multiple Sources For

Battery Charging” : Bachelor Degree of Electrical Engineering



43

A

e 335

v - -, S St
[1T] LT

I.' l

)

3>

I
/s

dy I dl Y o U 14 ﬁl = 1 gj 1 Y o ¥ € Y ¥
wnanstluenasianulidmsunisldnuienisfinwivintu ldeygnlriluldusslevisunisen

ludnsallagvsau Snvivhudilvidauwdasilon uavdesgdadadivedenarsynasaninisinluly




MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

* PIC16F876A
« PIC16F8B77A

+ PIC16F873A
* PIC16F874A

High-Performance RISC CPU:

+ Only 35 single-word instructions to learn
+ 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 Memary,
Up to 368 x 8 bytes of Data Memory (RAM),
Up lo 256 x 8 bytes of EEPROM Data Memory

* Pinout compatible to other 28-pin or 40/44-pin
PIC16CXXX and PIC16FXXX microcontrollers

Peripheral Features:

« Timer0: 8-bit timer/counter with 8-bit prescaler

+ Timer1: 16-bit timer/counter with prescaler,
can be incremented during Sleep via exlernal
crystal/clock

« Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

« Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

« Synchronous Serial Port (SSP) with SPI™
(Master mode) and 1°C™ (Master/Slave)

* Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

* Parallel Slave Port (PSP) - 8 bits wide with
external RD, WR and CS controls (40/44-pin only)

* Brown-out detection circuitry for
Brown-out Reset (BOR)

Analog Features:

10-bit, up to 8-channel Analog-to-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 erase/write cycle Enhanced Flash
program memory typical

1,000,000 erase/write cycle Data EEPROM
memory typical

Data EEPROM Retention > 40 years
Self-reprogrammable under software control
In-Circuit Serial Programming™ (ICSP™)

via two pins

Single-supply 5V In-Circuit Serial Programming
Watchdog Timer (WDT) with its 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

CMOS Technology:

Low-power, high-speed Flash/EEPROM
technology

Fully static design

Wide operating voltage range (2.0V to 5.5V)
Commercial and Industrial temperature ranges

o « Low-power consumption
Program Memory Data MSSP
; EEPROM 10-bit CCP Timers
D . RAM
evice s # Single Word SB : (Bytes) 110 AID (ch) | (PWM) " Master USART 8/16-bit Comparators

instructions | (Bytes) 1%c
PIC16F873A | 7.2K 4096 192 128 22 5 2 Yes| Yes Yes 21 2
PIC16F874A | 7.2K 4096 192 128 33 8 2 Yes| Yes Yes 21 2
PIC16F876A | 14.3K 8192 368 256 22 5 2 Yes| Yes Yes 21 2
PIC16F877A | 14.3K 8192 368 256 33 8 2 Yes| Yes Yes a1 2

© 2003 Microchip Technology Inc.

DS39582B-page 1



PIC16F87XA

Pin Diagrams (Continued)

NC

]

5[] =—= RAZ/AN2/VREF-/CVREF

4[] =—= RA1/AN1

3 [] =— RAQ/ANO

2] =— MCLR/VPP
NC

67 = RA3/AN3/VREF+
1

44 [ =— RB7/PGD
43[] =—— RB&/PGC

42[] -— RBS
410 ~— RB4

==
=
o
40
WL W W W
N d N @O

PIC16F874A
PIC16FB77A

WwwLw
= R

P aEB®
19
21
22
23
24
25
26
27
28
n
@0

NC
NC
RB4 ==

RBS —-—w
RB6/PGC =-—

RB7/PGD =—»
MCLR/NVPP ——

T
o
L<8F
S-Q2
LI5S
rcyZ
L <
32
=
Scr:
o

4
21
22

40-Pin PDIP
MCLRVPP — [ 1 o 40 [] ~— RB7/PGD
RAD/ANO -— [] 2 39 [] —— RBB/PGC
RAT/ANT =—[] 3 38 [J =— RB5
RA/ANZ2/NVREF-ICVAEF =—e [] 4 37 [] =—= RB4
RAZ/ANIVREF + == [] 5 36 [] =—= RBB3/PGM
RAATOCKICIOUT «—= ] 6 35 [] =—= RB2
RAS5/AN4/SS/C20UT ~—[] 7 g 34 [] =— RB1
REQ/RD/ANS —=[] & I~ 33 [J =—= RBO/INT
RE1/WR/ANG ~—=[] 9 020 32 [0 «— Voo
RE2/CS/IANT =— [] 10 < 31 [] =—— Vss
VoD — [ 11 %5 300 =— RD7/PSP7
vss w12 & 29[]-=—= RD6/PSPS
OSC1/CLKI — [ 13 — 28 [] == RD5/PSP5
OSC2/CLKO «——[] 14 g 27 [J =—+~ RD4/PSP4
RCO/T10SO/TICKI - [] 15 26 [] =— RC7/RX/DT
RC1/T1OSICCP2 — ] 16 25 [] =— RCB/TX/CK
RC2/CCP1 =—s[] 17 24 [] =— RC5/SDO
RC3/SCK/SCL =—=[] 18 23 [] =— RC4/SDISDA
RDO/PSPO =[] 19 22 [] =— RD3/PSP3
RD1/PSP1 =—= [] 20 21 [] =——= RD2/PSP2
44-Pin PLCC
RA4/TOCKICI10UT e u ]
RAS/AN4/SSIC20UT L. [
REO/RD/ANS =— []
RE1/WR/ANE ~— []
RE2/CSIANT =— []
VoD e [
vss —- (]
QSCHCLKI — []
0SC2/CLKO =—— []
RCOM1OSO/TICKT1 =— (]
NC O
o
S
< 33 B¢
OQoZnaaaxag
xOounwnwnoOo -
SRR e
CHITOAU-S O~
CO000D0A0OLO
CErCcorococococooc oz
apintare PR TP
TON~ OO~ W
O g g Fommmmnm
RC7/RX/DT =— 1 331 NC
RD4/PSP4 —=—(I1] 2 321 =—= RCO/T10SO/T1CKI
RD5/PSP5 =+ 1103 31— QOSC2/CLKO
RD&/PSPE =~ 1 4 3013 =—— OSC1/CLKI
RD7/PSP7 =115 PIC16F874A 29T =—— Vss
Vvss —= s 2813 =—— Vob _
Voo —= I 7 PIC16F877A 2710 ~—= RE2/CS/ANT
RBO/INT =1L 8 26T =—= RE1/WR/ANG
RB1 =—=CI9 25T =—= REO/RD/ANS
AB2 =—=(CIIl10 24010 =—= RAS/AN4/SS/C20UT
RBIPGM =—= I 11 Gveosanyg 2310 =—= RA4/TOCKI/C10UT

