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Abstract

This report is intended to describe the design and building of Thermal Energy
from liquid cooling system. This system consists of 4 parts: Thermoelectric
equipments , Voltage regulator , Voltage converters and Battery charger. The system
will pick up heat with the thermoelectric equipments which convert heat and cool
into electric energy. Them regulate by voltage regulator and convert by voltage
converters to charge the desirable battery. The system was controlled by a

microcontroller.
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unnm 2

lulasaaulnsiaas (Microcontroller)

2.1 dquusznavvadiulasaaulnsatass (PIC 16F877A)

lulnsreulvsalaeinszna PIC vaauTemlulasiin (Microchip) Inglannziuas PIC
16F877A Wululnspoulvnsataesiiiadalasuanuiouegraunsvais asannidu
lulaspoulnsalassuuuwsngAiin1sussulanauuy RISC Processor (RISC : Reduced

Instruction Set Computer) lagldardanisussuianaiies 33-35 maazldinailuns

o
I oa

Uszananardaies 1 w50 2 machime cycle safmdaviiu msuszananamaaudnuoe
Pipe Line FaumusUssnanamatsn agvinisivandidsinluuiasenseld vinlanisvinau
sinsan ueniniuludlassasndlsznaume ensawaiilsidulugadmsuldauiieny

#1a9u1nu1e 1oun 1aa Analog to Digital Converter, USART, Time/Counter. SPI,

i
i o -

2 2 1 v o 2 v
Compare/Capture/PWM, I'C 1Dusiu Tugamaniianuiiudnnuaiansaliiluldould

= a

agravainvaty UsenauduiiiaTesdislunisWauimfsunieunuandfvas

@

lilasaeulnsaians PIC 16F877A fail

- figdsluniwn Assembly 35 fda

- Mudesadatawmesliaan 20 MHz

- Inheanudalusiunsu Flash Memory vua 8 K word (14 - bit words)
- fimbhpaudnteyaiuy RAM 368 Bytes

- fivhuauIieyaluy EEPROM 256 Bytes

- Smsnevausdumassvitama 14 unds

- anunsadenseiunsUesiuteya (Code Protection) la

- flvuausendandasu (Sleep Mode)

- ansadenurasdyanuninilaviatelvun XT RC Layooadalamasnasausi

- fiastunisinueResnmnsviney Laun POR PWRT,OST,BOR way WDT



- N15WIUNTUAITW ICSP (ICSP : In-Circuit Serial Programming)

- gunsevhauilwidsnssiug 2.0 V § 5.5V

- UM /O UsiazYn amnsaiunavlasenseualagaan 25 mA

- z‘ﬂuaa Timer/Counter I‘gﬂuﬁg\mum 3 @2 Timer 0, Timer 1, wag Timer 2

- {lluga CCP (CCP : Compare/Capture/PWM) 311U 2 %A

- filuga Analog to Digital Converter mwawtdun vua 8 U waz 10 Un d1uau 8
P99 MelumTn

- ﬁiuaaﬁiaaﬁauﬂimmu USART (USART : Universal Synchronous Asynchronous
Receiver/Transmitter)

(%

- {W95% 1/O 971U 5 Wasn A,B,C,D way E 191 1/0 571U 33 1 ¢19tAD

PORTA 1597 RAO D9 RA5
PORTB §1 8 91 RBO 4 RB7
PORTC i 8 v1 RCO fia RCY
PORTD 1 8 91 RDO @4 RD7

PORTE 11 3 97 REO 14 RE2




Devices Included in this Data Sheet:

v FICTGFETaL
« PICTOFETT

+ FICUEFATIA
C BICUEFETAA

High-Performance RISC CPU;

v Onty 35 singe-ward mstuckions o leam
o Al single-cyele inztructions axcaot for program
branzhes. which te tworcyle

¢ Dperatng speed. 00 = 20 Mz chosk inpul

0C = 200 ns ingtruchien oycle
Up to 8K x 14 words of Flash Frogram Slemery,
Upto 388 2 & bytas of Data Memory (RAM),
Up ta 244 « & bytes of EEFROM Data Remory
Finout campatble to stk 28-pn or 4044p A
FICIBCHNY and PICIBFXNH micmeonirallers

Peripheral Features:

Timerll &0t brmarcownter witn 3-00 pressaler
Timer!: 1 8-oit imericountsr wih prascaler,

AN BE M RAROISE Buing Sleep wid xEmal
crystal ack

Timgrd: G- bmercounter with S-bit peded
register prezealer and postzoaler

Tao Caoturs, Compare, Flk mooules

- Caplure 5 10-ba, mas. resoubon B 128 s

- Caripare & 1850, ma. resolubien & 300 n

« FWM max. resalution i 104

Synghranoys Senal Fart (B3P with 3P| ¥
(Master mode) and FG (Master/Slava)
Universal Synenmnous Asynoarenous Recener
Transmitee (USARTISC with Bl address
delection

Farael Slave Porl (FGF) - & bils wide with
extamal RO, WR and C3 conirols (40adpin anly)
Brown-out delectan arcunry far

Browr-oul Reset |BOR)

Analog Features:

o ARER um o Bchannel Anaog-io-Digital
Convenar (ADH
v Boown-out Rasat (B0R)
¢ Analog Comparalar medule with:
+ Two analeg cearparatars
+ Frogrammable on<chip vo'tage refergnce
[YAEF | module
- Programmable input multipleong from device
reuts and inlemal walage elerence
- Comparaler outpuls are externally secessible

Special Microcontroller Features:

« 100,000 eraze/write cyc'e Enhanced Flash
pragram mamory typical

« 1000000 erasewnte cycie Data EEFROM
memery tymeal

« Dats EEPROM Retentor » 40 yesrs

- Zalleeprogrammakle urder sottaare contrs!

= InCirgus Senal Programming™ (IC5P™)

W3 twi pins :

Sngle-zupply 54 n-Circun 3enal Programming

Waxhdog Tomer (WDT) with 2= own on-chip RC

aagillates for relable cperanes

+ Programmable sode protecton

- Powar saving Zleep mode

¢ Zelegtable ascilator aptons
In-Cirgut Debug 1S} vid we pins

CMOS Technalogy:

+ Low-power, hign-speed Flasn EEFROM
techralogy

» Fully statie design

» Wide operating veltage range (2 0V 2 5 5V

» Commarcial and Industrial temparaiire ranges

r Low-powsr consumptan

ey 40 v
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Yeu F Prograrmeg weltige #pd
BCRTA % a badeocdonad 10 pon
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AND | Araley nzut
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gt 1y Crgdal LT
A I Brakg miutd
ko] | SR slave seet nput
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Logeead | = moul S ot b0 = Aputolpa = e
=~ =Notused TTL=TTLanpdl 57 = Schmai Trogee mm

A1 2.2 wasdseazduanasiwiue1veddulasreulnsatass PIC16F87XA
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2.2 daudsznavvaslulasaaulnsatans (MCP3208)

=

MCP3204/3208 1Ju IC Aldlunsudadyanaliheundenlidudyarnfines

Auazdanuun 12 Un Inefivoadynos 8 odluiu MCP3208 Felastasnauasundy o

@ @

fanunzAandlugun 2.4

PDIP, SQIC, TSSOP
cHof1 7 120 v,
CHIO2 o 13[ Ve
cH2O3 O 12[AGND
CH3]4 J§ 1pcLk
NCOS B 100D,
HCOe * 3D,
osND [ 7 3[1 TSISHDN
PDIP, SOIC
cHodr 7 1ef v,
CH1 2 1507 Vaer
CH2O3 = 14[0AGND
cHimd Q 13fcik
CHs Os & 120 0,,,
CH5 06 & 110Dy
CHe O7 1011 CS/SHDN
CHT s 901 DGND

JUN 2.4 IAseasnauazndeay1ouves MCP3208

MCP3208 Itan1Unenssuuuu SAR Felldnvaslunisdududnaauuy intermal

]
“ e

sample/hold capacitor Tagld&a1amninim 1.5 clock cycle lngagEuaundymu

Fuguiandugiauing wazazisulunisaseduduaaisuwdasdufinealAnuuy

<

BYNTNIUIA 12 U
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Yoy Vs
REF L _l
Bopemeee. . |
CHD |
CH1 Input
— | |Channe! |
= Mux |
;\QiTpnrator |
23 12-Bit SAR |
| I /'/
L |
Control Logic {—» Shift l
- » Reyislsl |
F-FI--F--
CSISHON D, CLK i
*Mote: Channels 5-7 available on MCP2208 Cnly

'

JUT 2.5 lnazunsauuaninisyineuues MCP3208

nsviedasdulunisiuduana Analog Inputs

MCP3208 fin15vi91u 2 dnwauslunissudnyineudrden Ae single-ended inputs
uaz pseudo-differential pairs Tnefin1svinamuLUL sinele-ended inputs v&$Udayeyradluin
pudonunIsuliisuiuansiu ilelildrmussiulwineanui dauwuy pseudo-differential
pairs viimMsFouifisuussivinonaesesdmyain Auseuliidlsasdudian
upnAsErIaLsaRuliienn 2 Yesdygin

Taglu MCP3208 asamnsasusussulifiuy sinsle-ended inputs léamun 4
A1 wazSuaws sl wuy pseudo-differential pairs Iévanun 2 A1 gelunsudasen
fyandwihuuuowndenlieglusuuuuresiinealfndusgiasodoriusafuluiing1ess
et euiiisumausssuliiandyarainiaisuidhon fannsidenldansesulnia

W sdanuddyunmzdmalasnseduatlufdnaaliniioanun AvasRanealAnuug

12 Um @m1senbaann

Digital Output Code = 4096 * V,,
Veer
where:
Vi, = analog input voltage
Vaer = reference voltage
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Vea

I.J"h"i’_e_‘z} .
Naary
|

VA ~ lLeawsos
N 7pF Vy = 0.6V Y
L. Vr =00 O f+1nA

Sampling
Switch

..........

.rs‘ﬁ—"-:‘-.r* i
e Caampie
S)AC capacitance

0 pF

Legend
VA - Signal Source
Ry = Source Impedance
CHx = Input Channel Pad
Crp = Input Capacitance
V¢ = Threshold Voltage

| esxsce = Leakage Currentat the pin
due to various junctions

88 = Sampling Switch
=5 = Sampling Switch Resistor
Crugre = SamplefHold Capacitance

UM 2.6 lnozunsuuaninisviiusum

nsiafaLuUaNNTY

Sy ouNdanTes MCP3208

A ﬂl‘ @ J o kol = 1 ot
MIdadasinannnanu MCP3208 %31’11?‘]'1'5(51@%8LﬂUﬁEUEU’IEUE)UH‘SQJLLUUﬂJ’]G}SEWU SPI-

< U q

8/ Il
i A a 1 e

compatible serial interface FagULUUAITURIRYYIUNITRIALRBAARDAY MCP3204

ansaalainmsdlugun 2.3
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CONTROL BIT
SELECTIONS INPUT CHANNEL
SINGLE/ | D2 | D1 | Do | CONFIGURATION | SELECTION
DIFF

1 X 0 |single ended |[CHO

1 X 1 |single ended |CH1

1 X 1 | 0 |single ended |CH2

1 X | 1| 1 |singleended |CH3
0 X | 0 | O |differential CHO = [N+
CH1 = IN-
0 X | 0 | 1 |differential CHO = IN-
CH1 = IN+
0 X | 1| 0 |differential CH2 = IN+
CH3 = IN-
] <ot i 1 |differential CHZ2 = IN-
CH3 = IN+

*D2 is don't care for MCP3204

13197 2.3 wamadaanasldfanishindeiiu MCP3204/3208

2.3 wihnvaalulasaaulnsatass

v a v

wihitddauethilasaoulnsalaasfonindadunviiingreesauauuuinus sy
uazneasinuszRuusuiilussuriile uazeenidronivmiloonunanievsauguuun
useduLaTIR I IMTE UL Rv s sfuing 1 sUsE quUALmeIuEe lal wnnd]
usaduiishndiheniomnazdidun bilasaeulnsamesovvnisiaussiududlasndy

el
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UNit 3
ANFINVBIINDTUTTYUUALADTUAZUTERUUALADS

AENAIIIUAIIUSDUIINTLUUSLUNY AU SDULATDIL U

3.1 gunsalinliandssuluiianwdenuaiiuiou
3.1.1 wmesludiann3a
Tuduresunastewdnuil WsosUssauunmeiUsequumaeIfendsy
mudeuInIEUUSTUIEMLSauAs assussdonld wesludidnvia® lunssnendenu
Wi Faaswsumesludidnnsadudoulse nuiundietivessodnseusus wazdiues
suduazlsynuiu Heat sink assuisanudoudiuiveaniy

lassadauagndnnisvitauveunaiiies (Peltien) laseadraiosduvesgunsning

=l L3

Wesusynoumeanstilinidu (N-type)uas(P-type) yoedalsimaglsd (@seunanansnay

a

Tanla (B)) Auwagiiou (Te) 1eatuugiusoaesiin)fiadnduglgnuiiin qswaunnudy

° ]

Ui finunussnulinsassilurasiaisiuasoudainduilodasssdszwing
a W " P 2 o - | |

Jaals  (Bismuth) wasimgisey  (Tellurium) Meaeailndiudrsluarumuiniuees
ddnnseudasyigamaiiviiugnedafidulans iliddnaseubinelius (Deficiency of

< o3 P15 B a & i &y
electrons) luvnigngnisnvlisouulaveniiBidnasouniiuiuuinaumieiile (Excess of

electrons)

gﬂﬁ 3.1 weludidnysn (Peltier)

o 1 as ot 2/ . ~
dienszualvanudilugaiuasnenemainananin (Attempts to establish) Tulu
nanmelunszuadnnszinnuansyianynlvsrtuiinnIuseudunsinisvinlminaudu

o a 1 dy LY o V¥ = bod 3 dy d: o s 3/ dl
wazansyladuiaanuioudusaimsiibiiinanuounsiliiadssnanwiaieslilildliie
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gunsniihihenlussiugamaiidsssuiliduiiAenudouiinduias suiiina i fui
Aranduanndy
Taevhluiwaiiefvinaudenseua 4-10 woudiusaful 12 adudlunis
nAne UM IURAAWMALIT IR enszIa 100 uewluieannninil
wmeasludidnviausznaudeansisdniasssiafeals N-Type uazans P-

Type @esimoynsuiuvnalviiuazsavuiudiuniinnusay nsuaawasulniaziintudie

= el

[ w v o o N a a 2 = v ol
'ﬂauwaummwsaumwmuwuwaamaslmaLﬁﬂwsmazmuquqqum ﬂmuvimlw

(YR ] 2 s 2 = ) o 8 v a w
seauininlagldmszuiennuseu wavesguuainuandeiuzinliiianssualvilvale

U

v | i o A « o o w A a o a a %)
fflansendlwihdeagmevenvilineesauysel ussiuuasidanuiinesludidnvsanaals

tuasfusgiundauanudouilasy sruussune aAnuiou wagdiurediugamirunge

shuAY

Electromic carriers

moyving heat o :
the heat sink Electncal insulation
(pood heat conductor)
y N.‘ n-lx - "
semiconductor p P” type ]
e semiconductor

L SOURECT

UM 3.2 Inssasrsvemesludiannin
losieiuAIU9RT AIgUT P-type Fzgadlannsoultininiewin Jaflogns
| _ o q W P v o 0 v

sogsie (Junction) vilianuunilotuilalusnauainausauninseny awnhiusyuinau
= & o ol ' ) a | o [
Fa.lunanauenaonanfiu 13un31 Hole-Pair ilviusaauanvinesusesralunadedu
MsifeunveUszay Mnuduunini) vliiAenszualwinedounluluiisaiundu fe
muduufng wesludidnvieaiunsoiddsundsuanuieulidundsulaililae

AUNNTNISAUMANUSBUNAIULTUNS 8A LS BURNALANTT 3.1
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2
Q. =(0UT, —05R—K,AT)
ol HAl ‘ (3.1)

Toedl Q./ Q. #e Uinauanufudonnuseuiliiumesludidnnsa (W)
A Ae duussAndvesdida (V/K)
At fle  wasmesswieamgiiusounargamgiaubu (K)
R flo  ewsumuliihweuvesludiinvie
| Ao n3zualvii(a)
T./ Ty fle eumgidubuniedudouveanesludidnvia (K)

Kt D) AaN NN o uTRIwasSIuBIENSA (Watt/cm-K)

Y1 o o « - 2
LLﬂﬁR]ﬂﬂﬂ’]ﬂ’lﬁﬂLﬂ’MWﬂ AB Poy= | RL (3.2)

laeit R flo AnUEUnIUlan i

wazazlaausmulitevinn A

v = QAT = (R+R)I (3.3)
| = QAT /7 R+R) (3.4)
Pout = R(QAT /R+R) (3.5)