20

3

RC1/T10SI/CCP2 =—
RC2/CCP1 —=—
RC3/SCK/SCL =+
RDO/PSPO =—=
RD1/PSP1 =~
RD2/PSP2 =—=
RD3/PSP3 =—
RC4/SDI/SDA -—
RC5/SDO =
RC6/TX/ICK =—n
NC

RB3/PGM
RB2

RB1
RBO/NT
Voo

Vss
RD7/PSP7
RD6/PSP6
RDS/PSPS
RD4/PSP4
RC7/BX/DT

@ 2003 Microchip Technology Inc.
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:
« PIC16F873A
+ PIC16F874A
* PIC16F876A
» PIC16F877A
PIC16F873A/876A 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 common architecture with
the following differences:
* The PIC16F873A and PIC16F874A have one-half
of the total on-chip memory of the PIC16F876A
and PIC16FB77A
+ The 28-pin devices have three /O ports, while the
40/44-pin devices have five
« The 28-pin devices have fourteen interrupts, 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 implemented only on
the 40/44-pin devices

The available features are summarized in Table 1-1.
Block diagrams of the PIC16F873A/876A and
PIC16F874A/877A devices are provided in Figure 1-1
and Figure 1-2, respectively. The pinouts for these
device families are listed in Table 1-2 and Table 1-3.

Additional information may be found in the PICmicro®
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip web site. The
Reference Manual should be considered a complemen-
tary document to this data sheet and is highly recom-
mended reading for a better understanding of the device

architecture and operation of the peripheral modules.

TABLE 1-1: PIC16F87XA DEVICE FEATURES
Key Features PIC16F873A PIC16F874A PIC16F876A PIC16F877A
Operating Frequency DC - 20 MHz DC — 20 MHz DC - 20 MHz DC - 20 MHz
Resets (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Flash Program Memory 4K 4K 8K 8K
(14-bit words)
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 14 4.5 14 15
/O Ports Ports A, B, C Ports A, B, C, D, E Ports A, B, C Ports A,B,C,D, E
Timers %) 3 3 3
Capture/Compare/PWM modules 2 2 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications — 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 S%t 35 Instructions 35 Instructions 35 Instructions 35 Instructions
Packages 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 44-pin QFN 28-pin QFN 44-pin QFN

© 2003 Microchip Technology Inc.
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PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION
: PDIP,SOIC QFN 1/o/p Buffer g 2
! ? D t
Bl Mame SSOP Pin# | Pin# | Type Type escription
OSC1/CLKI 9 6 sT/ICMOS® | Oscillator crystal or external clock input.
0SCiH | Oscillator crystal input or external clock source input. ST
buffer when configured in RC mode; otherwise CMOS.
CLKI | External clock source input. Always associated with pin
function OSC1 (see OSC1/CLKI, OSC2/CLKO pins).
0OSC2/CLKO 10 7 — Oscillator crystal or clock output
oscz o} Oscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
CLKO @] In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
MCLR/Vep 1 26 ST Master Clear (input) or programming voltage (output).
MCLR I Master Clear (Reset) input. This pin is an active low Reset
to the device.
Vep P Programming voltage input.
PORTA is a bidirectional I/O port.
RAOQ/ANO 2 27 TTL
RAO 110 Digital 11O,
ANO | Analog input Q.
RA1/AN1 <] 28 TPhg
RA1 te] Digital /0.
AN1 | Analog input 1.
RA2/AN2/VREF-/ 4 1 T
CVREF 110 Digital I/0.
RA2 | Analog input 2,
AN2 | A/D reterence voltage (Low) input.
VAEF- 0 Comparator VREF output.
CVREF
RA3/AN3/VREF+ a 2 141 8
RA3 l{e] Digital /0.
AN3 | Analog input 3.
VREF+ | A/D reference voltage (High) input.
RA4/TOCKI/C10UT 6 3 ST
RA4 110 Digital I/O — Open-drain when configured as output.
TOCKI I Timer0 external clock input.
C1ouT @] Comparator 1 output.
RAS/AN4/SS/C20UT K 4 TTL
RAS f{e] Digital I/O.
AN4 | Analog input 4.
S8 | SP1 slave select input.
C20uUT (0] Comparator 2 output.
Legend: | =input O = output I/0 = input/output P = power
— =Notused TTL = TTL input ST = Schmitt Trigger input
Note 1:  This buffer is a Schmitt Trigger input when configured as the external interrupt.

2:  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 a CMOS input otherwise.

DS39582B-page 8
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PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION (CONTINUED)
PDIP,SOIC QFN 1/0/P Buffer i
i ¢ ! Descriptio
Pl hame SSOP Pin# | Pin# | Type Type SPEmpaon
PORTB is a bidirectional I/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INT 21 18 TTUSTM
RBO 110 Digital /0.
INT | External interrupt.
RB1 22 19 110 TTL Digital 1/0.
RB2 23 20 110 TTL Digital /0.
RB3/PGM 24 21 TTL
RB3 Iie] Digital I/0.
PGM I Low-voltage (single-supply) ICSP programming enable pin.
RB4 25 22 110 TTL Digital I/O.
RB5 26 28 [{®] TTL Digital I/O.
RB6/PGC 27 24 TTLUST®
RB6 1O Digital 1/0,
PGC | In-circuit debugger and ICSP programming clock.
RB7/PGD 28 25 TTUSTR!
RB7 1o Digital 1/0.
PGD 110 In-circuit debugger and ICSP programming data.
PORTC is a bidirectional /O port.
RCO/T10SO/T1CKI 11 8 X
RCO l{e] Digital I/O.
T10S0 0 Timer1 oscillator output.
T1CKI | Timer1 external clock input.
RC1/T10Sl/CCP2 12 9 ST
RC1 e} Digital /0.
T108S! | Timer1 oscillator input.
ccpP2 1{e] Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 13 10 ST
RC2 11O Digital 1/0.
CCP1 110 Capture1 input, Compare1 output, PWM1 output.
RC3/SCK/SCL 14 91 ST
RC3 11O Digital 1/O.
SCK 110 Synchronous serial clock input/output for SPI mode.
SCL 110 Synchronous serial clock input/output for [°C mode.
RC4/SDI/SDA 15 12 ST
RC4 1O Digital I/0.
SDI | SPI data in.
SDA IVo G data I/0.
RC5/SDO 16 13 ST
RCS 110 Digital I/O.
SDO 6] SPI data out.
RC6/TX/CK 17 14 e
RC8 1o Digital /0.
iR O USART asynchronous transmit.
CK fie] USART1 synchronous clock.
RC7/RX/DT 18 15 ST
RC7 110 Digital I/0.
RX I USART asynchronous receive.
DT le] USART synchronous data.
Vss 8,19 56 P — Ground reference for logic and I/O pins.
VDD 20 17 P — Positive supply for logic and I/O pins.
Legend: | =input O = output 1O = input/output P = power
— =Notused TTL =TTL input ST = Schmitt Trigger input
Note 1: This bufferis a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This bufferis a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