3.1.2 s:uumsﬂs:mwmmﬁﬁqUmaﬂuﬁﬁnw’%ﬂ (\waLies)

n‘ﬂid; 1 = (3 12/

Tudauilaeldgunsniifednwaiiies 1ugunsalilfamandfing “Heat
pump” Fudladnelimidnlulumaiiios Susgvimdhiituaudounndumilslugdndumidld
pgaInL5d vilieedidumileiiiBu (ufigniunnuieusenludndu) uasBniumisifou
Gruilgnumndousenin) lumsndutusildeuauthtvounaiios Tagliduiivmihi
uwasmdssuaufeuilasu Widumdslwihililunsdassauunmeimuludnmesinm
seAUUTILlN
(Regulator) Fafiuduittaelisssuussiulwihiiszuuldsuiianund Tnsasiminiiddn
usafunseieuiidmanndoogidnioglimunly elfmuneiunisaununisimdseuly

dnUszauuames wassulugsasuuasszauusatulni (Boost Converter) 1ludud
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s -

wUasszduusaiulnihiflseAuaaiiisaneuasimingausnanisdnuseauunned uasdng
24358AUTEIUUALABT (Battery charger) Faluduivinisdnussauuntneilngdaruiids
Nuliszauussiuimunzaulagdtednlulaegld Pulsed charge #ARan1sany PWM 270

ABUNIALERINIINRTIAUTEY ndrudnaullduunineinden1sdnlssy

Thermoelectric |:> Regulator [:> Converter |_—_> Charger :> Battery

T4 T

v

|:> Display

A 4

Controller

U7 3.3 lAseasngesssuy

3.2 29935nw152AUNsIAUINAT ( Regulator)
\uduntielissduussiulninszuulasuianuned lngasyimiiddauseau
o oW & - v o v Y o @ Y
nsvieundimaunasatianieslivunly ineliivangdumsaruaunisimasnulignus:q

wummasHaly
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3.2.1 N1598NLUULAZNITNINU (LM2576-5)

7V - 40Y FEEDBACK
(60V for HV) a7 LM2576/ |3
UNREGULATED ——@——— | }19 576 HY - 45y

DC INPUT 1

5.0 OUTPUT REGULATED
i] & ’ OUTPUT
{58 ¥ ON/OFF b1

IN5822 I 1000 uF

'

U7 3.4 7933 Converter laglly LM2576-5

N5Y9UUBDTVBINIT Regulator Ineld LM2576-5 fa ailusediuniavduns

]
=l

Uszunm 7-40 laadl Levimiieanunasle 5 Tan uagnsvualiiovinnaziviniunseuaiign

Jaumnainduwn

3.3 29a5uvadszaunsanulnii (Converter)

[
@

ABULIDSLABINY 5 LUVl Hanwaemavnaunluuanssduauiuludn wazaAsudig

3/
i

NEEBN1SINANLLIkAaLANY ARULIRsSIABSIMaNLEEITaLUNgRslaDnwateUssIAN LAY

maiumaiiauisenishituasuiesines lundsznaniusfsansitnuiuguvndu

3.3.1 WanUUUARBULIBSINDS

JUN 3.5 1asiugiuresangiuarauieiines



19

NN 3.5 meimsudawes Q1 lunateuuarsuasinosaevinailudnune

{4

< a o o o v e cl' Y] - )
Wuainy LLaﬂ'ﬂﬁu’]ﬂ'ﬁSLLﬂ@'lﬂJf’n?N“UaﬁWﬁﬁaLﬁaﬂﬂJmﬂaulﬂm‘N“ﬂ’]LU?{ LN uleLUas T1

2 '
o s o

AmununlnsiNSuazualAu T IMIanvuznduaiued Attulle Q1 inszua lalen
D1 Feegludnuusgnluneanduuazliuinssua Jafinsavaundauielnsuivemde
wUas T1 unu e Q1 wgadinssua autuudwmén T1 gudviliiAnnisndudauseiuiian
Twsunduaziedums D1 Mzagludnvazgnlunednss wavunazaulualnsuiveantie
=1 ' [ o = = i Y V1
washazgnirewmeanludivnwduni uaslinszualnanulalon D1 ludidAuyseq
Wne Co uazlvanla AveausIRuilainnvedraulIosinesasTuadiuAInmdNTg
o 1 o at 1 o 2 1 al A
UYed Q1 934a1hnTelaved Q1 EnsnandNIUTEUTBMIBLUAY LAYANTBILTIRUT

unm

ionesvhauegluannizam Ausiuedwanldninaouosinasaziluluniu

GRUaMP

_ tow X (N5 [ Np)(Vin — Vecsan)

< oud I/D
(T — tow)
T fip ATULIAINSYINUYRe Q1 1WA
tON  fla 92aan
Np fio SuisoUTe AN
Ns fig $1UIUTOUTDIUALIAUATS

Vout e usaduilendnavasneunesines lulad
. = v ala T 5 5
Vin - e ussiundunavasrouiesines Wulad
Veeway A0 WSaURNAsa Q1 vsuzihnszuanyndud iJulad

VD Ao useuanasaulalon D1 vnzinszua Wullas
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“ON” HOFF” | “()N”

; Np ..
Yce Vg N_“ {V, + Vp) pr——r

— —.

| AP ¢ —— ST,

JUT 3.6 nsmnansanuaznssialazusnulusimeglLuanauaine UL

wanguuareueimesilunownesinesnivimawnulaligain Tnseglugaslaifiu

@

150 4ng uagliardeysyrisuniu RFVEMI Aaudneas wildaunsaldesuasiisnangn
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3.3.2 Waslisnnawnosines

+ ¥,

]

o,

out

I | ] | *ﬂﬂ']ﬂ‘JiFl"JUﬂ!J

JUT 3.7 1astiugureseiiisanoueiines

g uemeiiinreunesinesuandlilugun 3.7 sswiulidiwesisanoulaes

wasiidnwarlndldesiunatewuanauneiines waiugiunsyhulzianaeiu fe wiie

D

2

wadlunesiisnaeunesinesasviminideiumdsmluisfivne mudamesinnssua
AsnwaekuAnuesmeitmiowlatraraundsulutsiinnesniudawes
thnsvua udhTshemmdsueenlvsasinmneimsudameivgntinszua msviauges
asauludidl

wnpdnsdames Q1 ssvhaulastnssianasugninssuaaduiull 1o Q1
thnssua 2ufinseud Ip aruaalnsand Np sz esnwlioutas T1 Tunedidda
ouefmeiTItmunualnuassAunE IR anseiu Fadilalan D1 Fegnlunoanss
vilwiinszualuailiaduad Ns sufamdenh Lo ludadifudszqonding Co uaglvanld
vafifinssualvari Lo agiimsazauwdanuliludntuiig dulalen D2 szegludnuoe
Tukeandy Fslifniniinszua wwdertulalen D3 Liesanvadunulags Nr gniulilu
Fansaiuiuualnguni Np lalen D3 Ssegludnvaluneandy wagliifiuszualva o Q1
ngairnszua lalen D1 vzgnluneandunazlifinssualuainvetedunid Ns ualy

= o i g o a X u ° el @ 5 o o =
YpuzidenuaunuLdianinatuly Lo gum’ AN 1INaUTILTIAUN Lo 1@11’](91 D2 934N

Tuueanss ndwufignavaulilu Lo asgniremesnuvilvilinszudlvariilalon D2 T
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{uuse Co uaslvanld nsvuaiinariulnandsiifnunzdoiies elugaedl Q1 tnssua
wazvgminssua viliinsnssienvesnssfuiieimamnimanguuanounasines
Turnied Q1 vgmingzua aumusmaniiandanelundiowvasaziinnsguiuas
nduduseduiiun Np, Ns uag Nr lalen D3 azegludnuuzgnluusanss vilfinisdiem
wirivaedniiaanluly vaaresuuniulade Nr wazlalon D3 dilmnudadyuan s
glufinnsanemwdsnuiinndsenluanunlnsundlurusi Q1 vgathnssua e Q1 (5u

o = 3 i 2 = ] o 2 [ as s
UINTELADNATY E‘TU'lﬁJLLiJL‘Viaﬂ‘VI‘MadLﬂﬂ@@gﬁ]ﬁ“ﬂ'ﬂﬂ Q1 LUuamﬁa”Lm

i, ‘
OIS COEEC TIPN e G

JUT 3.8 nsvluanssnuaznseiakazusiuluTesiIiaraulefne SuMy Y

dmsurasiisanouiasines lenaninuegluannizai Aussdue dneilaann

Apuesnasaziulunuaunis

(Np / N )(Vin = Ver(san ) on
7 -¥o

Wosisarauasimeslviidsnulalutiafernurarswuaraunasines (lugie 100

Vour =

- 200 ns) usnszuailaazinisnsuiiousinndy egrslsfiony fgunsaiiiudiunaglvd

5789
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3.3.3 WY-WARULIDSINDY

wu-waraunesinefiiunounesinesfisneidligs Turae 200 - 1000 e ues
Toidefosniinnsliauunnsvesdndutindnvesununiouuas dsaziinadenisiademe
v udanesiaie luiligtumaliansmuauuuumusunszuatisandymiag
1 fetuns-yaneunesimesiadunsunesinefirauladmivainfaunineidmmansi
ADINTTANRIG

AIviuveIne-yanauLesnes Wituladoun1siwesiisanauliesinesaniyn
uihausuiy Teendatuwhenluisdazasanunatludnuaznduma viliseidalage
wneinudawesluinsimaiussiuanasoslurugvgniinssiansutiiguduferium
asuvALaziasidsanouednes sauelamnisiiandndliauunsluunumeslsdves

asiiimnessudanesiadenedy we-wareuedinasiduiuguveseanuiad

wagyauIadApuIBIINesTIN TN IR iYL Whlvaunnsastaunda

l:‘.i .\:,l.j
A v ‘

iy
1T
AN

o

1‘,‘| :
¥

N b, /a B!

0 v

U 3.9 29T HUGIUVDINT-YaRDUIDIINDT

ATWUFINVBINT-WAARULIDIMES Uandliluzun 3.9 93U Q1 uay Q2 Avaduiu
Mawleendaiuinszualundazaisaiuiaan T lusuen Q1 Uinssuaaziinssua Ip lva
Nuualnsing Npl uazlalen D1 azgnluneandu dwulalen D2 azgnluueanss vinlvdl

nszualwanualnsung Ns2 iulalen D2 uas Lo ludwiifiuusey Co uarlvan
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Tudemeiiusedunnasen Q2 aziinndu 2vin (F1wIuseu Npl = Np2 uag Nsl =

Ns2) luvhueufeaiuunegi Q2 dnszua Q1 uag D2 aglithnszuailiosangnluueandu
q! L] ot lﬂ‘ 1 s

D1 Zagnluneansaaziinszuainuaiediunii Nst su Lo ludiafiuusz Co uavivan oz

2
s

wiulddnluniamuiainisyie vadunnsavlvinseualvadu Lo latiaasinss wa-na

q

ADUNBTMDI VA Use sl Tuas v veanasIsSanauLIRS IS AR NS L LA

1 e =

gagaeulnsuafidiniu uasivaniinszualvasailiownasaiian nszuanlanisoinnds

q

ABUT LS8

3.3.4 gravuindnauIeines
gavuIndnouneineiineglunsenaifieiiuntwaneuIesines uianyayn1sin
219959 NI SN S UTALA 05 LW ATHUTIAUANATBUVUENEAUINTEUAL T ESANL T I Y
Sunpviniy vl wdamesilifisragn uagmildhend uazantesfndaliiy
suuusefuligaldinn saniadlsiftgmnisliaumnsvaamdndluunumeslsivanda

wlaslame

o e
ol bl

JUT 3.10 199 5NUFILUBIBENUTAIRB IS DS

2095UFINTBITANUSATABULIDSIADS LRl U 3.10 n1svinuludsdelud

Aufiudsey C1 uaz C2 gnitvuabiiAviniY feeunsuiuagnanudunaLiiowd AT s
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a &«

LSI9U LSIAUANATON C1  uay C2 FIWAIYINUATINTIUDILSIAUNDUNG LNILIDS

q

NIMUTARDT Q1 WAy Q2 AFUAUYIMUANAZATIAUNANIUREINUNT-YAADIBSLNDT

[ I

e lAaNT1TRNTNRT FeRarsanlunsiinldiidaiudsey Cb degluas Tnslvivane

109AlnII3 Np Aideatiiu Cb uusalnensudifiugaresyninduiulsey Cl uag C2 fa

LLam‘lugﬂ'ﬁ 3.14

UM 3.11 (uw) v Q1 ihnszua @9) vy Q2 WinTvia

o Q1 Budinseua way Q2 LWInszwa ussnuanAay Q2 AxilAnvinfu Vin-

1 a

Vce(sat) d@unsinunnasanuaslnsuis Np asaniiu Vel - Veelsat) wiadlianvinniy

Vin/2 - Vee(sat) Yuved Tuvinusafeanu e Q2 Uinszua way Q1 luunssua wsasumn

a1 =

ATeN Q1 axfiAviniu Vin-Vee(sat) Wuliganu ussnuanasoniivalnsui Np ndensian
Wiy Vin/2 - Vee(sat) Lia991n Vee(sat) Simuszuna 0.5-1 Taad Aetiuaziiulainws e

anAsaY Q1 way Q2 mmmqmﬁmsmmzmnwwmmuauwmmﬁu NAUDINITVNUVD

Q1 uaz Q2 NAnugAumIElidnyuzARUAUNY-YARD LI TINDS
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3.3.5 Wauindnauiiained

WaUInIADLIBTINDT TULYINNUALTILTIIUANATENYA NI SINAULTIAUBUNA LA

=i

LLiarﬁfumnﬂéamwwna%mwu%ama%ﬁﬂ'nLwmﬂ%wﬁwawﬁaﬁuﬁuvgmvhﬁu LALAINTE WA

guanfimneimsdamesudazity fendunimisvesinssuageanlusdnuiadnou

(dn 2/

NBIINBSNAMAIBBNYINAY LUE]Q’iﬂﬂ‘UE]'{T’I AnauwIeIsudanesantssadll A8

=l

ANae Aaws 500 - 1000 Sad

Y

gagatilannyauininouiasinesial

U17'1' 3.12 aemswumuwasﬂammaﬂaumasmas

weshugasauinirounoiinoiuanduzu CNV-6 imneinudaneiva 4 &
wyhailagihnssuauazgminszuaaduiudugy luuiaza3anunat Q1 uay Q4 9w
thnssuandouiilua3aniunan wasiflevgatinssua Q2 waz Q3 axthnszuaniouiulu
ANAUMTIED adututuiiGerly dnsarmaheneesiesilidadududsive
aviusadnaunedned sniunssiunnaseuRlnsazild ity Vin - 2veelsat) datuna
voamaharesnasiandautunaillininwe-wa aounedineitues duiifulsey
vienhs Cb wfinaituisafuisendnuindaounedines wwiiuldiussiuiinnasen Q1

waz Q4 vusvemnszuaziiAnyiniu VinVeeq2(sat) uag Vin-Veeg3(sat) amudndiu du

ussfuRiRnATey Q2 uag Q3 vnzmgmiinseuanazild Vin-Veeqli(sat) uaz Vin-Veeqd(sat)
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suaRuLuLREai diulalen D3-D6 vimtnftdurauilwedslalonlviuieas hedasdu

Q1-0Q4 WwWudefusIaNUIAIABULIBSHDS

3.3.6 N15LEBNI935 converter
= o s o al
NM9188N2993 converter MMUNEANAUNISUSEUUALABT AITLHDNIITNY-WaADY

1B51MDF (1995 LM-2577T-ADJ) IN51¢1951E ¥ IALSIAUNYI 99N INITS NN TEAULLT I

' (4 '
=t =

a1 A P o 8 u W i a v o
uatwuvu LW@V\QSEVI'ﬂﬂﬁLL'E\']WULVIN']3aﬂﬂﬂu%ﬂ5ﬂ33ﬂLm7‘LULLUG]Lma'ﬁ

3.4 N199NLUVNATHALANTATUI (LM2577T-ADJ)

Typical Application

100 M 1NSB21

o 9 U0

I 51 Yin 4 | swirch

— 1'.';.4k
= COMP 680 uf
- LM2577-ADJ |

3| GND
0.33 ,uFI

JUT 3.13 2995 Converter Tngldf LM2577T-ADJ

12V @ 800 mA
REGULATED OUTPUT
Vour = 1.23¥ (1 + R1/R2)

msidenld LM2577T-ADJ iilesnnanunsmitluagianasiéine midedeuasiisan
gn uagannsalivsuussiursenlimuusureunneIiFeanIsardause Todmun
ArdeensRsil

WSUU108NYDIAT  (Vout) = 18-21V

6-21LV

1l

WALV (Vin)
AFLLENITY (I load) = 700 mA

m’m?ﬂﬁmu?ﬁm@ummﬁ'mi Switch 999 LM2577 (F) = 52 KHz
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o ¥ at U A a’s
3.4.1 MsAuIMAIRUMUNTYATUANTLIALTIAY
AIMIUAIUNIU R wazR2 IumAldimunLsesu feed back a1nu1aan
nauluda LM2576 wiemuauusesiuwiaen aunsaAuinilianaunis