© 2003 Microchip Technology Inc.
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION

; PDIP | PLCC | TQFP | QFN 1/0/P Buffer _—
Pin Name Pin# Pin# Pin# Pin# Type Type Gaperption
OSC1/CLKI 13 14 30 32 sT/cmOsi) | Oscillator crystal or external clock input.
0SCA1 | Oscillator crystal input or external clock source
input. ST buffer when configured in RC mode;
otherwise CMOS.
CLKI External clock source input. Always associated
with pin function OSC1 (see OSC1/CLKI,
OSC2/CLKO pins).
0OSC2/CLKO 14 15 31 33 — Oscillator crystal or clock output.
0scz2 (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 frequency of OSC1 and denotes the
| instruction cycle rate.
MCLR/VPP 1 2 18 18 7] Master Clear (input) or programming voltage (output).
MCLR | Master Clear (Reset) input. This pin is an active
low Reset to the device.
Vpp P Programming voltage input.
PORTA is a bidirectional I/O port.
RAQ/ANO 2 3 19 1.8 fuRk
RAO 110 Digital 1/0.
ANO l Analog input 0.
RAT/ANA 3 4 20 20 EHE
RA1 110 Digital I/0.
AN1 | Analog input 1.
RA2/AN2/VREF-/CVREF| 4 5 21 21 TTL
RA2 1] Digital I/O.
AN2 | Analog input 2.
VREF- | A/D reference voltage (Low) input.
CVREF 0 Comparator VREF output.
RA3/ANB/VREF+ 5 6 22 22 TTL
RA3 110 Digital /0.
AN3 | Analog input 3.
VREF+ | A/D reference voltage (High) input.
RA4/TOCKI/C10OUT 6 7 23 23 ST
RA4 e Digital I/0 — Open-drain when configured as
output.
TOCKI 1 Timer0 external clock input.
ciouT (0] Comparator 1 output.
RAS/AN4/SS/C20UT 7 8 24 24 TR
RAS o] Digital /0.
AN4 | Analog input 4.
SS | SPI slave select input.
ca20uT (8] Comparator 2 output.
Legend: | =input O = output I/O = input/output P = power

— =Notused TTL=TTL input
Note 1: This bufferis a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3:  This bulfer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

ST = Schmitt Trigger input

DS39582B-page 10
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
Pin Name PDIP | PLCC | TQFP| QFN | I/O/P Buffer Descriotion
! Pin# | Pin# | Pin# | Pin# | Type Type B
PORTB is a bidirectional I/O port. PORTB can be
software programmed for internal weak pull-up on all
inputs.
RBO/INT 33 36 8 9 TTLSTM
RBO 110 Digital /0.
INT | External interrupt.
RB81 34 37 9 10 e} TTL Digital I/0.
RB2 35 38 10 11 Hel TTL Digital I/0.
RB3/PGM 36 39 1 12 TTL
RB3 11O Digital I/0.
PGM I Low-voltage ICSP programming enable pin.
RB4 37 41 14 14 /0 AL, Digital I/0.
RBS 38 42 15 15 1/0 TTL Digital I/O.
RB6/PGC 39 43 16 16 TTUST®
RB6 110 Digital 1/0.
PGC | In-circuit debugger and ICSP programming clock.
RB7/PGD 40 44 17 17 TTUYSTR)
RB7 (o] Digital 1/0.
PGD l{®] In-circuit debugger and ICSP programming data.
Legend: | =input O = output /0 = input/output P = power
— = Notused  TTL = TTL input ST = Schmitt Trigger input
Note 1: This bufferis a Schmitt Trigger input when configured as the external interrupt.

2: 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 a CMOS input otherwise

© 2003 Microchip Technology Inc.
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

Pin N PDIP | PLCC | TQFP | QFN I/o/P Buffer Descrinticn
1t Rame Pin# | Pin# | Pin# | Pin# | Type Type P
PORTC is a bidirectional /O port.

RCO/T10OSO/T1CKI kS 16 32 34 ST

RCO 110 Digital I/0.

T1050 (@] Timer1 oscillator output.

T1CKI | Timer1 external clock input.
RC1/T10SI/CCP2 16 18 35 35 ST

RC1 110 Digital 1/0.

T10S! | Timer1 oscillator input.

CCP2 110 Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 T 19 36 36 Sl

RC2 110 Digital I/O.

CCP1 1/0 Capture 1 input, Compare1 output, PWM1 output.
RC3/SCK/SCL 18 20 37 37 $7]

RC3 1/0 Digital I/0.

SCK 110 Synchronous serial clock input/output for SPI

mode.
SCL 110 Synchronous serial clock input/output for 1’c
mode.

RC4/SDI/SDA 23 25 42 42 ST

RC4 110 Digital 1/0.

SDI | SPI data in.

SDA 110 I°C data /0.
RC5/SDO 24 26 43 43 ST

RC5 110 Digital I/0.

SDO (0] SPI data out
RCB/TX/CK 25 27 44 44 ST

RC6 110 Digital 1/O.

TX 0 USART asynchronous transmit.

CK 110 USART 1 synchronous clock.
RC7/RX/DT 26 29 1 1 ST

RC7 e} Digital 1/0.

RX | USART asynchronous receive.

DT 110 USART synchronous data.
Legend: | =input O = output /0 = input/output P = power

— = Not used TTL = TTL input ST = Schmitt Trigger input
Note 1: This bufferis a Schmitt Trigger inpul when configured as the external interrupt.
2:  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 a CMOS input otherwise.

DS39582B-page 12 ©® 2003 Microchip Technology Inc.



PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
PDIP | PLCC | TQFP | QFN 1/1O/P Buffer i
i D
pin Reie Pin# | Pin# | Pin# | Piné | Type Type BsChplion
PORTD is a bidirectional I/O port or Parallel Slave
Port when interfacing to a microprocessor bus.
|RDO/PSPO 19 21 38 38 sTTTL®
RDO /0 Digital 1/O.
PSPO 110 Parallel Slave Port data.
RD1/PSP1 20 22 39 39 ST/TTLE
RD1 lie] Digital 1/O.
PSP1 110 Parallel Slave Port data.
RD2/PSP2 21 23 40 40 ST/TTLR
RD2 {®] Digital 1/O.
PSP2 11O Parallel Slave Port data.
RD3/PSP3 22 24 41 41 ST/TLE
RD3 /O Digital 1/O.
PSP3 110 Parallel Slave Port data.
RD4/PSP4 27 30 2 2 STATLE
RD4 110 Digital I/O.
PSP4 110 Parallel Slave Port data.
RD5/PSP5 28 31 3 3 ST/TTLA)
RD5 110 Digital 1/O.
PSP5 110 Parallel Slave Port data.
RD6/PSPG 29 32 4 4 sTrTL®
RD6 /0 Digital I/O.
PSP6 11O Parallel Slave Port data.
RD7/PSP7 30 33 5 5 STTTLR
RD7 I{e] Digital I/0.
PSP7 110 Parallel Slave Port data
PORTE is a bidirectional I/O port.
REO/RD/ANS 8 9 25 25 ST/TTLR)
REO I} Digital 110
RD | Read control for Parallel Slave Port
ANS | Analog input 5
RE1/WR/AN6 9 10 26 26 STTTLS
RE1 110 Digital 1/0.
WR | Write contral for Parallel Slave Port.
ANB | Analog input 6
RE2/CS/ANT 10 11 27 27 sTTTL®
E?_’ 11O Digital 1/0
CS | Chip select control for Parallel Slave Port.
AN7 | Analog input 7.
Vss 12, 3T R 3%84 | 6, 289 |ab,.30, P — Ground reference for logic and 1/O pins.
31
Vbo 11,32 | 12, 35 [ 25 Z. 8, P o Positive supply for logic and I/O pins.
28, 29
NC — 107 [12:13; 13 — — These pins are not internally connected. These pins
28,40 33, 34 should be left unconnected.
Legend: | =input O = output IO = input/output P = power
— = Notused TTL=TTL input ST = Schmitt Trigger input
Note 1: This bufferis a Schmitt Trigger input when configured as the external interrupt.

2:  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 a CMQS input otherwise.
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> Bay Linear
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.} Inspire the Linear Power

3.0A Step Down Switching voltage Regulator

Adjustable & Fix Qutput

The Bay Linear LM2576 coniains fixed and adjustable
switching voltage regulators that require a minimum of
external components. All circuitry necessary to build a
buck-switching regulator is included.

The LM2576 is available in 3.3V; 53V, 12V & 15V fixed
voltages, or an adjustable version with an output voltage
range from 1.23V to 37V. The guaranteed accuracy for
specified input and load conditions is £4%.

The LM2576 can supply 3A with an excellent load and
line regulation.  Protection such as cycle-by-cycle
current limiting or thermal shutdown has been designed.
In standby mode, the current consumption has been
minimized (200pA).

For 1A step-down switching regulators refer to B2575
data sheets

e Guaranteed 3A Output Current

¢ High Efficiency

e Wide Input Voltage, up to 40V

e  33V,5V,12V, 15V and Adjustable Output
Versions

o Thermal Shutdown and Current Limit
Protection

¢ Requires only 4 External Components

¢  Low Power Standby Mode < 200pA Typical

¢ Shutdown Capability (Standby Mode)

¢ 52kHz Fixed Frequency Internal Oscillator

e Uses Standard Inductors

»  Pin-to-Pin Compatible with LM2576

LA

[

¢ [Efficient Pre-Regulator for Linear Regulators
e  On-card Switching Regulators

e  Positive to Negative Converter (Buck-Boost)
¢ Simple High-efficiency Step-down (Buck)

e  Portable Instruments

Pin Connection

TO-263-5 Package T0-220-5 Package

BAY
B2576 i
B2576
{12345 EERE
DY, bV,
3 Yy i
3) GND 3) GND
4) FB 4 kB
5) ON/OFF 5) ON/OFF
Top View Top View

Ordering Information

Devices Package Temp.
LM2576T-X TO-220 -40 °Cto 125 °C
LM2576S-X TO-263 -40°Cto 125 °C
LM2576]-X LPDD -40°C to 125 °C

X= Qutput Voltage (X=3.3V, 5.0V, 12V, |5V or Blank for Adjustable)
Consult factory for other fixed voltages.

Bay Linear, Inc 2418 Armstrong Street, Livermore, CA 94550 Tel: (925) 606-5950, Fax: (925) 940-9556

www.baylinear.com



Absolute Maximum Rating
Parameter

Maximum Input Voltage Vin 45 V
Power Dissipation Po Internally Limited W
Off Pin Input Voltage -0.3V<VaVy
Output Voltage -1 v
Supply Voltage 40 N4
Operating Junction
Tcmpcrénure Illzéngg v
ontrol Section _ -

Power Transistor ndQSTi<85 °c
Storage Temperature Range Tsrg -65to 150
IS,;_SC)I Temperature (Soldering 10 ;. 260

ELECTRICAL CHARACTERISTICS T, =25°C V=12V, ILoap= 100mA unless otherwise specified.
Boldface type applies aver full Operating Temperature Range.

Parameter ‘ Conditions LM2576

Min

Adjustable Regulators (Note 3)iNote 8)

Vin =12V, lioap = 0.5A, Voyp = 5V 1.230 1.2 1.243 v
Output Voltage (\pug) 0.5A < lioap € 3A, 6VS Vi 40V, Vour 1.230 1.193 1.267 B

SV 1.230 1.180 1.280
Efficiency (Note 7) Vin = 12V, Iroap = 3A, Vour = 5V 82 %
3.3V Version (Note 3t Note V)

Vi =12V, [ 0ap = 0.5A, Vour = 3.3V 33 3.234 3.366 A%
Output Voltage (Vayr) 0.5A <ligan < 3A, 6V < Vg <40V, 33 3.168 3.432

Vour =3.3V 33 3.135 3.465 .
Efficiency Vin= 12V, lioap = 3A 75
SV Yersion (Note 3)Note 9)

Vin = 12V, [oap = 0.5A, Voyr = 5V 50 4.900 5.100 v
Output Voltage (Vaur) 0.5A <Tioap < 3A, 8V £ Vi< 40V, 5.0 4.800 5.200

Vour = 5V 5.0 4,750 5.250 2
Efficiency (Note 7) Vin= 12V, [ioap = 3A, Vour = 5V 82 %
12V Version (Note 3 Note 9)

Vv =25V, lroap = 0.5A, Vour = 12V 12 11.760 12.240 v
Output Voltage (Vour) 0.5A S IoapS3A, 15V <V €40V, 12 11.520 12.480

Vour = 12V 12 11.400 12.600 ¥
Efficiency (Note 7) Vin=25V, [Loan = 3A 88 %
15V Version! Note 3 Now v)

i Vi =30V, lioap = 0.5A, Vour = 15V 15 14.700 15.300 v

Output Voltage (Vour) 0.5A < lioap < 3A, 18V < Vg <40V, 15 14.400 15.600 v

Vour = 15V 15 14.250 15.750
Efficiency (Note 7) Vin =30V, [Loap = 3A 88 Yo

Bay Linear, Inc 2418 Armstrong Street, Livermore, CA 94550 Tel: (925) 606-5950, Fax: (925) 940-9556 www baylinear.com



L.M2576

ELECTRICAL CHARACTERISTICS = T, =25°C V=12V, lLoap= 100mA unless otherwise specified.
Boldface type applies over full Operating Temperature Range.