Vout = Vref[ 1 + (R2/R1)] 1n8i Vref = 1.23 V

R2 = R1 [ (Vout/Vref) - 1]
R2 = R1[(18.00/1.23) -1]
R2 = 13.63R1

HYuAD R2 dasliAutiy 13.63 191@21949 R1 399218 US9fUv199NANUADINTS

weilunfanunsadenldmamuniuunuulsuals weusulsiduieenlaniu@eIng

o ' = ) a = = °
3.4.2 nsAuaAaeh wsenulululasiund vesuealamdeniin

. D(max) (Vingmin) — 0.6V)108 (Vops)

EeT .
52,000 Hz

0.67 X(6—0.6)10°
9 52,000
= 69.58 V us

wendilalumean L 990 Datasheet 1é@a L = 100 uH
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Sl A

0.3 0.350.40.450.5 0.6 0.7 0.80.91.0 %] 2.0

Maximum load current (A)

U7 3.14 psalauduiusan E . T Auanseianisy

)

\519!
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3.4.3 nsidendaiudszguieen

o o

i | ~ o i A
ﬂ'lﬁ')LﬂUU'izﬂm']@@ﬂ LaZATAMUNULIUIVAAINUIBDNITNE pole 9

dominate Tusaunis switch w89 regulator ilrsasaunsavinulaeeaiss Auwinla

AUAUNTT
0.19 X L X Rg % |
Boisr & . c’ LOAD(max)
Vingmin) X Vour

(3.1)

IGH
Colr® Vingmin) X Ao X (Vinmin) + (3.74 % 105 x L))
487,809 5 Vout®
Tneil
Re < 750 X lLoAD(max) ¥ VouT?
ViN(min)2

(3.3)
wag

21A X ViNimi

ILoAD(max) = ’—%‘U‘ITN‘(M
(3.4)
o ¥ 2-1 ><6
INNNSAIUIN LA ) i BT G745
750 %0.7 X182
Re < = 4725
62
o4 2
0.19 X 100 X107~ % x 4725 x 0.7
6 X18
> 581.875 uF

gty Judenld C,uunn 680 uF
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3.4.4 nsidanldaulalon
n1sidenld Catch Diode misidenlaloafivunssuaninnit 1.2 wiveq
nITANIZgean uazmsiiniuTadiinnsuagegaues LM2577 e uenanifesdunsn
yudensdmssiiveanyieaniae overload 1# druiFaausefuduiy lealenfidonaasey
anusavusisnseRugaundulfedates 1.25 winvedussauviingede anunsadentalonla

IMNFnegIdantalamann Datasheet U9 LM2577

Vour Schottky Fast Recovery
(max) 1A 3A 1A 3A
20V 1N5817 1N5820
MBR120P | MBR320P
1N5818 1N5821
30v | MBR130P | MBR330P
11DQ03 31DQ03
1N5819 1N5822
40V | MBR140P | MBR340P
11DQ04 | 31DQO4
MBR150 | MBR350 | 1N4933
50V 11DQ05 | 31DQD5 | MUR105
1N4934 | MR851
100V HER102 | 30DL1
MUR110 | MR831
10DL1 HER302

5U7 3.15 ssunsidentdlelen

3.4.5 miLﬁanﬁmﬁUUssq’uﬂﬁﬁ

= Vo EJ:i ] d‘ d; @ 2/
Fn'iLﬁE]ﬂI’UC‘l?LﬁUUi%@W&JWU’]ﬂIWm‘JWEJ‘V]‘\]SE@]H'WﬂigLWEm‘YJEJ\‘JLﬁ\?WU"U’IL‘UT

Waliusarurindatssnwwenaziniulglusasla
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14

3.5 YlauazLUANETIE1NTAsAUSERLA

wunLnes (Battery) ugunsaifianansaudamdsnuadlindundsnuliiildlaenss
Tasn1sldwadnainin (Galvanic Cell) iUsznaumediuInuazdlaunsauivaIsaza1edian
Inslad (Electrolyte Solution) FalualeIonalsznaumlgaanadniies 1 1waanie
| @M v P =] =1 o W ] ¥ =
wnnhfiladsandugun . duwsdiugiuresuunaneinusenaumediuin 1Iau dans
a 4 ¢ B =l W 0 v o W w P
dninslas (Electrolyte) wazilurunu Wedesnululwiruinuazavdunanulaenss laef
WABELYAAVDALUALMDTHLSINUVNAY 2 V AQUULUALADS 12 V JaUsznauniY 6 wwaananu
LUUBYNSUIgAaNIMNAR1UsTY0gnelundeufeaniasnenndoafladenisreuunn o3l
sl
' =
3.5.1 NSHBUUALABILUUBUNTY
NNsRaLUNMBTHULTLURIMEIgNWaNmaiulngtIvINABL T UTIa UYL MR LU
Tun1srauuyaYNTUANINLAYNAULUMABILUUIAET ksssiulnfinvzviunasIuL sy
TDILUAADIUAaL T Tauanaliluzuind.1 lunsdenunmesiuusynsufinztdiundondsd
ANUAWIL INT1ETwURmeIin Loy TIAnn AN UTEWUUEAN Deep Discharge 161
NENIUURNBIANNREIND

FUSE

+ + + + h Ot
2$\ 2\;\ 2\%\ 2\5\\ 2\;\ 2V in‘jzxer
N R\ P o
]

—b

JU# 3.16 M3IrauuUmADIwUUaUNTY

' =
3.5.2 NM3ADUUALADILUUTUIU

¥y 2 3 v
=l = LT .Y) o o o o ' ot

UUALABIFBLUUYLIULTNAY 28AD4UITIVINTIAUAR DI INAULEZTIAUNINLA

someiulaenussdulninnldvasuunmeiwiazfiveiivunainiu dagun 3.2

FUSE

| | | | | I |

ot o* o* o o o* o
2v 2V 2v 2v 2v 2V v
inverter

Q-
]

—tb

9 9 | |9 9 | |9
| | | | |

JUN 3.17 M3ABLUALABILUUUUY
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fafudiiaudesnisnszuaiiunntuilalneiuunaed 2 gnudomnndaiy
sofuuuuruuUlinsEuafidesmInsAauuameT LUV IUIUMSTISR SIS af U Y Insne
LumseIfisnTusaiuganiaziensaualitumisasdiniesibiiAnaademels
3.5.3 NABLUALABILUUNEY

Wunsthuuveynsuuazwuurwuinsuduililaussiuuaranugiiudusagy

FUSE
! ! !
Q + + + Q{ + +
2V \g\/ 2V \ 2\ 2V \ 2V inlezxy
9 2 N\ | L 4/ B %

SUT1 3.18 NSADUUAABTLULDUNTY- YUY

'
=

nmsudnwunineslusziugaamnssududnuuzanamnssualdianiduiy

uaziivoadeiiiuivieduandon TnevhluudasidudnuusnandeTuuiusenause
nszUIUAIuATIINYsEnouuumne3uddife N s uaT B s ouTiava
wusnoitegnAn Taaflssundnuunneiasiiswazidunvoslasaaiauunineiuinuie
unAfuudazifnusdnUsenouiuguimilauiy

TneilUiSndnuuninedin (Storage Battery) Usznausneiwad 6 wadsomy
wuusynsufslrazmadasdusefu 2 V etneussiuld 12 v fnnandilunisiudoundany
wiludrdedundsuldihianssuansaunineivssandldeuaulnaviodnl ey

£ =

wirannsadUsealiiule Wunsuivanmmaeiilinduganinwsouldanuniiowds

" i v
o w = o o o

Iafaannsaldvguisuldauniuunmeiiuszidananinuuainavinidiuuinyiiain
nzi-nsaldlusosuduazlunisldwasnulnidrseslussuunieg
< o
3.5.4 LUALABIAZNI-NTA

wupnaivianzia-nsaddiudssnavdrdynelu Asguin 3.19 Yseneuluse

-

wiunzmMmdutaun wasavduegluasasarensadarinuseaseniiarsazaedidninglad
iWiolwadiin1s9euszy lanavesdaumesanaisazatedidnlaslanvsiinativuunziuag
UdosBiannsousanumnuneileadiimsuszglnidhluinididnsseudunuannazndu

Whlvlussavanedidninslas wusmesdaiausssulaandfisonaiitiowas I nintule
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NAsAdeuvesdidnaseunislulsasiwaduaaluanasliusisu 2 Taddawaduunmes

ko
as

12 V 34l 6 wadsoiuwuuaynsuadiavuneausigednelunaeaiemiousnnaefild

¥ .
(11) uuMADT

(9)1m

(8) Qﬂﬂ'U‘\‘l‘:’J -

» v (6) MITIEAn
(4) twana -

¥
(2) 1anan

3UM 3.19 1A59a549U0UURADIAEAT - NN

] ot

duusenauvasuuameInyi-nsn Tannelumiunlverauandeiuluduediv

as

P v v oa N b o o a 9 &
Usstamniihllgou uasniseenuuuresndn uiesdawdsyneundniimiiouy Al

L3anvinuisen (Active Material) Tuiwadlnaivuazdsznoumedavinuas
Pavinduiandrseiindudunalviinnnusednaszninetimaes dwiuwunnesvina
ANt UNuEIUINagiiu PhOmwmziIsenlgaddinaauaglulasiunusg Tuvae
Pavezilu Powspzmildmiauuulasawusinguiulioiunuudanse wazfoduds

I a € a ° aaa [V Y] o
senhdiantaslaiduiagyiudisuuazannisnnasueusadusuiiioanandsingnisal
Polarisation
1 % 1 ot A o QlJ

2. 1A5AUEUET9 (Support Grids) TATILHWEN A9FURN 3.20 8vANALNINEND1D
\Ju waas (Antimony) Ayn (Tin) Jauin (Bismuth) waaldes (Calcium) Faen (Selenium)
) ) ) i oo o a - ot wa & 1/
Fanwi-narndulanenauildiviunmesvlinusniteuiul jnauauiavianavesnznilagld
Uszangs 1.5 - 1.8 % wasidud usvibitianadefaiinanudmmndugadiiliinnis

ot g & 2 o ! | [ Y oa e
aeUszRlufianiau warengnisldaudu lussninmsdssalndasibiiianisnedves

wiaiy SbH,nAsAUAIIVIISMIUIN sem-waaidon dualaSouninnin azna-na

Tupsflunusnviliama e deddidonieusuusinnautmniena wuiu
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SE8sE
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’ IEEIEEEEIE [
E!‘alg.g!ﬂ_l !4_
§ s e =
S

= |
U7 3.20 1ASaUsIUEIN

e | Y w P o v oA ) v o w
3. WHUNU (Separator) LHUNUAITUN 3.21 fnthndosdunisduranulaensaves

v

[ 12 17
o ot ot 2 =

{r81dAnsavieans auauTAfivesusufuiy avfosdimudmmunisinavesdoouly
msazanesh dufvingfisiosdianumsulidoourinlfasanuarlivihiuiisefunsanie
wiusgluszuude luttewsniuusuiuaginaintandamanlyl fir way Cederlnptiensls]
ponfow Aeuildeenusssumsudsimmmsuunnnd uilutlegudonldesdoasiz
fidugnqusuioanannssiiBnsudndwoninahdanaolasvielndlofifu witunimedi

9

flognsldendu Wunuameisaeudnislduiunumdunszanvagdumuni

gﬂﬁ 3.21 urlufy (Separator)

4. arsavanedidnlnslay (Electrolyte) ansazatudianinslaniildluluninos

QI} as = é 1 1 o o I:J 1
AENI-NIA Lﬂuﬂiﬂ‘lla"v_"\!iﬂ szmmmmmawwwwumagwﬂismm 1.210 - 1.300 umay

9

Fuegiunisaeniutuazyssinvnsidauuasanimgionnin fldasazarenilaininy
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fadmzinfuluasiiliiAenaidevaigogng wu n1saeuszaluiiouaznisnnsoues
wsiusn uagiisslemidmiugivssmeuanun esnazvilviaaionudeesansazane
ansas UnAdifunummesilinszuaglduiuummeisnsudezldnsniifnnudaedinizge
laiaglimanudsdunegandon uiviunudeeuiiegluasazarefidouiismeiiozin
UFAseluasazansusnainaziinsadayinuideiiansduevuatdeidu waniia wmén
ansny aaslsd Tulnsiausenled Tnefifiusinuuindesariuegiuinsavesiings dudu
dnsaunsate 1xiiansideuuliiiu 0.03665 %

5. wifeuumLAD3 (Container) wilouumao3iianmsinegisreiiosinlsf ui
wsiin wanadn Astegtuiisuyiinainnaiaindman PvC w3oliAlnAlefidu uasus
senutes Tufunmsesnuuulaeimuslinilonsadinusadnauszanm 2 V uazse

AUNTUNY

3 |
as 2 I s =

lunisidentaguuazdesifeniaginurianisianseuveinsauaslifinass
Uffsenluszuy daiudslifeulflansuddmsulununmessaon/snsudaglilaneiuuen
Weanuuausauanulusziliunatadin wunmedmedaiuulazdamuguintuionsiivun

fatemnanuleemgUsuiuansazalemany

W AR
o *;T 'L?.. AN
w030

R &

4
5

i e <.

A, ! o

wuuRnasazans | | wuasseanedldnianslad | | Diia-uanuile

mzﬁ"'.\- & o
oh penY=ULARLTe = AZN=NSALUUIRA ~  Plate Sintered
waumluil
Open Vent Sealed Lead Acid Plate-pocket
Sealed Vent Valve Regultor Lead Acid
Sealed Lead Acid
mzﬁ‘;-unmﬁauluﬂuﬁtuﬂ 111 Absorbed Glass
Mat (AGM) bt
7| Valve Regultor Lead Acid

JUT 3.22 Usslanveauuainaivinnsni-nse
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' ad a o
3.5.5 N1THUAUTENNVRINUALAB IV UANZNI-NTA

wuspesvianei-nsadauaudfiniziunisidaunuenaiuleeniluazdn

=

wualu 3 dnwnuzlngafe
1) WUALABIT08UA (Starting Lighting and lgnition : SLIWukummesAivenuuy
uldiuaudnuaznisaieyszades (Shallow Cycle) Miussuusasudiduaulvguunine’

aaa

winlfiuiumanuanananuiniazavdnwuznseanuuuwuuiliieiiunuin1svid jisen

3 [
- =)

sfimaniiiuivinufitendewadvinliLuamedviaidnenseuageqlutiananduqld
fawililasunisesnuuulndengnisldauuiuiudnensnisaielszguuudn (Deep
Cycle) wummasuuuiagainisthunldfivsyuuiaduaserfingluussmaidaimun i
gramnssuNsHARLUAmeTResslnfaieidlsimudethuumnedvdadunlituszuy
waduasenfindenaldaldtieansUiusyuudassruaidniitinsldanlaiiu 10-20 % oD
sofunazdinluniigaliiiiu 40-60 % DOD

2) wumaeisalnih (Motive Power or Traction Battery)LL‘umma‘%‘ﬁﬁmﬂﬁ%’umﬁ
oonuuudmsunslinuiiinismeysyaunnadulngldlusasudlnihsasnlvianlwilu
aunedkunwetintaziitunanseadissniuvuilitusasudusedialsin

as

dnwuzinanIzvulagnunIunIiagiiminauuuilugausngagline m-weuluil

Il
LY.

deliananmeyszaldnnuuneedviniliuisintufuazimathuldouiussuomad
wasefindognenimaiiosnanuaiunsalunisaieuszguin (Deep Cycle) o1gnasld
NUULAZEENLUUIN IR AINUNIY

3) wuameddmiuszuulndlh (Stationary Battery)uumima3eiaiiinisldau
sthaunivarslussuulniadrses (UPS) titeselniindrseddwiussuupaufiunesszuy

nsfwiuasszuulwihduguuamesdmivszuulwihinasnunsadeiunuuaneisoeuad

uazuumeaI Tl lavazesnuuulRiinsateysEuIn
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3.5.6 YUALUMABITNANLAI-NTA
ﬂﬁ]qﬂ’uﬁLLUmma%ﬁmﬁmmiaxmw%aLLumma"i'“nﬁﬂm:f“ﬁﬂimwﬁma@ﬂmﬁwﬂw
wawriaftaznanaeludifuriaitnminssendldfussuumeduaseniing
Tagagdl 3 wlla Ao n) Wuulinansazaie ( Flooded Lead Acid Battery)
) wuvatsazatedianinglani(VRLA Battery)
a) dniia-uandvu
1) wummasvinngm-wsuilufifuwunaesviansinsauuunifildasuous
Tudl (sb) naufunzMiluniamannisidansueudluinaufunzilunanivdofuastode
dom AomsiiuruLsunIueLunIawanlunnd ldne Asssua

wazyhlvianusoldlunumeyszaanaviandeninsyysouiinuazauiil

@/

MIINITANUTEY

'
= as s

galeilusgnsdniauuumen-uouilulidaindanisuanuaessesarsvinrdjisewinlusiong
mslérunaniuuameuuunzi-ueaduuiielinuluanmundeugamniigs
Todoveaunmoivinngi-ueuludfonsiisninismouszaludiesgauay
MniidesmsmsUssiulesviioudiindutes qdutuaamgiuarsuuaiavesnis
Usziiu wuanedvinnym-woudluddnivaidduiuuiduasazareivosssune
A dundruladmiudaimhunneiuuuiimngautussusaduaserindidosan
AuEnsaluns ey sEannLazauannsalunslisuduudegelsinnunined
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1 a o g a o a @ »
PUAU adﬂﬁﬂﬁmuu’uﬂu%ﬂ:ﬁLla’IWLLUUQUﬂ’]iaG}mmm"UE}QﬂﬂiLG]L!U’]@’Wﬁ]:ﬁIWEJﬂTﬂ‘UDJ’I