LM2576

Parameters Conditions Min

Adjustable Regulator
" o 100
Feedback Bias Current Vour =5V 50 500 nA
Fixed and Adjustable Regulators
Oscillator Fre / 52 47 58 kHz

scilla requency i 4 63 4
Saturation Voltage lour = 0.5A, (Note 4) 1.4 ig v
Max Duty Cycle (Note 5) 98 93 %
Current Limit Peak Current, toy< 3ps, (Note 4) 5.8 ;g '613 A

N Vi, (Note 6), Output = 0V 2
Output Leakage Current @ote 6.). Output = -1V 75 30 mA
Quiescent Current (Note 6) 5 10 mA
Standby Quiescent Current ON/OFF Pin = 5V (OFF) 50 200 pA
T,U package, Junction to Ambient, 65
Thermal Resistance (Note 7) 2 °CIwW
T.U package, Junction to case
ON/OLEF Control, Fixed & Adjustable Regulators (Note 8 ( Nowe9)
2

OFF Input Level Vour =0V 14 g; v
ON Input Level Vour = 15V or 5V 1.2 (])g Vv
OFF Logic Current ON/OFF Pin = 5V (OFF) 4 30 pA
ON Logic Current ON/OFF Pin = 0V (ON) 0.01 10 LA

Note I: Absolute Maxium Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate test conditions for which the device s
intended to be functional, but do not guarantee speeific performance limits. For quaranteed specifications and test conditions see the Electrical Characteristics.
Note 2: All limits guaranteed 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 guaranteed via testing.

Note 3: External components such as the diode, inductor and capacitor can affect the system performance.

Note 4: Output (pin 2) sourcing current. No diode, inductor, or capacitor connected to input

Note 5: Feedback (pin 4) removed from output and connected to 0V,

Note 6: Feedback (pin 4) removed from output and connected to 12V to force the output transistor OFF.

Note 7: Junction to ambient thermal resistance with approximately | square inches of PC board cooper surrounding the leads,

Note 8: Test circuit refers to figure 2

Note 9: Test circuit refers to figure 3.

Yin
UNREGULATED INTERNAL
DC INPUT _Il REGULATOR
Cin
L FIXED GAIN

ERROR AMP

COMPARATOR

1.23Vv
BAND-GAP 52 kHI RESET
REFERENCE | |OSCILLATOR SHUTDOWN

THERMAL CURRENT
LIMIT

Iol
[=3
=
=
oO»Or

Bay Linear, Inc 2418 Armstrong Street, Livermore, CA 94550 Tel: (925) 606-5950, Fax: (925) 940-9556 www baylinear.com



L.M2576

Fixed Output Voltage Versions
' FEEDBACK
4

LM2576HV-
FIXED QUTPUT | output

|

VIN
UNREGULATED
DC INPUT

|

ouTt

— O > O

Ciy — 100 pF, 78V, Aluminum Electrolytic
Cout —— 1000 pF, 25V, Aluminum Electrolytic
D¢ - Schottky, MBR360

Ly — 100 pH, Pulse Eng. PE-92108

R+ — 2k 0.1%

Adjustable Output Voltage Version

FEEDBACK
LM2576HV- |* v
ouT
T ADJ OUTPUT 5.00V
7V - 6OV !
UNREGULATED * Cour rR2 | L
DC INPUT 1000 wF 0
MBR360 . A
l L
|

Rz
Vour = Veer | 1 + R

V
Re - Ay (%_1)
REF

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

Bay Linear, Inc 2418 Armstrong Street, Livermore, CA 94550 Tel: (925) 606-3950, Fax: (925) 940-9556 www.baylinear.com




National

LM1577/LM2577 Series

General Description

The LM1577/LM2577 are monolithic integrated circuits that
provide all of the power and conlrol functions for slep-up
(boost), flyback, and forward converter switching regulators
The device is available in three different output voltage ver-
sions: 12V, 15V, and adjuslable.

Requiring a minimum number of external components, these
regulators are cost effective, and simple to use. Listed in this
data sheet are a family of standard inductors and flyback
transformers designed to work with these swilching regula-
lors.

Included on the chip is a 3.0A NPN switch and its associated
proleclion circuitry, consisting of current and thermal limiting,
and undervoltage lockout. Other features include a 52 kHz
fixed-frequency oscillator that requires no external compo-
nents, a soft start mode 1o reduce in-rush current during
slart-up, and current mode control for improved rejection of
inpul voltage and oulput load transients.

Semiconductor

SIMPLE SWITCHER® Step-Up Voltage Regulator

J

June 1999

Features

= Requires few external components

= NPN outpul switches 3.0A, can stand off 65V

= Wide inpul voltage range: 3 5V to 40V

® Currenl-mode operation for improved transient
response, line regulation, and current limit

® 52 kHz internal oscillator
= Soft-start function reduces in-rush current during start-up
® Output switch protected by current limit, under-voltage

lockoul, and thermal shutdown

Typical Applications
= Simple boost regulator

= Flyback and forward regulators
= Multiple-output regulator

Typical Application

4 comMp

| LM2577-ADJ
2.2k
3| GND
0.33 pufF

ii

PN
INSB21
5V "UUT'OG ’“i_H 12V@= 800 ma
INPUT REGULATED QUTPUT
0% ur Your = 1.23v {1 + R1/R2)
& I 51 Vi 4| switcH

D5011468-1
Note: Pin numbers shown are for T0-220 (T) package
Ordering Information
Temperature Package Output Voltage NSC
Range Type 12v 15V ADJ  |Package | Package
’ Drawing
-40°'C £ T, € +125°C | 24-Pin Surface Mount LM2577M-12 LM2577M-15 LM2577M-ADJ | M248B SO
16-Pin Molded DIP LM2577N-12 LM2577N-15 LM2577N-ADJ | N16A N
& 5-Lead Surface Mount LM2577S5-12 LM257753-15 LM2577S-ADJ TS58 TO-263
5-Straight Leads LM2577T-12 LM2577T-15 LM2577T-ADJ TO5A TO-220
5-Bent Staggered LM2577T-12 LM2577T-15 LM2577T-ADJ T05D | TO-220
Leads Flow LBO3 Flow LB03 Flow LB03
=55°C €T, <+150°C | 4-Pin TO-3 LM1577K-12/883 |LM1577K-15/883 LM1577K- KO4A TO-3
ADJ/B83

SIMPLE SWITCHER™ is a reqgistered tademark of National Semiconductor Comoration,

© 1999 National Semiconductor Corporation DS011468

www.nalional.com
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Supply Voltage
Output Switch Voltage
Output Switch Current (Note 2)
Power Dissipation
Storage Temperature Range
Lead Temperature

(Soldering, 10 sec )
Maximum Junction Temperature

Specifications with standard t
Range. Unless otherwise specified, Vin

Absolute Maximum Ratings (o 1

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

ype face are for T, =

45V
65V
6.0A
internally Limited

Supply Voltage
Output Swatch Voltage
Output Switch Current
Junction Temperature Range

-65°C to +150°C LM1577
LM2577

260'C

150°C

= 5V, and lgypreyy = 0.