)
al el el

YansndurinnsemglUndunson15ee N UULUMMBDININISHANIUAS UA1SAAN8INANUUDN

=

mﬂ%ammﬁmﬂﬂﬁmaamema%umﬁ

o

Talaenisinaua s wnresansazatslnely
lalnsiimeg
wumnesvianei-usuiluduuuimanmiiasnnseenuuuiiniaussdanlnnuds
awgnieglunguuunmeidmivsaliiwsdudnvusnsldnuifesnisdnusaznisae
Useagauarargmsldauu
wunmeivianyi-uaadeuduwunnaieiionsinsauuunilaildasunaidos
(Ca) wanfunsilundamanuiioutuunsi-ueuflufivudeaiunisidaunauuaaidaly

wanazininalssloviuaztoldudrundudan AonisiiuaALLTaLsIvaNunIatNand
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dnsnsaeUsygluiiesmuazannansidaiedailiiinmsgydanihtosaimsiigsowmi

A =l

anaamedeidgvesnisnauwnaienfelnuandinisuseailifluannenaelssaunguay

diodlulgruluannrgamaligaieldaumeyszauinndt 25 % DOD vseqegn1sldanu

v
s

LAUANI3 B

o wunwsIviangia-uanidiE Open Ventuunwmoiviniindnegluviald
dwsuszuulwihdulvgudresiinuagnay 2 hadlianugwatsvuiauazainiia 1000
wosui-FluauumaeivinifidefiifisninismeUssymedauesiuagiinisgy doines
waraaiiongnisldids 20 Ydldlulwualvihdrsesdmsunisussendldivssuuivad
waseiinddaiiusraumsallinnninidessntiymizesdngnisaidamdunazusingnisal

wUaturRIaNsazane (Stratification)

o Lunmaiulnnsii-uaaien Sealed Ventniswamuumaed viini
Sudulide Maintenance Free ldusasudiiniualudae 50 wouudi-ialuafls 200
nasuUi-1lusnunn 12 V wasiinuaudRmilouduuunnedviansiupaidousssuaifony
remsUsziuanmndeNgumaliamazn1sinludnunznIsAeUTEININATLNLY
veenshifinstngesnwifemshifeaiininduisinaronignisifuesuunneisniums
ponuUULUAmRIEin1sdsasansaidninslariieliuunmeivhenildnaoneignislde
wumppiwiaifimaiulifussulsafwadunndngussouililudussuuuasadios
doaselasedelunsuszquiteliliuszanBamuesuunnoigeanuazeguuiigaiausiows
smgnuAkUnreIsiatlfsunmssenuuudmiunsaeUszqtios(Shallow Cycle) wagawdl

L3

g1gnstdauuiiahunldiussuuaduataniing

1%
o a o

o wuawmeiriinnzda-ueuiludumadenleviaiunneieiaidingas
Lﬂu%ﬁﬂl,ﬁmﬁ']ﬂé"uﬁﬂmwﬁq 200 wouuUi-TluadnungnsoanuuUTidAnUeLUALAES
yinddonslingi-unadomduniawuvursluinuanuagling fr-uoudludludtaunis
panuuuiilisudeiveaiunneiassiinfediussansnmainmsneuszaunniinisgn de
‘LJg’IﬁEJEJLLaSEl’lqﬂ’lﬂ,“i’f%’lUUWUﬂEW’IU‘S’Iﬂ{_]ﬂ’IEEﬁ‘HaLW‘i'fuLLaSﬂ'i“mgm'iﬂjLLﬂd%wumﬁvaﬁBﬁ’]
ﬁamtaxmqmﬂ’fi'dmmu{]zy,mﬂﬁﬂgﬂ'lmj‘?faLWﬁmLasU5'1ﬂ§]ﬂ"|‘i€ﬂi,tﬂ¢’??u’uada’liaxa’lEJ
Fansdoguunnodvliniimsianldruiussuuwaduaorindluszuvmunelug

2) wwnmedulin Captive Electrolyte Lead-Acd (VRLAW3UT 3.23 1Ty

LUALIDIALNI-NTA 5n‘dﬁwﬁqimaawﬁLﬁnimlaﬁ%gﬂ%uiuﬁlasﬁ (Immobilized) wazln

ndnlunvuzussadiinanigyseaiutesssuisanimzialagusidueinianielu fagy
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# 3.24 wustnaidulugualvzienuusninaiutiail

1 Valve Regulated Lead-Acid (VRLA)

2 £
YY) =Y
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uni 4
gasnusuaznisideulusinsy

4.1 Flow Chart

PORT(MCP3208 CH0O=V1,CH1=V2,CH2=V3)

Read_analog (I) = CH3-CH4

4

vl=valuel/32.76;
v2=value2/32.76;
v3=value3/32.76;

V2>14 'V -
V2<14 V

LCD : Charging

?

Pluse(TimerQ)

LCD : Low input

output_high(C0); delay_ms(1000);
output_low(PIN_CO0);

v3>8 and v3<=14
v3<=8

MEDIUM

i |

END PROCESS

EMPTY
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Flow Charge wanidunaunisvinauveslusunsuildlululasnaulnsatass oy

Amualy MCP3208 Port CHO = V1 = usasufiiduAiourdenainmesludidnnsa , Port
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ATBUNEDNIINUUALADS LazuaninavaIrnszualnels Port CH3-CHA
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msgalszuunnesitnlulugures Pulse(Timer0) lay ussiumeanigefignazianinumiiag

1281 1000 ms wazisaurieaniisnigaasdinnumiiaial 1000 ms wazdndeulunils Ao
Houssiumnin 14 Than azianialune LCD 11995dussdulwitnliiiieaws (Low input)
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Tutas 8 Taad ustiasnimsawindy 14 1as azuaninan1eae LCD 31 “MEDIUM” wasiilol
usefuLInnga 14 1aad avuanaraniaas LCD 31 “FULL” waslu 2 nsdliaviinasidanssua
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4.2 TUsn5uN1E1 C MIguasby Microcontroller

#include <16f877a.h>

#fuses HS,NOWDT,NOPROTECT
#use delay(clock=10000000)
#include <MCP3208.c>
#include <LCD.c>

unsigned int tick=0;

intl check=0;

#INT_TIMERO void Timer0_ISR()

tick++;

if(tick>37&&check==1)

{
output_toggle(PIN_C2);
tick=0;

}

if(tick>37&&check==0)

{
output_low(PIN_C2);
tick=0;

void main(void)

{

unsigned long int adc_v;
unsigned int a,b,c,d,e,f,g,h,i,jk;
enable_interrupts(GLOBAL);
enable_interrupts(INT_TIMERQ);
setup_timer_O(RTCC_INTERNAL|RTCC_DIV_256);
set_timer0(0);

set_tris_c(0x00);
set_tris_d(0x00);

// set_tris_b(0x02);
output_d(0x00);
output_b(0x00);

adc_init();

lcd_init();

for(;;)
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led_putc("\f");
adc_v=read_analog(0);
adc_v=(adc_v/32.76)-50;
a=adc_v/100;

b=adc_v%100;
printf(lcd_putc,"Vp=%d.%dV",a,b);
delay_us(10);
adc_v=read_analog(1);
adc_v=(adc_v/32.76)-50;
c=adc_v/100;

d=adc_v%100;
printf(lcd_putc,"\nVbs=%d.%dV.",c,d);
delay_us(10);
adc_v=read_analog(2);
adc_v=(adc_v/32.76)-50;
e=adc_v/100;

f=adc_v%100;

if(c>=10) { printf(lcd_putc,"CH");
delay_us(10); check=1;

}

else if (c<10)

{
printf(led_putc,"LIP");
delay_us(10);
check=0;

1

delay_ms(1000);
lcd_pute("™\f");
adc_v=read_analog(2);
adc_v=(adc_v/32.76)-50;
e=adc_v/100;
f=adc_v%100;
printf(lcd_putc,"Vbat=%d.%dV." e,f);
delay_us(10);
adc_v=read_analog(3);
adc_v=(adc_v/32.76)-50;
g=adc_v;

delay_us(10);
adc_v=read_analog(4);
adc_v=(adc_v/32.76)-50;
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h=adc_v;

delay_us(10);

i=(h-g)/0.5;

i=i;

printf(lcd_putc,"\nl=%dmA ",j);

if(e<=8)

{
printf(lcd_putc,"Empty");
delay_us(10);

}

else if (e>8&&e<=14)

{
printf(led_putc,"Medium");
delay_us(10);

}

else if (e>14)

{
printf(lcd_putc,"Full");
delay_us(10);

}

delay_ms(1000);
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Uwﬁ 5
ANIVAADILLASANANIIVING DN

5.1 msnasauquanimlniiveanesudiannsalunsalliiiivan ( Open circuit)
Isc (max) AMNasuBLany3n = 300mA

Vin (max) 31nvasludlanysa 11182935 Boost converter = 3.6 V

Vout (max) 91N7935 Boost converter = 18.13 V

Vin (min) 91nmasludiannia 1hd1993 Boost converter = 3.3 V

Vout (min) 1174995 Boost converter = 17.98 V

P(max) 91174995 Boost converter = 5.4 W

atey = = d
5.2 MmsvadauguanUAninihvesmesTudianuialunsdindiivan

Voltage (V) Current (mA) Power (mW)

0 292 0
0.78 235 183.3
1.2 178 250.98
2.5, 148 371.48
3.01 114 343.14
3.2 86 268.32
25 60 195
32 27 89.64
8,53 0 0

A15197 5.1 A5 HUARIRANIINAaDILAIIBLSIRUIINWasludlanySndleilvan
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UNN 6

A7UNaN1INAaDs
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6.2 Microcontroller
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2995uUaasEAuULs Il ( Boost Converter) LM 2577

Vin(min) = 3.30 V Vout = 18.00 V
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100uH
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UMM Schematic 9892995 Microcontroller
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@ MOTOROLA

Easy Switcher™ 3.0 A
Step-Down Voltage Regulator

The LM2576 series of regulators are monolithic integrated circuits ideally
suited for easy and convenient design of a step—down switching regulator
(buck converter). All circuits of this series are capable of driving a 3.0 A load
with excellent line and load regulation. These devices are available in fixed
output voltages of 3.3 V, 5.0 V, 12 V, 15V, and an adjustable output version.

These regulators were designed to minimize the number of external
components to simplify the power supply design. Standard series of
inductors optimized for use with the LM2576 are offered by several different
inductor manufacturers.

Since the LM2576 converter is a switch—mode power supply, its efficiency
is significantly higher in comparison with popular three-terminal linear
regulators, especially with higher input voltages. In many cases, the power
dissipated is so low that no heatsink is required or its size could be reduced
dramatically.

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.

The LM2576 features include a guaranteed *4% tolerance on output
voltage within specified input voltages and output load conditions, and £10%
on the oscillator frequency (+2% over 0°C to 125°C). External shutdown is
included, featuring 80 pA (typical) standby current. The output switch
includes cycle-by—cycle current limiting, as well as thermal shutdown for full
protection under fault conditions.

Features

e 33V, 50V, 12V, 15V, and Adjustable Output Versions

e Adjustable Version Output Voltage Range, 1.23 to 37 V £4% Maximum
Over Line and Load Conditions

e Guaranteed 3.0 A Output Current

® Wide Input Voltage Range

® Requires Only 4 External Components

® 52 kHz Fixed Frequency Internal Oscillator

e TTL Shutdown Capability, Low Power Standby Mode
® High Efficiency

e Uses Readily Available Standard Inductors

® Thermal Shutdown and Current Limit Protection

Applications

Simple High—Efficiency Step—Down (Buck) Regulator
Efficient Pre—Regulator for Linear Regulators
On-Card Switching Regulators

Positive to Negative Converter (Buck—Boost)
Negative Step-Up Converters

Power Supply for Battery Chargers

Order this document by LM2576/D

LM2576

EASY SWITCHER™
3.0 A STEP-DOWN
VOLTAGE REGULATOR

SEMICONDUCTOR
TECHNICAL DATA

T SUFFIX
PLASTIC PACKAGE
CASE 314D
Pin 1. Vig
2. Output
3. Ground
4.
B

Feedback
ON/OFF

TV SUFFIX
PLASTIC PACKAGE
CASE 314B

Heatsink surface
connected to Pin 3.

D2T SUFFIX
PLASTIC PACKAGE
CASE 936A 1
(D2PAK) 5

Heatsink surface (shown as terminal 6 in case outline
drawing) is connected to Pin 3.

DEVICE TYPE/NOMINAL OUTPUT VOLTAGE

LM2576-3.3 3.3V
LM2576-5 50V
LM2576-12 12V
LM2576-15 15V
LM2576-ADJ 123 Vto 37V

ORDERING INFORMATION

Operating

Device Temperature Range Package
LM2576T-XX Straight Lead
LM2576 TV-XX |T, = -40° to +125°C|Vertical Mount

LM2576D2T-XX Surface Mount|

@© Motorola, Inc. 1999

XX = Voltage Option, i.e. 3.3, 5, 12, 15 V; and ADJ for
Adjustable Output.

Rev 1, 07/1999
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Figure 1. Block Diagram and Typical Application

Typical Application (Fixed Output Voltage Versions)
| " Feedback
7.0V-40V Ve | |4 L1
Unregulated OT& LM2576 | - 100 pH
DC Input ulpu o 5.0V Regulated
! D1 Output 3.0 A Load

.
Cin L+
L 2
100uFI 3§nd 50 ON/OFF 1N5822+:f$€55 F
| 7 T L 8

Representative Block Diagram and Typical Application

lf_ ______________________ i
Ji==
Unregulated *Vin| 3.1 Vinternal ] ON/OFF out
: '} ONIOFF 4‘-0—‘\ utput R2
OC Input© l 1 Regulator |'s Voltage Versions (Q)
Cin 7+ | l | = 33V 17k
I 4 | | 50V 31k
=R I 12V 8.84 k
| Current +j— | L ias
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| | Band-Gap | [ 52kHz Resal | [ Thermal P g T \"
| | Reference Oscillator i Shutdown | 1 = = Load
Bt/ L 1202CC A =N F VYVL.  \ ¥ = / _
&

ABSOLUTE MAXIMUM RATINGS (Absolute Maximum Ratings indicate limits beyond
which damage to the device may occur.)

Rating Symbol Value Unit
Maximum Supply Voltage Vin 45 Vv
ON/OFF Pin Input Voltage - -0.3V <V <+, \
Output Voltage to Ground (Steady—State) - ~1.0 Vv
Power Dissipation
Case 314B and 314D (TO-220, 5-Lead) Pp Internally Limited w
Thermal Resistance, Junction—to—Ambient RgJa 65 °CIW
Thermal Resistance, Junction—to-Case Rauc 5.0 °CIW
Case 936A (D2PAK) Pp Internally Limited w
Thermal Resistance, Junction-to—Ambient ReJa 70 °CIW
Thermal Resistance, Junction-to-Case ReJc 5.0 °CIW
Storage Temperature Range Tstg -65 to +150 °C
Minimum ESD Rating (Human Body Model: = 2.0 kV
C =100 pF, R=1.5kQ)
Lead Temperature (Soldering, 10 seconds) = 260 {5}
Maximum Junction Temperature Ty 150 °C

NOTE: ESD data available upon request.

2 MOTOROLA ANALOG IC DEVICE DATA
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OPERATING RATINGS (Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed
specifications and test conditions, see the Electrical Characteristics.)

Rating Symbol Value Unit
Operating Junction Temperature Range -40 to +125 °C
Supply Voltage Vin 40 \%

SYSTEM PARAMETERS ([Note 1] Test Circuit Figure 15)

ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vin = 12 V for the 3.3 V, 5.0 V, and Adjustable version, Vi, = 25 V for
the 12 V version, and Vi, = 30 V for the 15 V version. || gad = 500 mA. For typical values Tj = 25°C, for min/max values T is the operating
junction temperature range that applies [Note 2], unless otherwise noted.)