Electrical Characteristics — LM1577-12, LM2577-12

25°C, and those in bold type face apply over

Minimum ESD Rating
(C =100 pF. R = 1.5 k)

Operating Ratings

3.5V

oV < VSL’VITCH < 60V
]S\-VIICN < 3.0A

-5
-4

o o

C <
o

full Operating Temperature

]
< T, < +125°C

< Vi <40V

T, < +150°C

LM1577-12 |LM2577-12 Units
Symbol Parameter Conditions Typical Limit Limit (Limits)
(Notes 3, 4) (Note 5)
SYSTEM PARAMETERS Circuit of Figure 1 (Note 6)
Vour Oulput Voltage Vi = 5V 10 10V 12.0 T
loan = 100 mA to 800 mA 11.60/11.40 |11.60/11.40 Vimin)
(Note 3) 12 40/12.60 [12.40/12.60 V(max)
AVoyr | Line Regulation Viy = 35V 10 10V T s [ Y
AV luoap = 300 mA 50/100 50/100 mV(max)
AVour Load Regulation V4 =8V AV E ——Th dET=W 1 ¥i v
ALoAD lLoao = 100 MA to 800 mA 50/100 50100 mV(max)
n Efficiency Vi = 5V, lonp = 800 mA 80 %
DEVICE PARAMETERS N -
Ig Input Supply Current Vrecosack = 14V (Switch Dﬁ;—_— 7ﬂ?_.5— mA
10.0/14.0 10.0/14.0 mA(max)
B ANEIE0A 25 mA
Veome = 2.0V (Max Duty Cycle) 50/85 50185 mA(max)
Vuv Input Supply lswircie- = 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)
fo Oscillator Frequency Measured al Switch Pin 52 kHz
Iswitery = 100 mA 48/42 48/42 kHz(min)
56/62 56/62 kHz(max)
Veer Output Reference Measured at Feedback Pin S
Voltage Vin = 3.5V to 40V 12 11.76/11.64 |11.76/11.64 V(min)
Veome = 1.0V 12.24/12.36 |12.24/12.36 V{max)
AVRer Outpul Reference Vi = 3.5V to 40V Z mV
m Voltage Line Regulator
Reg Feedback Pin Input 9.7 kQ
Resistance
Gy Error Amp lcomp = =30 pATto +30 pA 370 i " umho
Transconductance Veoms = 1.0V 225/145 225/145 | pmho(min)
515/615 515/615 pmho(max)
AvoL Error Amp Veomr = 1.1V to 1.9V 80 Vv
Voltage Gain Reomp = 1.0 MQ 50/25 50125 V/V(min)
(Note 7)
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Electrical Characteristics —LM1577-12, LM2577-12 (Continued)

pecifications with standard type face are for T:=258C, and

..ange Unless otherwise specified, V,,, = 5V, and lgwaren =

those in bold type face apply over full Operating Temperature

LM1577.12 [LM2577-12 |  Units
Symbol Parameter Conditions Typical Limit Limit (Limits)
{Notes 3, 4} (Nole 5)
DEVICE PARAMETERS
Error Amplifier UEp?Lnrml 2.4 \
Output Swing | — [ 111)Vj 2.2/2.0 2.2/2.0 V(min)
Lower Limit 0.3 A
Veeeppack = 15.0V 0.40/0.55 0.40/0.55 V({max)
Error Amplifier Vru-ur_n_r,-m = 10.0V 1o 15.0V 2200 I u—pA
Output Current Veonp S0V £130/£90 +130/+90 pA(miIn)
£300/£400 | £300/£400 | pA(max)
lgg Soft Start Current Veeepaack = 10:0V 5.0 HA
Veone = OV 25015 2.5/1.5 pA(min)
7.5/9.5 7.5/9.5 pA(max)
D Maximum Duty Cycle Veonme = 15V 95 %
lewiren = 100 mA 93/90 93/90 Sa{min)
AlgwiTcH Switch 2\ = 13.5 — AN— o
m Transconductance
I Switch Leakage [ I P37 10 ¥ A
Current Veeeosack = 15V (Swatch Off) 300/600 300/600 pPA(max)
Vsar Switch Saturation Isw,me:TO:’\__ \ AN 05 | by SF '@
Voitage Veome = 2.0V (Max Duty Cycle) 0.7/0.9 0.7/0.9 V{max)
NPN Swilch ) 4.5 A
Current Limit 3.7/3.0 3.7/13.0 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

Range. Unless otherwise specified, V,,, = 5V, and Iqw.ru. =6

those in bold type face apply over full Operating Temperature

LM1577-15 | LM2577-15 Units
Symbol Parameter Conditions Typical Limit Limit (Limits)
(Noles 3, 4) {Note 5)
SYSTEM PARAMETERS Circuit of Figure 2 (Note 6)
Vsiir Output Voltage Vi = 5V to 12V 15.0 v
lLoao = 100 mA to 600 mA 14.50/14.25 | 14.50/14.25 V(min)
(Note 3) 15.50/15.75 | 15.50/15.75 V(max)
AVout Line Regulation Vin = 3.5V 10 12V 20 mV
v . 50/100 50/100
AViy lLoan = 300 mA mV(max)
AVout Load Regulation Vin = 5V 20 i T mV
ALoap lLoap = 100 mA to 600 mA mV{max)
n Efficiency Vin = 5V, lLoap = 600 mA 80 %
DEVICE PARAMETERS
I Input Supply Current Veeeoaack = 18.0V 7.5 * . ma
{Switch Off) 10.0/14.0 10.0/14.0 mA{max)
lsiren =204 25 mA
Veome = 2.0V 50/85 50/85 mA(max)
(Max Duty Cycle)
Vi Input Supply lswiten = 100 mA 2.90 v
3 www.nalional.com



Electrical Characteristiés—LM1577-1 5, LM2577-15 (Continued)

Specifications with standard type face are for T, = 25°C,
Range. Unless olherwise specified, \V,,,

and those in bold type face apply over full Operating Temperature
= 5V, and lgpynen = 0

LM1577-15 LM2577-15 Units
Symbol Parameter Conditions Typical Limit Limit (Limits)
(Notes 3, 4) (Nole 5) J
DEVICE PARAMETERS
Underveltage 2.70/2.65 2 mrzm V{rmin)
Lockout 3.10/3.15 3.10/3.15 V(max)
fo Oscillator Frequency Measured at Swilch Pin 52 kHz
lgwiren = 100 mA 48142 4B/42 kHz(rmin)
56/62 56/62 kHz(max)
Vies Output Reference Measured at Feedback Pin R "
Vollage Vi = 3.5V lo 40V 15 14.70/14.55 | 14 70/14.55 V(min)
Vaour 5 LAV 15.30/15.45 | 15.30/15.45 V(max)
AVReF Output Reference Vi = 3.5V to 40V 10 S mv
m Voltage Line Regulation
Reg Feedback Pin Input 12.2 kQ
Voltage Line Regulator
Gy Error Amp i(;om; = =30 pA to +30 pA 300 N 7*umho
Transconductance Veaup = 1.0V 1701110 170/110 pmho(min)
420/500 4201500 pmho(max)
AvaL Error Amp _‘.’CO,'W =11V to 1.9V 65 R N W v
Voltage Gain Reonp = 1.0 MQ 40/20 40/20 VAV (imin)
(Note 7)
Error Amplifier Upper Limit 2.4 Vv
Output Swing Veeepaack = 12.0V 2.212.0 2.2/12.0 V(min)
Lower Limil 03 | v
NSNS 0.4/0.55 0.40/0.55 V(max)
Error Amp Vegeosack = 12.0V 1o 18.0V +200 PA
Output Current Veoms 3 1.0V +130/290 | £130/£90 pA(min)
+300/£400 | +300/£400 |  pA(max)
Isg Soft Start Current Vegepoack = 12.0V 50 HA
Veomp = OV 2.5/1.5 2.5/1.5 pPA(min)
7.5/9.5 7.5/9.5 pPA(max)
D Maximum Duty Veomp = 1.5V 95 Ya
Cycle lswiten = 100 mA 93/90 93/90 %(min)
AlswitcH Switch 12.5 AN
AVoomp Transconductance
I Switch Leakage MewuTen = 65V 10 A
Current Veeeopack = 18.0V 300/600 300/600 pA(max)
(Switch Off)
Vauiw Swilch Saturation Iswiten = 2.0A 0.5 \'
Voltage Veomp = 2.0V 0.7/0.9 0.7/0.9 V({max)
(Max Duty Cycle)
NPN Swilch Veome = 2.0V T 4.3 = A
Current Limit 3.7/3.0 370 A(min)
5.3/6.0 5.3/6.0 A{max)
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Electrical Characteristics — LM1577-ADJ, LM2577-ADJ

Specifications with standard type face are for T
Range. Unless otherwise specified, V,,,

4 7 25°C, and those in bold type face apply aver full Operating Temperature
= 5V, Veeeosack = Vrer and lgwron =

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)
Vi Outpul Vollage Vi = 5V 1o 10V 12.0 Y,
I ono = 100 MA to BOO mA 11.60/11.40 | 11.60/11.40 V{min)
(Note 3) 12.40/12.60 | 12.40/12.60 V{max)
Mgl Line Regulation Vi = 3.5V to 10V 20 o mv
AV, loan = 300 mA 50/100 50/100 mV(max)
AVaut/ Load Regulation Vi = 5V 20 1 my
Alaao lioan = 100 mA to 800 mA 50/100 50/100 mV(max)
n Efficiency Vin = 5V, Loan = 800 mA 80 %
DEVICE PARAMETERS
Is Input Supply Current Veeeopack = 1.5V (Switch Off) 7.5 mA
10.0/14.0 10.0/14.0 mA(max)
Iz rmr=-2.0h 25 mA
Veours = 2.0V (Max Duty Cycle) 50/85 50/85 mA(max)
Vi Input Supply lswaren™= 100 mA 2.90 Vv
Undervoltage Lockout 2.70/2.65 2.70/2.65 V(min)
3.10/3:15 3.10/3.15 V(max)
TO“ Oscillator Frequency Measured al Switch Pin 52 kHz
lspwten = 100 mA 48/42 48/42 kHz(min)
56/62 56/62 kHz(max)
Vrer Reference Measured at Feedback Pin \Y N
Voltage Vi = 3.5V lo 40V 1.230 | 1.214/1.206 | 1.214/1.206 V(min)
Veome = 1.0V 1.246/1.254 1.246/1.254 V(max)
AViee! Reference Voltage Vin = 3.5V to 40V 05 mvy
AV Line Regulation
& Error Amp W7 Fatedy 100 nA
Input Bias Current 300/800 300/800 nA{max)
Gy Error Amp lcome = —30 pA to +30 pA 3700 pmho o
Transconductance Veomp= 1V 2400/1600 2400/1600 pmho(min)
4800/5800 4800/5800 pmho(max)
Avor Error Amp Veomp = 11V to 1,8V 800 Vv
Voltage Gain Reomp = 1.0 MQ (Note 7) 500/250 5007250 VAV(min)
Error Amplifier Upper Limit 2.4 Vv
Output Swing Veeeosack = 1.0V 2.2/2.0 22120 V(min)
Lower Limit 0.3 \
Vieeonie= 1.5V 0.40/0.55 ' 0.40/0.55 V(max)
Error Amp Veeeosack = 1.0V lo 1.5V +200 HA
Output Current Veomp = 1.0V +130/190 +130/£90 pPA(min)
+300/%400 +300/%400 PA(max)
lss Soft Start Current Veeeosack = 1.0V 5.0 pA
Veomp = OV O 2.5/1.5 251.5 ~ pA(miIn)
7.5/8.5 7.5/9.5 i pHA(max)
D Maximum Duty Cycle | Vigue = 1.5V 95 Yo
lswiten = 100 mA 93/90 93/90 Yo(min)
Algwirerd Swilch 12,5 AN
AVeomp Transconductance
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Electrical Characteristics—-LM1577-ADJ, LM2577-ADJ (continued)