Characteristics Symbol Min Typ Max 1 Unit ‘
LM2576-3.3 ([Note 1] Test Circuit Figure 15)
Output Voltage (Vi =12V, | gad = 0.5 A, T = 25°C) Vout 3.234 33 3.366 \
Output Voltage (6.0 V € Vin €40V, 0.5 A <l gad < 3.0 A) Vout Y%
Ty=25°C 3.168 3.3 3.432
Ty =-40to +125°C 3135 - 3.465
Efficiency (Vin =12V, I gad = 3.0 A) n - 75 - %
LM2576-5 ([Note 1] Test Circuit Figure 15)
Qutput Voltage (Vin =12V, I pad = 0.5 A, Tj = 25°C) Vout 4.9 5.0 5.1
QOutput Voltage (8.0 V <Vjn <40V, 0.5A <] gad £3.0A) Vout
Ty=25C 4.8 5.0 5.2
Ty=-40to +125°C 4,75 e 5.25
Efficiency (Vin =12V, I pad = 3.0 A) n = 77 = %
LM2576-12 ([Note 1] Test Circuit Figure 15)
Output Voltage (Vin =25V, I gad = 0.5 A, Ty = 25°C) Vout 11.76 12 12.24 %
Output Voltage (15V < Vi, <40V, 05 A<l gad £3.0A) Vout "
Ty=25°C 11.52 12 12.48
Ty =-40to+125°C 11.4 - 126
Efficiency (Vin =15V, I pad = 3.0 A) n - 88 - %
LM2576—-15 ([Note 1] Test Circuit Figure 15)
Output Voltage (Vin =30V, I pad = 0.5 A, Tj = 25°C) Vout 14.7 15 15.3 \
Output Voltage (18 V< Vi <40V, 0.5A <l gad £ 3.0 A) Vout V
Ty =25°C 14.4 15 15.6
Ty =-40to +125°C 14.25 - 15.76
Efficiency (Vin = 18 V, I gad = 3.0 A) n - 88 - %
LM2576 ADJUSTABLE VERSION ([Note 1] Test Circuit Figure 15)
Feedback Voltage (Vin = 12 V, ILgad = 0.5 A, Vgut = 5.0V, Tj = 25°C) Vout 1,24 1.23 1.243 vV
Feedback Voltage (8.0V < Vjp <40V, 0.5 A<l gad S3.0A, Vout =5.0V) Vout
Ty=25C 1.193 1.23 1.267
Ty =-40to +125°C 1.18 - 1.28
Efficiency (Vin =12V, lLoad = 3.0 A, Vout =5.0V) l - 77 - %

NOTES: 1. External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance. When the

LM2576 is used as shown in the Figure 15 test circuit, system performance will be as shown in system parameters section.
Thigh =+125°C

2. Tested junction temperature range for the LM2576:

Tiow =—40°C

MOTOROLA ANALOG IC DEVICE DATA
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DEVICE PARAMETERS

ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vi = 12 V for the 3.3 V, 5.0 V, and Adjustable version, Vi = 25 V for
the 12 V version, and Vi = 30 V for the 15 V version. || gad = 500 mA. For typical values Tj = 25°C, for min/max values T is the operating
junction temperature range that applies [Note 2], unless otherwise noted.)

Characteristics Symbol Min Typ Max l Unit |
ALL OUTPUT VOLTAGE VERSIONS
Feedback Bias Current (Vgut = 5.0 V [Adjustable Version Only]) Ip nA
T)=25°C - 25 100
TJ=-40to+125°C - - 200
Oscillator Frequency [Note 3] fosc kHz
Ty=25°C - 52 -
Ty=0to+125°C 47 - 58
Ty =-40to +125°C 42 - 63
Saturation Voltage (loyt = 3.0 A [Note 4]) Vsat \
Ty =25°C - 1.5 1.8
Ty =-40to +125°C iy — 20
Max Duty Cycle (“on") [Note 5] DC 94 98 - %
Current Limit (Peak Current [Notes 3 and 4]) lcL A
Ty =25°C 4.2 58 6.9
Ty =-40to +125°C 3.5 - 7.5
Qutput Leakage Current [Notes 6 and 7], Tj = 25°C IL mA
Output =0V - 0.8 2.0
Output =-1.0V - 6.0 20
Quiescent Current [Note 6] o) mA
Ty=25°C - 5.0 9.0
Ty =-40to+125°C - - 1
Standby Quiescent Current (ON/OFF Pin = 5.0 V (“off")) Istby | pA
TJ=25°C - 80 200
Ty=-40to +125°C - - 400
ON/OFF Pin Logic Input Level (Test Circuit Figure 15) v
Vout=0V ViH
Ty =25°C 2.2 1.4 -
Ty=-40to +125°C 2.4 - -
Vout = Nominal Output Voltage VIL
Ty =25°C - 2 1.0
TJ=-40to +125°C L - 0.8
ON/OFF Pin Input Current (Test Circuit Figure 15) UA
ON/OFF Pin = 5.0 V (“off"), Ty = 25°C IIH - 15 30
ON/OFF Pin=0V (“on”), Ty = 25°C I - 0 5.0

NOTES: 3. The oscillator frequency reduces to approximately 18 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 dissipation of the IC by lowering the
minimum duty cycle from 5% down to approximately 2%.
4, Output (Pin 2) sourcing current. No diode, inductor or capacitor connected to output pin.
5. Feedback (Pin 4) removed from output and connected to 0 V.
6. Feedback (Pin 4) removed from output and connected to +12 V for the Adjustable, 3.3 V, and 5.0 V versions, and +25 V for the 12V and 15V
versions, to force the output transistor "off".

7.Vin =40 V.
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TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 15)

Figure 2. Normalized Output Voltage

Figure 3. Line Regulation
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NORMALIZED FREQUENCY (%)

LM2576

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 15)

Figure 8. Standby Quiescent Current
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TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 15)

Figure 13. Switching Waveforms
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Figure 15. Typical Test Circuit
Fixed Output Voltage Versions
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Where Vref=1.23 V, R1
between 1.0 k and 5.0 k

PCB LAYOUT GUIDELINES

As in any switching regulator, the layout of the printed
circuit board is very important. Rapidly switching currents
associated with wiring inductance, stray capacitance and
parasitic inductance of the printed circuit board traces can
generate voltage transients which can generate
electromagnetic interferences (EMI) and affect the desired
operation. As indicated in the Figure 15, to minimize
inductance and ground loops, the length of the leads
indicated by heavy lines should be kept as short as possible.

For best results, single—point grounding (as indicated) or
ground plane construction should be used.

On the other hand, the PCB area connected to the Pin 2
(emitter of the internal switch) of the LM2576 should be kept
to a minimum in order to minimize coupling to sensitive
circuitry.

Another sensitive part of the circuit is the feedback. It is
important to keep the sensitive feedback wiring short. To
assure this, physically locate the programming resistors near
to the regulator, when using the adjustable version of the
LM2576 regulator.
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Procedure (Fixed Output Voltage Version) In order to simplify the switching regulator design, a step-by-step
design procedure and some examples are provided.

Procedure

Example

Given Parameters:

Vaut = Regulated Output Voltage (3.3 V, 5.0V, 12V or 15 V)
Vin(max) = Maximum Input Voltage
ILoad(max) = Maximum Load Current

Given Parameters:

Vou[ =50V
Vin(max) = 15V
ILoad(max) = 3.0 A

. Controller IC Selection

According to the required input voltage, output voltage and
current, select the appropriate type of the contreller IC output
voltage version.

. Controller IC Selection

According to the required input voltage, output voltage, current
polarity and current value, use the LM2576-5 controller IC

2. Input Capacitor Selection (Cjp) . Input Capacitor Selection (Cj,)
To prevent large voltage transients from appearing at the input A 100 pF, 25 V aluminium electrolytic capacitor located near to
and for stable operation of the converter, an aluminium or the input and ground pins provides sufficient bypassing.
tantalum electrolytic bypass capacitor is needed between the
input pin +Vjy and ground pin Gnd. This capacitor should be
located close to the IC using short leads. This capacitor should
have a low ESR (Equivalent Series Resistance) value.
3. Catch Diode Selection (D1) . Catch Diode Selection (D1)
A. Since the diode maximum peak current exceeds the A. For this example the current rating of the diode is 3.0 A.
regulator maximum load current the catch diode current
rating must be at least 1.2 times greater than the maximum
load current. For a robust design the diode should have a
current rating equal to the maximum current limit of the
LM2576 to be able to withstand a continuous output short
B. The reverse voltage rating of the diode should be at least B. Use a 20 V 1N5820 Schottky diode, or any of the suggested
1.25 times the maximum input voltage. fast recovery diodes shown in Table 1.
4. Inductor Selection (L1) . Inductor Selection (L1)

A. According to the required working conditions, select the
correct inductor value using the selection guide from
Figures 18 to 22.

B. From the appropriate inductor selection guide, identify the
inductance region intersected by the Maximum Input
Voltage line and the Maximum Load Current line. Each
region is identified by an inductance value and an inductor
code.

C. Select an appropriate inductor from the several different
manufacturers part numbers listed in Table 2.

The designer must realize that the inductor current rating
must be higher than the maximum peak current flowing
through the inductor. This maximum peak current can be
calculated as follows:

(Vin_vout) ton

Ip(ma)-:) = L oad(max) * IR
where tgp, is the “on” time of the power switch and
oo Vout x 1.0
on oy, f
in 0oscC

For additional information about the inductor, see the
inductor section in the “"Application Hints" section of
this data sheet.

A. Use the inductor selection guide shown in Figures 19.

B. From the selection guide, the inductance area intersected
by the 15 V line and 3.0 A line is L100.

C. Inductor value required is 100 uH. From Table 2, choose
an inducteor from any of the listed manufacturers.

10
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Procedure (Fixed Output Voltage Version) (continued)In order to simplify the switching regulator design, a step—by-step

design procedure and some examples are provided.

Procedure

Example

5. Output Capacitor Selection (Coyt)

A. Since the LM2576 is a forward—-mode switching regulator
with voltage mode control, its open loop 2—pole-1-zero
frequency characteristic has the dominant pole—pair
determined by the output capacitor and inductor values. For
stable operation and an acceptable ripple voltage,
(approximately 1% of the output voltage) a value between
680 puF and 2000 pF is recommended.

B. Due to the fact that the higher voltage electrolytic capacitors
generally have lower ESR (Equivalent Series Resistance)
numbers, the output capacitor's voltage rating should be at
least 1.5 times greater than the output voltage. Fora 5.0 V
regulator, a rating at least 8.0 V is appropriate, and a 10 V or
16 V rating is recommended.

5. Output Capacitor Selection (Cgut)
A. Cqyt = 680 uF to 2000 pF standard aluminium electrolytic.

B. Capacitor voltage rating = 20 V.

Procedure (Adjustable Output Version: LM2576-ADJ)

Procedure

Example

Given Parameters:
Vout = Regulated Output Voltage
Vin(max) = Maximum DC Input Voltage
ILoad(max) = Maximum Load Current

Given Parameters:
Vout =8.0 V
Vin(max) = 256V
ILoad(max) = 2.5 A

1. Programming Output Voltage
To select the right programming resistor R1 and R2 value (see
Figure 2) use the following formula:

R2
Vout = Vref (1-0 + m) where Vpgf = 1.23 V

Resistor R1 can be between 1.0 k and 5.0 k€. (For best
temperature coefficient and stability with time, use 1% metal

film resistors).
vV
R2 = R1(VLut = 1.0)
ref

1. Programming Output Voltage (selecting R1 and R2)
Select R1 and R2:

Vout = 1-23(1-0 ;= %) Select R1 = 1.8 k2

v
\y out a 8OV
R2 = R1(_Vref 1.0) =18 k(1.23 < 1.0)

R2 = 9.91 kQ, choose a 9.88 k metal film resistor.

2. Input Capacitor Selection (Cjp)
To prevent large voltage transients from appearing at the input
and for stable operation of the converter, an aluminium or
tantalum electrolytic bypass capacitor is needed between the
input pin +Vjn and ground pin Gnd This capacitor should be
located close to the IC using short leads. This capacitor should
have a low ESR (Equivalent Series Resistance) value.

For additional information see input capacitor section in the
“Application Hints" section of this data sheet.

2. Input Capacitor Selection (Cjp)
A 100 pF, 150 V aluminium electrolytic capacitor located near
the input and ground pin provides sufficient bypassing.

3. Catch Diode Selection (D1)

A. Since the diode maximum peak current exceeds the
regulator maximum load current the catch diode current
rating must be at least 1.2 times greater than the maximum
load current. For a robust design, the diode should have a
current rating equal to the maximum current limit of the
LM2576 to be able to withstand a continuous output short.

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 3.0 A current rating is adequate.

B.Use a 30 V 1N5821 Schottky diode or any
suggested fast recovery diode in the Table 1.

MOTOROLA ANALOG IC DEVICE DATA
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LM2576
Procedure (Adjustable Output Version: LM2576-ADJ) (continued)

Procedure

Example

4. Inductor Selection (L1)
A. Use the following formula to calculate the inductor Volt x
microsecond [V x us] constant:

)Vout . 108
out) V, * FlHiz]

ExT:(v v IV x ps]

in

B. Match the calculated E x T value with the corresponding
number on the vertical axis of the Inductor Value Selection
Guide shown in Figure 22. This E x 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.

C. Next step is to identify the inductance region intersected by
the E x T value and the maximum load current value on the
horizontal axis shown in Figure 25,

D. From the inductor code, identify the inductor value. Then
select an appropriate inductor from Table 2.

The inductor chosen must be rated for a switching
frequency of 52 kHz and for a current rating of 1.15 x I|_gad.
The inductor current rating can also be determined by
calculating the inductor peak current:

(Vin B Vout) ton

Ip(max) = ILoaad(max) = oL

where tgp is the “on” time of the power switch and
Vv
=, 10
tOI"I = _out L
an 1-{'JSC:
For additional information about the inductor, see the

inductor section in the “External Components” section of
this data sheet.

4. Inductor Selection (L1)
A. Calculate E x T [V x pus] constant:

- _ 8.0 , 1000 _
ExT=(25 8.0))(25 X 5 80 [V x us]

B.ExT=80[Vxus]

C. ILcad(max) =25A
Inductance Region = H150

D. Proper inducter value = 150 pH
Choose the inductor from Table 2.

5. Output Capacitor Selection (Cgyt)

A. Since the LM2576 is a forward—-mode switching regulator
with voltage mode control, its open loop 2—pole-1-zero
frequency characteristic has the dominant pole—pair
determined by the output capacitor and inductor values.

For stable operation, the capacitor must satisfy the

following requirement:

V.

5 in(max)

Cout 13,300 V—out X L [iH] [UF]

B. Capacitor values between 10 pF and 2000 pF will satisfy
the loop requirements for stable operation. To achieve an
acceptable output ripple voltage and transient response, the
output capacitor may need to be several times larger than
the above formula yields.

C. Due to the fact that the higher voltage electrolytic capacitors
generally have lower ESR (Equivalent Series Resistance)
numbers, the output capacitor's voltage rating should be at
least 1.5 times greater than the output voltage. Fora 5.0 V
regulator, a rating of at least 8.0 V is appropriate, and a 10 V
or 16 V rating is recommended.

5. Output Capacitor Selection (Cgyt)

A.

)1 2130300 1122

ol 8% 150 - 3325 pF

To achieve an acceptable ripple voltage, select
Cout = 680 UF electrolytic capacitor.

12
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MICROCHIP MCP3204I3208

2.7V 4-Channel/8-Channel 12-Bit A/D Converters
with SPI® Serial Interface

FEATURES PACKAGE TYPES
+ 12-bit resolution PDIP, SOIC, TSSOP
+ +1LSB max DNL v
cHoO 1 14

+ £ 1LSB max INL (MCP3204/3208-B) . oy
- % 2 LSB max INL (MCP3204/3208-C) cH203s = 12P AGND
+ 4 (MCP3204) or 8 (MCP3208) input channels cH3C4 8 11QCLK
+ Analog inputs programmable as single-ended or NCO5 B 100 Dyyr

pseudo differential pairs NCOe * 90Dy
- On-chip sample and hold benogr 8[ CS/SHDN
+ SPI® serial interface (modes 0,0 and 1,1)
+ Single supply operation: 2.7V - 5.5V
+ 100ksps max. sampling rate at Vg = 5V PDIP, SOIC
+ 50ksps max. sampling rate at Vp = 2.7V
+ Low power CMOS technology cHoO1 ™~ 161V,

- 500 nA typical standby current, 2uA max. CH1 g2 158 Vier

- 400 pA max. active current at 5V g:i Ei % 1;3AGND
+ Industrial temp range: -40°C to +85°C CH4 Es 3 12? gLK
+ Available in PDIP, SOIC and TSSOP packages Al § N D::n

CHS6 7 100 CS/SHDN
APPLICATIONS OO |
+ Sensor Interface
+ Process Control
. Data Acquisition FUNCTIONAL BLOCK DIAGRAM
+ Battery Operated Systems
Voo Vs

DESCRIPTION Vigr 1/]
The Microchip Technology Inc. MCP3204/3208 Qo  — 1 &7 _;
devices are successive approximation 12-bit Ana- CH1 Input
log-to-Digital (A/D) Converters with on-board sample — N |
and hold circuitry. The MCP3204 is programmable to cH7* |
provide two pseudo-differential input pairs or four sin- | ) & |
gle-ended inputs. The MCP3208 is programmable to | Sample 12-Bit SAR | |
provide four pseudo-differential input pairs or eight sin- and
gle-ended inputs. Differential Nonlinearity (DNL) is l Fhl l
specified at +1 LSB, and Integral Nonlinearity (INL) is | T T Shift [
offered in +1LSB (MCP3204/3208-B) and +2 LSB [ onraRogie Register | |
(MCP3204/3208-C) versions. Communication with the b= == ?_ _ _f_ _T_ = + = o
devices is done using a simple serial interface compat- TSISHDN D,  CLK o
ible with the SPI protocol. The devices are capable of
conversion rates of up to 100ksps. The MCP3204/3208 *Note: Channels 5-7 available on MCP3208 Only

devices operate over a broad voltage range (2.7V -
5.5V). Low current design permits operation with typi-
cal standby and active currents of only 500nA and
320uA, respectively. The MCP3204 is offered in 14-pin
PDIP, 150mil SOIC and TSSOP packages, and the
MCP3208 is offered in 16-pin PDIP and SOIC pack-
ages.

© 1999 Microchip Technology Inc. Preliminary DS21298B-page 1



MCP3204/3208

1.0 ELECTRICAL
CHARACTERISTICS
1.1 Maximum Ratings*

e T~ SN PRE SN~ WPl 7.0V
All inputs and outputs w.rt. Vgg...... -0.6V to Vp, +0.6V
Storage temperature ........coecveervenenne -65°C to +150°C
Ambient temp. with power applied......-65°C to +125°C
Soldering temperature of leads (10 seconds) .. +300°C
ESD protection on all pins.......ccocviviiiiiiiicninns > 4kV

*Notice: Stresses above those listed under “Maximum Ratings” may
cause permanent damage to the device. This is a stress rating only and
functional operation of the device at those or any other conditions
above those indicated in the operational listings of this specification is
not implied. Exposure to maximum rating conditions for extended peri-
ods may affect device reliability.

ELECTRICAL CHARACTERISTICS

PIN FUNCTION TABLE

NAME FUNCTION
Voo +2.7V to 5.5V Power Supply
DGND Digital Ground
AGND Analog Ground
CHO0-CH7 Analog Inputs
CLK Serial Clock
D Serial Data In
Dour Serial Data Out
CS/SHDN Chip Select/Shutdown Input
Vieer Reference Voltage Input

fork = 20*fgampLe: UNless otherwise noted.

All parameters apply at Vpp = 5V, Vg = 0V, Viger = 5V, Taye = -40°C to +85°C, fgaype = 100ksps and

PARAMETER | symoL | min. | Tvp. | max. |unrTs | CONDITIONS
Conversion Rate
Conversion Time Tscis 12 clock
cycles
Analog Input Sample Time tsampLe 1.5 clock
cycles
Throughput Rate fsampLE 100 ksps |Vpp = Vger =5V
50 ksps | Vpyp = Vger = 2.7V
DC Accuracy
Resolution i bits
Integral Nonlinearity INL +0.75 e LSB |MCP3204/3208-B
+1 +2 MCP3204/3208-C
Differential Nonlinearity DNL £0.5 +1 LSB | No missing codes over
temperature
Offset Error +1.25 +3 LSB
Gain Error £1.25 £5 LSB
Dynamic Performance )
Total Harmonic Distortion -82 dB [VIN=0.1V to 4.9V@1kHz
Signal to Noise and Distortion 72 dB |VIN=0.1V to 4.9V@1kHz
(SINAD)
Spurious Free Dynamic 86 dB |VIN=0.1V to 4.9V@1kHz
Range
Reference Input
Voltage Range 0.25 Voo \ Note 2
Current Drain 100 150 MA |
0.001 3 HA | CS =V =5V
Analog Inputs
Input Voltage Range for Vs Vrer vV
CHO-CH7 in Single-Ended
Mode
Input Voltage Range for IN+ In IN- VigertIN-
pseudo-differential Mode
Input Voltage Range for IN-In Vgg-100 Vgg+100 mV
pseudo-differential Mode
Leakage Current 0.001 31 HA
DS21298B-page 2 Preliminary © 1999 Microchip Technology Inc.




MCP3204/3208

ELECTRICAL CHARACTERISTICS (CONTINUED)

All parameters apply at Vpp, = 5V, Vgg = 0V, Vgge = 5V, Tpyg = -40°C to +85°C, fgayp e = 100ksps and
fok = 20*fgampLes Unless otherwise noted.

PARAMETER

|SYMBOL’ MIN. |TYP.| MAX. }UNITS|

CONDITIONS

Analog Inputs (Continued)

Switch Resistance 1K Q See Figure 4-1
Sample Capacitor 20 pF See Figure 4-1
Digital Input/Output
Data Coding Format Straight Binary
High Level Input Voltage Vig 0.7 Vgo v
Low Level Input Voltage Vi 0.3 Vpp v
High Level Output Voltage Vo 4.1 \ lon = -1TMA, Vg = 4.5V
Low Level Output Voltage Voo 0.4 \% lor = TMA, Vpp = 4.5V
Input Leakage Current Iy -10 10 A | V) = Vggor Vpp
Output Leakage Current o -10 10 PA | Vour = Vgs OF Vo
Pin Capacitance Cin Cour 10 pF | Vpp =5.0V (Note 1)
(All Inputs/Outputs) Tams = 25°C, f= 1 MHz
Timing Parameters
Clock Frequency fowk 2.0 MHz Vg =5V (Note 3)
1.0 MHz [Vpp =2.7V (Note 3)
Clock High Time 1y 250 ns
Clock Low Time tie 250 ns
CS Fall To First Rising CLK taiez 100 ns
Edge
Data Input Setup Time ; tsy 50 ns
Data Input Hold Time f i 50 ns
CLK Fall To Output Data Valid = 200 ns See Test Circuits, Figure 1-2
CLK Fall To Output Enable ten 200 ns |See Test Circuits, Figure 1-2
CS Rise To Output Disable tois 100 ns | See Test Circuits, Figure 1-2
CS Disable Time G 500 ns
Dgyr Rise Time ts 100 ns | See Test Circuits, Figure 1-2
(Note 1)
Doyt Fall Time te 100 ns |See Test Circuits, Figure 1-2
(Note 1)
Power Requirements
Operating Voltage Voo 2.7 3.5 Y
Operating Current lop 320 400 WA | Vpp = Vger = 5V, Doy unloaded
225 Voo = Vigr = 2.7V, Dgyr unloaded
Standby Current b 0.5 2 A |CS=Vpy=5.0V

Note 1:
Note 2:
Note 3:

This parameter is guaranteed by characterization and not 100% tested.
See graphs that relate linearity performance to Vg levels.
Because the sample cap will eventually lose charge, effective clock rates below 10kHz can affect linearity

performance, especially at elevated temperatures. See Section 6.2 for more information.

© 1999 Microchip Technology Inc.
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MCP3204/3208

3.0 PIN DESCRIPTIONS
3.1 CHO - CH7

Analog inputs for channels 0 - 7 respectively for the
multiplexed inputs. Each pair of channels can be pro-
grammed to be used as two independent channels in
single ended-mode or as a single pseudo-differential
input where one channel is IN+ and one channel is IN-.
See Section 4.1 and Section 5.0 for information on pro-
gramming the channel configuration.

3.2 CS/SHDN(Chip Select/Shutdown)

The CS/SHDN pin is used to initiate communication
with the device when pulled low and will end a conver-
sion and put the device in low power standby when
pulled high. The CS/SHDN pin must be pulled high
between conversions.

3.3 CLK (Serial Clock)

The SPI clock pin is used to initiate a conversion and to
clock out each bit of the conversion as it takes place.
See Section 6.2 for constraints on clock speed.

3.4 DIN (Serial Data Input)

The SPI port serial data input pin is used to load chan-
nel configuration data into the device.

3.5 Dourt (Serial Data output)

The SPI serial data output pin is used to shift out the
results of the A/D conversion. Data will always change
on the falling edge of each clock as the conversion
takes place.

3.6 AGND
Analog ground connection to internal analog circuitry.
it DGND

Digital ground connection to internal digital circuitry.

4.0 DEVICE OPERATION

The MCP3204/3208 A/D Converters employ a conven-
tional SAR architecture. With this architecture, a sam-
ple is acquired on an internal sample/hold capacitor for
1.5 clock cycles starting on the fourth rising edge of the
serial clock after the start bit has been received. Follow-
ing this sample time, the device uses the collected
charge on the internal sample and hold capacitor to
produce a serial 12-bit digital output code. Conversion
rates of 100ksps are possible on the MCP3204/3208.
See Section 6.2 for information on minimum clock
rates. Communication with the device is done using a
4-wire SPI-compatible interface.

4.1 Analog Inputs

The MCP3204/3208 devices offer the choice of using
the analog input channels configured as single-ended
inputs or pseudo-differential pairs. The MCP3204 can
be configured to provide two pseudo-differential input
pairs or four single-ended inputs. the MCP3208 can be
configured to provide four pseudo-differential input
pairs or eight single-ended inputs. Configuration is
done as part of the serial command before each con-
version begins. When used in the pseudo-differential
mode, each channel pair (i.e., CHO and CH1, CH2 and
CH3 etc.) are programmed as the IN+ and IN- inputs as
part of the command string transmitted to the device.
The IN+ input can range from IN- to (Vger + IN-). The
IN- input is limited to £100mV from the Vgg rail. The IN-
input can be used to cancel small signal com-
mon-mode noise which is present on both the IN+ and
IN- inputs.

When operating in the pseudo-differential mode, if the
voltage level of IN+ is equal to or less than IN-, the
resultant code will be 000h. If the voltage at IN+ is equal
to or greater than {[Vger + (IN-)] - 1 LSB}, then the out-
put code will be FFFh, If the voltage level at IN- is more
than 1 LSB below V¢, then the voltage level at the IN+
input will have to go below Vg to see the 000h output
code. Conversely, if IN- is more than 1 LSB above Vg,
then the FFFh code will not be seen unless the IN+
input level goes above Vygp level.

For the A/D Converter to meet specification, the charge
holding capacitor, (Cgamere) must be given enough time
to acquire a 12-bit accurate voltage level during the 1.5
clock cycle sampling period. The analog input model is
shown in Figure 4-1.

In this diagram it is shown that the source impedance
(Rs) adds to the internal sampling switch (Rgg) imped-
ance, directly affecting the time that is required to
charge the capacitor, Cgaype: Consequently, larger
source impedances increase the offset, gain, and inte-
gral linearity errors of the conversion. See Figure 4-2.

4.2 Reference Input

For each device in the family, the reference input (Vgge)
determines the analog input voltage range. As the ref-
erence input is reduced, the LSB size is reduced
accordingly. The theoretical digital output code pro-
duced by the A/D Converter is a function of the analog
input signal and the reference input as shown below.

Digital Output Code = 4096 * V,,

VREF
where:
Vy = analog input voltage
Vzer = reference voltage
When using an external voltage reference device, the
system designer should always refer to the manufac-
turer's recommendations for circuit layout. Any instabil-

ity in the operation of the reference device will have a
direct effect on the operation of the A/D Converter.

DS21298B-page 12
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MCP3204/3208

Sampling
Switch

W=D 7 LT
: : lCPIN I L--.-----: LC%XPCLE
: ‘ = capacitance
@ s T 7pF V; = 0.6V by g T = 20 pF F
N _T_Vss

Legend
VA = Signal Source

Rg = Source Impedance
CHx = Input Channel Pad
Cpn = Input Capacitance

V; = Threshold Voltage

I eakace = Leakage Current at the pin
due to various junctions

SS = Sampling Swilch
Rgs = Sampling Switch Resistor
CsampLe = Sample/Hold Capacitance

FIGURE 4-1: Analog Input Model
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s X0
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= -"""-.\ |
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@
=
g |
£ 1.0
w T
oS Voo = 27V ™ I \
] ™
2 o5 N
(T \\‘
0.0 | N
100 1000 10000
Input Resistance (Ohms)

FIGURE 4-2: Maximum Clock Frequency vs. Input
resistance (Rg) to maintain less than a 0.1LSB
deviation in INL from nominal conditions.
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MCP3204/3208

5.0 SERIAL COMMUNICATIONS ey
Communication with the MCP3204/3208 devices is e INPUT CHANNEL
done using a standard SPl-compatible serial interface. SINGLE/| D2 | D1 | DO CONFIGHRATION ] [SELECHON
Initiating communication with either device is done by DIFF
bringing the CS line low. See Figure 5-1. If the device 1 0 0 | 0 |single ended CHo
was powered up with thg QS pin low, it ‘mu’st be brought 1 0 | 0| 1 [single ended CH1
high and back low to initiate communication. The first -
clock received with CS low and D, high will constitute 1 [0 ]1]0 |singleendsd |CH2
a start bit. The SGL/DIFF bit follows the start bit and will 1 0 | 1| 1 |singleended |CH3
determine if the conversion will be done using single 1 1 0 | 0 |single ended |CH4
ended or differential input mode. The next three bits -

1 1 | ded CH5
(DO, D1 and D2) are used to select the input channel 1 L ang il
configuration. Table 5-1 and Table 5-2 show the config- 1 T |10 |singleended |CHE
uration bits for the MCP3204 and MCP3208, respec- 1 1 1 1 |single ended CH7
tively. The device will begin to sample the analog input 0 0 o | o |differential CHO = IN+
on the fourth rising edge of the clock after the start bit CH1 = IN-
hag been received.. The sample pgriod will end on the 0 o | ol 1 |differential CHO = IN-
falling edge of the fifth clock following the start bit. CH1 = IN+
After the DO bit is input, one more clock is required to 0 0 1 0 |differential CHZ2 = IN+
complete the sample and hold period (D, is a don't CH3 = IN-
care for this clock). On the falling edge of the next clock, 0 0 1 1 | differential CH2 = IN-
the device will output a low null bit. The next 12 clocks CH3 = IN+
will output the result of the cgnversion with MSB first as 0 1 o | o |differential CH4 = IN+
shown in Figure 5-1. Data is always output from the CH5 = IN-
device on the falling! edge of the clock.. Ifall 12 f:lata bits 0 1 0 | 1 |differential CH4 = IN-
have been transmitted and the device continues to CH5 = IN+
receive clocks whlle. the CS is held Iqw. the device w_nll 0 1 )" r— CHG = IN+
output the conversion result LSB first as shown in CH7 = IN-
Figure 5-2. If more clocks are provided to the device . ; . =
while CS is still low (after the LSB first data has been e Ny Liearste] o Jiotipe I

transmitted), the device will clock out zeros indefinitely.
i 4 \ s " TABLE 5-2: Configuration Bits for the MCP3208.
If necessary, it is possible to bring CS low and clock in

leading zeros on the D, line before the start bit. This is
often done when dealing with microcontroller-based
SPI ports that must send 8 bits at a time. Refer to
Section 6.1 for more details on using the
MCP3204/3208 devices with hardware SPI ports.

CONTROL BIT
SELECTIONS INPUT CHANNEL
SINGLE! | D2+ | D1 | Do | CONFIGURATION | SELECTION
DIFF

1 X | 0| 0 [singleended |CHO

1 X | 0| 1 [singleended |CH1

1 X | 1] 0 [singleended |CH2

1 X 1 1 |single ended CH3
0 X | 0| 0 [differential CHO = IN+
CH1 = IN-
0 X | 0| 1 [differential CHO = IN-
CH1 = IN+
0 X 1 0 |differential CH2 = IN+
CH3 = IN-
0 X 1 1 | differential CH2 = IN-
CH3 = IN+

*D2 is don't care for MCP3204

TABLE 5-1: Configuration Bits for the MCP3204.
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LM1577/LM2577 Series

General Description

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

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

Included on the chip is a 3.0A NPN switch and its associated
protection 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 to reduce in-rush current during
start-up, and current mode control for improved rejection of
input voltage and output load transients.

National Semiconductor

SIMPLE SWITCHER® Step-Up Voltage Regulator

June 1999

Features

m Requires few external components

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

= Wide input voltage range: 3.5V lo 40V

m Current-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
lockout, and thermal shutdown

Typical Applications
= Simple boost regulator

= Flyback and forward regulators
m Multiple-output regulator

Typical Application

100 pH 1N5821
Y o LA L o0 REGULATED OUTRUT
Ll Tt F_L J Your = 1.23V (1 + R1/R2)
pr I 5 Vin 4| switcH S J
= o 17.4k
—  COMP 680 uf
g LM2577-ADJ TErD- [
BACK < R2 e
5% 3] oND % -
0.33 ;JFI J_._
& DS011468-1
Note: Pin numbers shown are for TO-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 M24B 80

16-Pin Molded DIP LM2577N-12 LM2577N-15 LM2577N-ADJ N16A N

5-Lead Surface Mount LM257758-12 LM2577S-15 LM2577S-ADJ TSS5B TO-263

5-Straight Leads LM2577T-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 < To € +150°C |4-Pin TO-3 LM1577K-12/883 |[LM1577K-15/883 LM1577K- KO4A TO-3
ADJ/883

SIMPLE SWITCHER® is a registared trademark of National Semiconductor Corporation.