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

Range. Unless otherwise specified, \V,,, = 5V, Vreeoaack = Vrer, and lgwirey =

LM1577-ADJ |LM2577-ADJ Units
Symbol Parameter Conditions Typical Limit Limit {Limits)
(Notes 3, 4) (Note 5)
DEVICE PARAMETERS
I Switch Leakage Veswiren = 65V 10 PA
Current Veeeoaack = 1.5V (Switch Off) 300/600 300/600 pA(max)
Vgar Swilch Saturation lswiten = 2.0A 0.5 v
Voltage Veome = 2.0V (Max Duty Cycle) 0.7/0.9 0.7/0.9 V(max)
NPN Switch Veowp =200 43 A N A S
Current Limit 3.7/13.0 37/3.0 A(min)
5.3/6.0 53/6.0 Almax)
THERMAL PARAMETERS (All Versions)
058 Thermal Resistance K Package, Junction to Ambient 35
0,c K Package, Junction to Case 1.5
{)‘M-—u T Package, Junction to Ambient 65 §
B T Package, Junction to Case 2
OMr___ N Package, Junction 1o 85 — W%
‘CIw
Ambient (Note 8)
E;\ M Package, Junction 100 = \
10 Ambient (Note 8)
L P S Package, Junction to 37 K
Ambient (Note 9)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may oceur. Operating ratings indicate condilions the device 1s intended to
be functional, but device parameler specifications may not be guaranteed under these conditions. For guaranteed specifications and testcondilions, see the Electrical
Characteristics,

Note 2: Due to liming considerations of the LM1S77/LM2577 current limit circuit, oulpul current cannot be inlernally imited when the LM1577TM2577 is used as a
step-up regulator. To prevent damage 1o the swilch, its current must be externally limited lo 6.0A, However, culpul current s internally himited when the LM1577/
LM2577 is used as a flyback or forward converter requlator n accordance (o the Application Hints

Note 3: All limits guaranteed at room temperalure (standard type face) and al temperalure extremes (boldface type) All imis are used to calculate Outgoing Quahty
Level, and are 100% produclion lested

Note 4: Amilitary RETS electrical lest specification is available on request Althe lime of printing, the LM1577K-12/883, LMI1577K-15/883, and LM1577K-AD J/883
RETS spacifications complied fully with the boldface limits in these columns. The LM15771K-12/1883, LM1577K-15/883, and LMI577K-ADJ/883 may also be procured
to Standard Military Drawing specifications.

Note 5: All limits guaranteed at room temperature (standard type face) and at temperalure extremes (boldface type). All room lemperature limits are 100% produc-
tion tested. All limils at temperature extremes are guaranteed via correlation using standard Statistical Qualily Control (SQC) methods

Note 6: External components such as the diode, inductor, inpul and output capacitors can affect switching regulator performance. When the LMIS7T/LM2577 is used
as shown in the Test Circuil, system performance will be as specified by the system parameters.

Note 7: A 1.0 MQ resistor is connected to the compensation pin (which is the ermor amplifier's oulput) to ensure accuracy in measuring Ayp, . In aclual applications,
this pins load resistance should be 210 MQ, resulling in Ayoy that is typically twice the guaranteed minimum limit

Note 8: Junction to ambient thermal resistance with approximately 1 square inch of pc board copper surrounding (he leads. Additional copper area will lower thermal
resistance further. See thermal model in “Swilchers Made Simple” software.

Note 9: If the TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally connected 1o the package. Using
0.5 square inches of copper area, 04 is 50°CAW; with 1 square inch of copper area, 64 is 37°C/W; and with 1.6 or more square inchas of copper area, 01, is 32°C/W
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Application Hints

Cin

I1
11

SWITCH

CURRENT LIMIT,
THERMAL LIMIT, AND
UNDERYOLTAGE SHUTDOWN

L,

LoGIT

52 kHr CORRECTIVE
OSCILLATOR RAMP
VOLTAGE

+

CURRENT ﬂ

SENSE
VOLTAGE

COMPARATOR I

SOFT
START L curer L
SENSE 3 Rz
LW1577-ADd/ RESISTOR <

LM2577-A0J

0501146810
Note: Pin numbers shown are for TO-220 (T) package
“Resistors are internal to LM1577/LM2577 for 12V and 15V versions

FIGURE 4. LM1577/LM2577 Block Diagram and Boost Regulator Application
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MOTOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by 1N5820/D

Designer's™ Data Sheet 1N5820
Axial Lead Rectifiers 1N5821

... employing the Schottky Barrier principle in a large area metal—to-silicon 1N5822
power diode. State—of-the-art geometry features chrome barrier metal,

epitaxial construction with oxide passivation and metal overlap contact. Ideally 1NSB20 and 1N5822 are
suited for use as rectifiers in low-voltage, high—frequency inverters, free Motorola Preferred Devices

wheeling diodes, and polarity protection diodes.

e Extremely Low vF
e Low Power Loss/High Efficiency

¢ Low Stored Charge, Majority Carrier Conduction SCHOTTKY BARRIER

RECTIFIERS
Mechanical Characteristics: 3.0 AMPERES
« Case: Epoxy, Molded 20, 30, 40 VOLTS
e Weight: 1.1 gram (approximately)
» Finish: All External Surfaces Corrosion Resistant and Terminal Leads are
Readily Solderable
* Lead and Mounting Surface Temperature for Soldering Purposes: 220°C
Max. for 10 Seconds, 1/16” from case
¢ Shipped in plastic bags, 5,000 per bag
* Available Tape and Reeled, 1500 per reel, by adding a “RL” suffix to the
part number
¢ Polarity: Cathode indicated by Polarity Band
e Marking: 1N5820, 1N5821, 1N5822
CASE 267-03
PLASTIC
MAXIMUM RATINGS
Rating Symbol 1N5820 1N5821 1N5822 Unit
Peak Repetitive Reverse Voltage VRRM 20 30 40 Vv
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRSM 24 36 48 \
RMS Reverse Voltage VR(RMS) 14 21 28 \
Average Rectified Forward Current (2) lo - 3.0 = A
VR(equiv) = 0.2 VR(dc), TL = 95°C
(RpJa = 28°C/W, P.C. Board Mounting, see Note 2)
Ambient Temperature TA 90 85 80 °C
Rated VR(dc), PF(AV)=0
RgJa = 28°C/W
Non-Repetitive Peak Surge Current IFsMm <«———— 80 (for one cycle) ———— A
(Surge applied at rated load conditions, half wave, single phase
60 Hz, T =75°C)
Operating and Storage Junction Temperature Range T4 Tstg |—————651t0+125 ——» °C
(Reverse Voltage applied)
Peak Operating Junction Temperature (Forward Current applied) TJ(pk) < 150 > °C
*THERMAL CHARACTERISTICS (Note 2)
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RgJA 28 °CIW

(1) Pulse Test: Pulse Width = 300 ps, Duty Cycle = 2.0%.
(2) Lead Temperature reference is cathode lead 1/32” from case.
* Indicates JEDEC Registered Data for 1N5820-22.

Designer’s Data for “Worst Case” Conditions — The Designer’'s Data Sheet permits the design of most circuits entirely from the information presented. SOA Limit
curves — representing boundaries on device characteristics — are given to facilitate “worst case” design.

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