® 1999 National Semiconducter Corporation DS011468

www.national.com
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Electrical Characteristics—LM1577-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, Viy = 5V, Veeeppack =

Vier, @nd lswiren

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 Qutput Voltage Vin = 5V to 10V 12.0 v
lLoap = 100 mA to 800 mA 11.60/11.40 | 11.60/11.40 V(min)
{Note 3) 12.40/12.60 | 12.40/12.60 V(max)
AVayr! Line Regulation Vi & 3.5V to 10V 20 mV
AVin lLoan = 300 mA 50/100 50/100 mV(max)
AVaur! Load Regulation Vin = 8V 20 mV
Al oo lLoap = 100 mA to 800 mA 50/100 50/100 mV(max)
n Efficiency Vin = 5V, I pap = 800 mA 80 %
DEVICE PARAMETERS
ls Input Supply Current Veeeoeack = 1.5V (Switch Off) 75 mA
10.0/14.0 10.0/14.0 mA(max)
IR S 20A 25 mA
Veomp = 2.0V (Max Duty Cycle) 50/85 50/85 mA(max)
Vv Input Supply lswiren = 100 mA 2.80 \4
Undervoltage Lockout 2.70/2.65 2.70/2.65 V(min)
3.10/3,156 3.10/3.15 V(max)
fo Oscillator Frequency Measured at Switch Pin 52 kHz
lawiren = 100 mA 48/42 48/42 kHz(min)
56/62 56/62 kHz(max)
Vrer Reference Measured at Feedback Pin v
Voltage Vi = 3.5V to 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)
AVier/ Reference Voltage Vin = 3.5V to 40V 0.5 mV
AVin Line Regulation
lg Error Amp Veomp = 1.0V 100 nA
Input Bias Current 300/800 300/800 nA(max)
Gu Error Amp lcomp = =30 pA to +30 pA 3700 pmho
Transconductance Veomp = 1.0V 2400/1600 2400/1600 pmho(min)
4800/5800 4800/5800 | pmho(max)
AvoL Error Amp Veomp = 1.1V 1o 1.9V 800 VIV
Voltage Gain Reome = 1.0 MQ (Note 7) 500/250 500/250 VAV(min)
Error Amplifier Upper Limit 24 Vv
Output Swing Veeeoeack = 1.0V 2.2/2.0 2.212.0 V(min)
Lower Limit 0.3 \'
— W A 0.40/0.55 0.40/0.55 V(max)
Error Amp Veeeosack = 1.0V to 1.5V +200 HA
Output Current Veomp = 1.0V +130/£90 +130/£90 PA(min)
+300/2400 | +300/£400 | pA(max)
lgs Soft Start Current Vegeoaack = 1.0V 5.0 HA
Veome = 0V 2.5M.5 2.5M1.5 pA(min)
7.5/9.5 7.5/9.5 HA(max)
D Maximum Duty Cycle Veomp = 1.5V 95 %
lswiten = 100 mA 93/90 93/90 Y%(min)
Mlswiron/ | Switch 125 ANV
AVeomp 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, \/!;EEDBACK = Veer, and lgpwiren =

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

DEVICE PARAMETERS

N Switch Leakage Vewiten = B5V 10 HA
Current Veeepeack = 1.5V (Switch Off) 300/600 300/600 pPA(max)
Vgar Switch Saturation lswiten = 2.0A 0.5 \%
Voltage Veomp = 2.0V (Max Duty Cycle) 0.7/0.9 0.7/0.9 V(max)
NPN Switch Veome = 2.0V 43 A
Current Limit 3.713.0 3.7/13.0 A(min)
5.3/6.0 5.3/6.0 A(max)
THERMAL PARAMETERS (All Versions)
0a Thermal Resistance K Package, Junction to Ambient 35
0,c K Package, Junction to Case 1.8
0,4 T Package, Junction to Ambient 65
Bc T Package, Junction to Case 2
B N Palckage. Junction to : 85 oW
Ambient (Note 8)
0 M Package, Junction 100
to Ambient (Note 8)
B,a § Package, Junction to 37

Ambient (Note 9)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions the device is intended to
be functional, but device parameter specifications may nat be guaranteed under these conditions. For guaranteed specifications and lest conditions, see the Electrical
Characlerislics.

Note 2: Due to timing considarations of the LM1577/LM2577 current limit circuit, output current cannot be internally limited when the LM1577/LM2577 is used as a
slep-up regulator. To prevenl damage to the switch, its current must be externally limited to 6.0A. However, output current is internally limited when the LM1577/
LM2577 is used as a flyback or forward converer regulator in accordance to the Application Hints.

Note 3: All limits quaranteed at room temperature (standard type face) and at tlemperature extremes (boldface type). All limits are used to calculate Outgaing Quality
Level, and are 100% production tested.

Note 4: A military RETS electrical test specification is available on request, At the time of printing, the LM1577K-12/883, LM1577K-15/883, and LM1577K-ADJ/883
RETS specifications complied fully with the boldface limits in these columns, The LM1577K-12/883, LM1577K-15/883, and LM1577K-ADJ/883 may also be procured
to Standard Military Drawing specifications.

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

Note 6: Exlernal components such as the diode, inductor, input and output capacitors can affect switching regulator performance. When the LM1577/LM2577 is used
as shown in the Test Circuit, system performance will be as specified by the syslem parameters

Note 7: A 1.0 MQ resistor is connected to the compensation pin (which is the error amplifier's output) to ensure accuracy in measuring Aygy. In actual applications,
this pin’s load resistance should be 210 Mg, resulting in Ay, that is typically twice the guaranteed minimum limit.

Note B: Junction lo ambient thermal resistance with approximately 1 square inch of pc board copper surrounding the 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 to the package. Using
0.5 square inches of copper area, 8 is 50°CIW; with 1 square inch of copper area, 0y, is 37'C/W; and with 1.6 or more square inches of copper area, 04 Is 32'C/W.
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Typical Performance Characteristics

Reference Voltage
vs Temperature

1.240
ADJ VERSIONS
1.238
T 1236
w1234
]
L—
£ o2 Lo
g
> 20—
w
2 1.:m8
o
5 1226
& 1224
1222
1.220

-50 -25 0 25 50 75 100 125 150

TEMPERATURE (°C)
D5011468-34

A Reference Voltage
vs Supply Voltage

0.5

T
ADJ VERSIONS
0.4

0.3

0.2

A REFERENCE VOLTAGE [mV)

0 5 10 15 20 25 30 35 40

SUPPLY VOLTAGE (V)
DS011468-37

Error Amp Transconductance
vs Temperature

5000 T I
ADJ VERSIONS

4500

4000 AN

3500 IS

N

3000

TRANSCONDUCTANCE (17)

™=~

2500
-50 -25 0 25 50 75 100 125 150

TEMPERATURE (°C)
0501146840

Reference Voltage
vs Temperature

12.10
12.08
12.06
1204
12.02 L
12.00
H.E!/
11.96
11.94
11.92

11.90
=50 -25 0 25 50 75 100 125 150

TEMPERATURE (°C)
DS011468-35

12V VERSIONS

REFERENCE VOLTAGE (V)

A Reference Voltage
vs Supply Voltage
50

P T
12V VERSIONS

AREFERENCE VOLTAGE {mV)

0 5 10 15 20 25 30 35 40

SUPPLY VOLTAGE (V)
DS011468.38

Error Amp Transconductance
vs Temperature

500 e
129 VERSIONS
= 450N
I
W doo
: e
5 350
H ™
g 300
2
=
= 250
200

-50 -25 0 25 50 75 100 125 150

TEMPERATURE (2€)
DS5011468-41

Reference Voltage

vs Temperature
15,10
15.08

15V VERSIONS

-50 -25 0 25 50 75 100 125 150

TEMPERATURE (°C)
DS011468-36

A Reference Voltage
vs Supply Voltage
50

15V VERSIONS
5.0

4.0 ]

L~

30

20

10

0.0

AREFERENCE VOLTAGE (m¥)

=1.0

=20

0 5 10 15 20 25 30 35 40

SUPPLY VOLTAGE (V)
DS011468-39

Error Amp Transconductance
vs Temperature
400

15V VERSIONS
375

350 \
325 \

300

275

250 ™~

225

TRANSCONDUCTARCE (527)

—

200
-50 -25 0 25 50 75 100 125 150

TEMPERATURE (°C)
DS011468-42

www.national.com



Error Amp Voltage
Gain vs Temperature
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Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continued)
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Current vs Temperature vs Temperature
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Connection Diagrams

Straight Leads
5-Lead TO-220 (T)

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

Gnd 5= Vi i
4~ Switch Gnd N
O 3- Ground 4= Switch
2- Feedback O 3= Gruﬂnd
1- Comp 2~ Feedback
1= Comp
0S011468-4
DS011468.5

Top View
Order Number LM2577T-12, LM2577T-15,
or LM2577T-ADJ
See NS Package Number TO5A

Top View
Order Number LM2577T-12 Flow LB03, LM2577T-15
Flow LB03, or LM2577T-ADJ Flow LB03
See NS Package Number TO5D
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LM1577-12, LM2577-12 Test Circuit

N

A
4220 uf
_E“i L, 100 xH b, INS821

10k Vour

[
"
5 4
Vin SWITCH
- CompP FB
0.1 uf x| LM1577/LM2577
GND

T T 033 wF 3

AAA
VW 1

240

0.1 uf

EV M

L = 415-0930 (AIE)
D = any manufacturer
Cour = Sprague Type 673D
Electrolytic 680 pF, 20V
Note: Pin numbers shown are for TO-220 (T) package

DS011468-30

FIGURE 1. Circuit Used to Specify System Parameters for 12V Versions

LM1577-15, LM2577-15 Test Circuit

H

Yi
+220 uf
E’“i L, 100 uH D, IN5821

Bl
5 4
Vi SWITCH
v CoMP FB
0.8 uf w | LM1577/LM2577
GND

T T 0334F 3

0.1 4f

EM

L = 415-0930 (AIE)
D = any manufacturer
Cour = Sprague Type 673D
Electrolytic 680 pF, 20V
Note: Pin numbers shown are for TO-220 (T) package

D5011488-26

FIGURE 2. Circuit Used to Specify System Parameters for 15V Versions

LM1577-ADJ, LM2577-ADJ Test Circuit

VIN
+220 pf
[ L 100 uH L 10k Yaut
. l’] AAA <
v WA
5 f |
[ SWITCH o3 Rl 2 o

AA

: COMP F.B. -
0.1 uF a | LM1577/LM2577 |
—|— GND 3w

oS3 3

L = 415-0930 (AIE)
D = any manufacturer
Cour = Sprague Type 673D
Electrolytic 680 pF, 20V
R1 = 48.7k in series with 5110 (1%)
R2 = 5,62k (1%)
Note: Pin numbers shown are for TO-220 (T) package

DS011468.9

FIGURE 3. Circuit Used to Specify System Parameters for ADJ Versions

i
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Application Hints

Vin @

Cin

Y SWITCH

CURRENT LIMIT,
THERMAL LIMIT, AND 2.5V
UNDERVOLTAGE SHUTDOWN REGULATOR

3a, 65V

LOGIC NPN
SWITCH

52 kHz CORRECTIVE
OSCILLATOR RAMP
VOLTAGE

+

SENSE :E RI*
VOLTAGE 9
—:} (1.239)
L CURR[NIIT
SENSE T R2*
LM1577=-ADJ/ RESISTOR

LM2577-ADJ

e AIL

BN =

DS011468-10

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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Application Hints (continued)

STEP-UP (BOOST) REGULATOR

Figure 4 shows the LM1577-ADJ/LM2577-ADJ used as a
Step-Up Regulator. This is a switching regulator used for
producing an output voltage greater than the input supply
voltage. The LM1577-12/LM2577-12 and LM1577-15/
LM2577-15 can also be used for step-up regulators with 12V
or 15V outputs (respectively), by tying the feedback pin di-
rectly to the regulator output.

A basic explanation of how it works is as follows, The
LM1577/LM2577 turns its output switch on and off at a fre-
quency of 52 kHz, and this creates energy in the inductor (L).
When the NPN switch turns on, the inductor current charges
up at a rate of V,/L, storing current in the inductor. When the
switch turns off, the lower end of the inductor flies above Vy,
discharging its current through diode (D) into the output ca-
pacitor (Cqyuy) at a rate of (Vour = Vin)/L. Thus, energy
stored in the inductor during the switch on time is transferred
to the output during the switch off time. The output voltage is
controlled by the amount of energy transferred which, in turn,
is controlled by modulating the peak inductor current. This is
done by feeding back a portion of the output voltage to the
error amp, which amplifies the difference between the feed-
back voltage and a 1.230V reference. The error amp output
voltage is compared to a voltage proportional to the switch
current (i.e., inductor current during the switch on time).

The comparator terminates the switch on time when the two
voltages are equal, thereby controlling the peak switch cur-
rent to maintain a constant output voltage.

Voltage and current waveforms for this circuit are shown in
Figure 5, and formulas for calculating them are given in Fig-
ure 6.

v. b © 08 o)
SWITCH “’(:”’ I | I

VOLTAGE sar -k - £

DIODE
VOLTAGE

INDUCTOR
CURRENT

SWITCH
CURRENT

Isw(rpk)
g

logek) -
Io(ave) *
3~

DIODE
CURRENT

DS5011468-11

FIGURE 5. Step-Up Regulator Waveforms

Duty Cycle D Vout * VF = Vin_ _ Vour — Vin
Vout + VF = Vsar Vour
Average
ILoAD
Inductor linpave) 1-D
Current
Inductor
¢ | Al Vin—Vsar _D
!.wen IND L 52,000
Ripple
Peak ILoap, Alinp
max)
LOAD(max) | SIND
Inductor IIND(PK) 1 = Dimax) 2
Current
Peak Switch | lLoap(may | Alno
Gurrent SWIPK) 1 = Dimax) 2
Switch
Voltage Veworr) Vour + Ve
When Off
Diode
Reverse Ve Vour = Vsar
Voltage
Average
Diode Ioave) lLoan
Current
Peak Diode oao  , Alno
Current ID-:PK) 1 = Dimax) 2
Power | 2 | oV,
- & LOAD LOAD IN
Dissipation Po 0.250 (1 ~ u) Pt 5n -0
of
LM167712577

Vg = Forward Biased Diode Voltage
Ipoap = Output Load Current

FIGURE 6. Step-Up Regulator Formulas

STEP-UP REGULATOR DESIGN PROCEDURE
The following design procedure can be used to select the ap-
propriate external components for the circuit in Figure 4,
based on these system requirements.
Given:

Vi (mimy = Minimum input supply voltage

Vour = Regulated output voltage

I oabimax) = Maximum output load current
Before proceeding any further, determine if the LM1577/
LM2577 can provide these values of Vgt and I oapmax)
when operating with the minimum value of V. The upper
limits for Vour and | oapmax are given by the following
equations.

Vour € 60V

and  Vour €10 x Vw(min;
21A X ViN(min)
ILoAD(max) = v
ouT

These limits must be greater than or equal to the values
specified in this application.
1. Inductor Selection (L)

A. Voltage Options:

1. For 12V or 15V output
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Application Hints (continued)

From Figure 7 (for 12V output) or Figure 8 (for 15V
output), identify inductor code for region indicated by
Vin (mimy @nd loap (maxy- The shaded region indicates
conditions for which the LM1577/LM2577 output switch
would be operating beyond its switch current rating. The
minimum operating voltage for the LM1577/LM2577 is
3.5V.

From here, proceed to step C.

2. For Adjustable version

Preliminary calculations:

The inductor selection is based on the calculation of the
following three parameters:

Dimaxy: the maximum switch duty cycle (0 =D < 0.9):

Vout + VE = ViN(min)

where Vi = 0.5V for Schottky diodes and 0.8V for fast recov-
ery diodes (typically);

E +T, the product of volts x time that charges the inductor:

D(max) =

TA D(max) (Vinmin) — 0.6V)106

Ee
52,000 Hz

(Veps)
Iinp,pe: the average inductor current under full load;

1.05 > I, 0AD(max)

| =
IND,OC o

B. Identify Inductor Value:

1. From Figure 9, identify the inductor code for the re-
gion indicated by the intersection of E*T and ljyp pe-
This code gives the inductor value in microhenries. The
L or H prefix signifies whether the inductor is rated for a
maximum E+T of 90 Veps (L) or 250 Veps (H).

2. If D < 0.85, go on to step C. If D = 0.85, then calcu-
late the minimum inductance needed to ensure the
switching regulator's stability:

_ 6.4 (ViN(min) — 0.6Y) (2D(max) — 1)
N = ax) — 7}
J 3 D(max)

(uH)

If Ly is smaller than the inductor value found in step B1, go
on to step C. Otherwise, the inductor value found in step B1
is too low; an appropriate inductor code should be obtained
from the graph as follows:

1. Find the lowest value inductor that is greater than Ly.
2. Find where E+T intersects this inductor value to determine
if it has an L or H prefix. If E«T intersects both the L and H re-
gions, select the inductor with an H prefix.

10
INTTY TT
s 5 LSED\ LAYD\ 1330 Lzzuxusu Lioe
<
g | ;
g g /
» /)
- Y V1A
= 5 A A /
ERR Ay AV W,
= 4 . 4 /
s |7 /
S
0.1 0.2 0304 060810 175

MAXIMUM LOAD CURRENT (A)
DS011468-27

FIGURE 7. LM2577-12 Inductor Selection Guide

12

M KT tegof izof Lazofuzaq] L150]
A IV
9

i /1]
7 aF
< [P |/
5

4

3

MINIMUM INPUT VOLTAGE (V)

/
/S A
A% AL
|

71 #L1007
]
0.1 0.2 0.304 060810 1.7

MAXIMUM LOAD CURRENT (A)
DS011468-28

FIGURE 8. LM2577-15 Inductor Selection Guide
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Application Hints (continued)

ET (Ve ps)

200

150 (4
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90

80 f
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50
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45 A A 7

R L0 1330 A [L220 L150 Lio0 K Les

A1 % >“/ yZ %

30 // - l/
Le7

siule” / / / X /\«

20 / 4 4 P

0.3 0.350.40,450.5 0.6 0.7 0.80.91.0 1.5 20 25 3.0

Inp,oc (A)

DS011468-12

Note: These charts assume that the inductor ripple current inductor is approximately 20% to 30% of the average inductor current (when the regulator is under
full load). Greater ripple current causes higher peak switch currents and greater output ripple voltage; lower ripple current is achieved with larger-value
inductors. The factor of 20 lo 30% is chosen as a convenient balance between the two extremes.

FIGURE 9. LM1577-ADJ/LM2577-ADJ Inductor Selection Graph

C. Select an inductor from the table of Figure 10 which
cross-references the inductor codes to the part numbers
of three different manufacturers. Complete specifica-
tions for these inductors are available from the respec-
tive manufacturers. The induclors listed in this table
have the following characteristics:

AlE: ferrite, pot-core inductors; Benefits of this type are
low electro-magnetic interference (EMI), small physical
size, and very low power dissipation (core loss). Be
careful not to operate these inductors too far beyond
their maximum ratings for E-T and peak current, as this
will saturate the core.

Pulse: powdered iron, toroid core inductors; Benefits are
low EMI and ability to withstand E+T and peak current
above rated value better than ferrite cores.

Renco: ferrite, bobbin-core inductors; Benefits are low
cost and best ability to withstand E+T and peak current
above rated value. Be aware that these inductors gener-
ate more EMI than the other types, and this may inter-
fere with signals sensitive to noise.
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Application Hints (Continued)

Inductor Manufacturer's Part Number
Code Schott Pulse Renco
L47 67126980 PE - 53112 RL2442
L68 67126990 PE - 92114 RL2443
L100 67127000 PE - 92108 RL2444
L150 67127010 PE - 53113 RL1954
L220 67127020 PE - 52626 RL1953
L330 67127030 PE - 52627 RL1952
L470 67127040 PE - 53114 RL1951
L680 67127050 PE - 52629 RL1950
H150 67127060 PE*~53115 RL2445
H220 67127070 PE - 53116 RL2446
H330 67127080 PE - 53117 RL2447
H470 67127090 PE - 53118 RL1961
H680 67127100 PE - 53119 RL1960
H1000 67127110 PE - 53120 RL1959
H1500 67127120 PE - 53121 RL1958
H2200 67127130 PE - 53122 RL24487

Schott Corp., (612) 475-1173
1000 Parkers Lake Rd., Wayzata, MN 55391
Pulse Engineering, (619) 268-2400
P.O. Box 12235, San Diego, CA 92112
Renco Electronics Inc., (516) 586-5566
60 Jeffryn Bivd, East, Deer Park, NY 11728
FIGURE 10. Table of Standardized Inductors and
Manufacturer's Part Numbers

2. Compensation Network (R¢, C¢) and Output Capacitor
(Cour) Selection

R¢ and C form a pole-zero compensation network that sta-
bilizes the regulator. The values of R and C are mainly de-
pendant on the regulator voltage gain, | oapgmaxy L and
Couy- The following procedure calculates values for Re, Ce,
and Coyr that ensure regulator stability. Be aware that this
procedure doesn't necessarily result in R and C that pro-
vide oplimum compensation. In order to guarantee optimum
compensation, one of the standard procedures for testing
loop stability must be used, such as measuring Voyr tran-
sient response when pulsing | pap (see Figure 15).

A. First, calculate the maximum value for Rc.

< 750 X lLoAD(max) X YouTt?

R
© ViNimin?

Select a resistor less than or equal to this value, and it
should also be no greater than 3 k.

B. Calculate the minimum value for Coyy using the following
two equations,

0.18 X L X Rg X ILOAD(HM

Cout 2
ViNgmin) > VouT
and
Vintmin) X Re X (ViNgmin) + (3.74 X 105 X L
Cout = YIN(min) ¢ X (Vingmin) + ( ))

487,800 X Vour3

The larger of these two values is the minimum value that en-
sures stability.
C. Calculate the minimum value of C¢ .

58.5 X Vout? % Cout

Cg =
Rc2 % ViN(min)

The compensation capacitor is also part of the soft start cir-
cuitry. When power to the regulator is turned on, the switch
duty cycle is allowed to rise at a rate controlled by this ca-
pacitor (with no control on the duty cycle, it would immedi-
ately rise to 90%, drawing huge currents from the input
power supply). In order to operate properly, the soft start cir-
cuit requires Cg 2 0.22 pF

The value of the output filter capacitor is normally large
enough to require the use of aluminum electrolytic capaci-
tors. Figure 11 lists several different types that are recom-
mended for switching regulators, and the following param-
eters are used to select the proper capacitor.

Working Voltage (WVDC): Choose a capacitor with a work-
ing voltage at least 20% higher than the regulator output volt-
age.

Ripple Current: This is the maximum RMS value of current
that charges the capacitor during each switching cycle. For
step-up and flyback regulators, the formula for ripple current
is

ILoAD max) % D;rna.xl

IRIPPLE(RMS) =  — Qg
max|

Choose a capacitor that is rated at least 50% higher than this
value at 52 kHz.

Equivalent Series Resistance (ESR) : This is the primary
cause of output ripple voltage, and it also affects the values
of Rg and Cq needed to stabilize the regulator. As a result,
the preceding calculations for Ce and R¢ are only valid if
ESR doesn't exceed the maximum value specified by the fol-
lowing equations.

0.01 % V, 8.7 X (10)— 3 x
ESR < ouT (10)— 3 X Viy
|RIPPLE(P-P) ILoAD(max)
where
| -3 i 1594 |LOAD[max1
RIPPLE(P-P) =

T= D(max]

Select a capacitor with ESR, at 62 kHz, that is less than or
equal to the lower value calculated. Most electrolytic capaci-
tors specify ESR at 120 Hz which is 15% to 30% higher than
at 52 kHz. Also, be aware that ESR increases by a factor of
2 when operating at -20°'C.

In general, low values of ESR are achieved by using large
value capacitors (C 2 470 pF), and capacitors with high
WVDC, or by paralleling smaller-value capacitors.
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Application Hints (continued)

3. Output Voltage Selection (R1 and R2)
This section is for applications using the LM1577-ADJ/
LM2577-ADJ. Skip this section if the LM1577-12/LM2577-12
or LM1577-15/LM2577-15 is being used.
With the LM1577-ADJILM2577-ADJ, the output voltage is
given by

Vour = 1.23V (1 + R1/R2)
Resistors R1 and R2 divide the oulpul down so il can be
compared with the LM1577-ADJ/ILM2577-ADJ internal
1.23V reference. For a given desired output voltage Ve,
select R1 and R2 so that

R1 _ Vour
R2  1.23V

4. Input Capacitor Selection (Cy)

The switching action in the step-up regulator causes a trian-
gular ripple current to be drawn from the supply source. This
in turn causes noise to appear on the supply voltage. For
proper operation of the LM1577, the input voltage should be
decoupled. Bypassing the Input Voltage pin directly to
ground with a good quality, low ESR, 0.1 pF capacitor (leads
as short as possible) is normally sufficient.

Cornell Dublier — Types 239, 250, 251, UFT,
300, or 350
P.O. Box 128, Pickens, SC 29671
(803) 878-6311
Nichicon —Types PF, PX, or PZ
927 East Parkway,
Schaumburg, IL 60173
(708) 843-7500
Sprague — Types 672D, 673D, or 674D
Box 1, Sprague Road,
Lansing, NC 28643
(919) 384-2551
United Chemi-Con — Types LX, SXF, or SXJ
9801 West Higgins Road,
Rosemont, IL 60018
(708) 696-2000

FIGURE 11. Aluminum Electrolytic Capacitors
Recommended for Switching Regulators

If the LM1577 is located far from the supply source filter ca-
pacitors, an additional large electrolytic capacitor (e.g.
47 pF) is often required.

5. Diode Selection (D)

The switching diode used in the boost regulator must with-
stand a reverse voltage equal to the circuit output voltage,
and must conduct the peak output current of the LM2577. A
suitable diode must have a minimum reverse breakdown
voltage greater than the circuit output voltage, and should be
rated for average and peak current greater than | oapmax)
and Ipek). Schottky barrier diodes are often favored for use
in switching regulators. Their low forward voltage drop allows
higher regulator efficiency than if a (less expensive) fast re-
covery diode was used. See Figure 12 for recommended
part numbers and voltage ratings of 1A and 3A diodes.

Vour Schottky Fast Recovery
(max) 1A 3A 1A 3A
20V 1N5817 1N5820
MBR120P | MBR320P
1N5818 1N5821
3oV MBR130P | MBR330P
11DQ03 | 31DQ03
1N5819 1N5822
40V | MBR140P | MBR340P
11DQo4 31DQo4
MBR150 MBR350 1N4933
50V 11DQ05 31DQ05 | MUR105
1N4934 | MR851
100V HER102 30DL1
MUR110 | MR831
10DL1 HER302

FIGURE 12. Diode Selection Chart

BOOST REGULATOR CIRCUIT EXAMPLE

By adding a few external components (as shown in Figure
13), the LM2577 can be used to produce a regulated output
voltage that is greater than the applied input voltage. Typical
performance of this regulator is shown in Figure 74 and Fig-
ure 15. The switching waveforms observed during the opera-
tion of this circuit are shown in Figure 16.
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International
TR Rectifier

PD-91437B

IRFO540N

Advanced Process Technology
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

P-Channel

Fully Avalanche Rated

Description

Fifth Generation HEXFETs from International Rectifier
utilize advanced processing techniques to achieve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal

HEXFET® Power MOSFET

/

:

Py

D

VDSS =-100V
RDS(OH) =0.117Q

Ip = -23A

resistance and low package cost of the TO-220 TO-220AB
contribute to its wide acceptance throughout the
industry.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Te =25°C Continuous Drain Current, Vgs @ -10V -23
Ip @ Tg = 100°C| Continuous Drain Current, Vgg @ -10V -16 A
lom Pulsed Drain Current ® -76
Pp @T¢ = 25°C Power Dissipation 140 W
Linear Derating Factor 0.91 W/°C
Vas Gate-to-Source Voltage +20 \
Eas Single Pulse Avalanche Energy® 430 mJ
lar Avalanche Current® -1 A
Ear Repetitive Avalanche Energy® 14 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.0 Vins
Ty Operating Junction and =556 to + 175
Tste Storage Temperature Range o
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1N*m)
Thermal Resistance
Parameter Typ. Max. Units
Rysc Junction-to-Case —— T4
Rocs Case-to-Sink, Flat, Greased Surface 0.50 — °CIW
RoJa Junction-to-Ambient —_— 62

5/13/98



IRF9540N

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

Parameter Min. | Typ. | Max. | Units Conditions
V(er)DSS Drain-to-Source Breakdown Voltage 100 | — | — vV Vas = 0V, Ip = -250pA
AV(grypss/AT, | Breakdown Voltage Temp. Coefficient | — [-0.11] — V/I°G | Reference to 25°C, Ip = -1mA
Rps(on) Static Drain-to-Source On-Resistance | — | — [0.117| Q | Vgs =-10V,Ip =-11A @
Vasth) Gate Threshold Voltage 20| — | 4.0 v Vps = Vgs, Ip = -250pA
Ors Forward Transconductance 53 | — | — S Vps = -50V, Ip =-11A
loss Drain-to-Source Leakage Current =y 2P pA Vos = “HQY Mgs = OV
— | — | 250 Vps = -80V, Vgs = 0V, T, = 150°C
loss Gate-to-Source Forward Leakage —= N2\ iph £ Vgs = 20V
Gate-to-Source Reverse Leakage — | — [ -100 Vgs = -20V
Qq Total Gate Charge —_— | - 97 Ib =-11A
Qgs Gate-to-Source Charge — | — | 15 nC | Vps = -80V
Qg Gate-to-Drain ("Miller") Charge — | — | 51 Vgs = -10V, See Fig. 6 and 13 @
tajon) Turn-On Delay Time — 15 | — Vpp = -50V
t; Rise Time — | 67 | — Ib = -11A
ol Tumn-Off Delay Time Y das | | RERsfE
ty Fall Time — 51 | — Rp = 4.2Q, See Fig. 10 @
lp Intemal Drain Inductance — | 45| — 3 L - Ie,ad'
AH 6mm (0.25in.)
from package
[ Internal Source Inductance — | 75| — 5
and center of die contact
Ciss Input Capacitance — 1300 — Vgs = 0V
Coss Output Capacitance —- | 400 | — | pF | Vps=-25V
Crss Reverse Transfer Capacitance — | 240 | — f=1.0MHz, See Fig. 5

Source-Drain Ratings and Characteristics

Parameter Min. | Typ.| Max. | Units Conditions
Is Continuous Source Current 23 MOSFET symbol i
(Body Diode) QY A | showing the > 2
Ism Pulsed Source Current 76 integral reverse ey b
(Body Diode) @ = | N p-n junction diode. et |
Vsp Diode Forward Voltage — — -1.6 \ T;=25°C, ls =-11A, Vgs =0V @
b Reverse Recovery Time — | 150 220 ns | T;=25°C, lg=-11A
Qg Reverse RecoveryCharge —— | 830 1200| nC | di/dt = -100A/us @
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls+Lp)
Notes:
@ Repetitive rating; pulse width limited by @ lgp < -11A, dildt < -470A/us, Vpp < V(gRr)pss.
max. junction temperature. ( See fig. 11) Tis 156
@ starting T;= 25°C, L = 7.1mH @ Pulse width < 300ps; duty cycle < 2%.

Rg = 250, Ias = -11A. (See Figure 12)
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Fig 1. Typical Output Characteristics
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3000

Vgs = 0V, f= 1MHz
giss zggs +Cgd , Cys SHORTED
rss = Lgd
2500 <L (Coss = Cos + Cag
N,

S 2000 \ NSRS
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c N N
2 500 B \\ "\\
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Coss
&
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'\\\
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Fig 5. Typical Capacitance Vs.
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Fig 7. Typical Source-Drain Diode
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Ip. Drain Current (A)

Thermal Response (Zyc)

IRF9540N
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Vbs AN~
25
v
~ o i B~{\pu
™ ¥
20 | = Voo
15 \ Pulse Width £ | ps
Duty Factor < 0.1 %
s, I
\ . . . . ; B .
10 N, Fig 10a. Switching Time Test Circuit
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N
\ ldan) I tdom U
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0 |
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Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
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L
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Notes:
1.Duty factorD = tq/t 2
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Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Note the following details of the code protection feature on Microchip devices:

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

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

intended manner and under normal conditions.

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

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

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

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

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

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

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

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

intended manner and under normal conditions.

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

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

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

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

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

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

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

+ PIC16F876A
- PIC16F877A

- 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 Memory,
Up to 368 x 8 bytes of Data Memory (RAM),
Up to 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 external
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 [2C™ (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
Low-power consumption

Program Memory | bata |eeproy skt | cop | Timers
Device —_— # Single Word (S‘;R:RM (Bytes) I]e} AID (ch) | (PWM) | gpy Master USART 8/16-bit Comparators
Instructions ytes) 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 2/ 2
PIC16F877A | 14.3K 8192 368 256 33 8 2 Yes| Yes Yes 2/1 2

© 2003 Microchip Technolegy Inc.
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PIC16F87XA

Pin Diagrams

28-Pin PDIP, SOIC, SSOP

MGLRVPr — )1 7 28] ] =~— RB7/PGD
RAO/AND =[] 2 27] = RB6/IPGC
raVANT <[] 3 26[ ] =—= RB5
RAZ/AN2/VREF-CVRer =—= (] 4 < 25[] = RB4
RA3/AN3NVREF+ =] 5 e 24[ ] =—= RB3/PGM
RA4/TOCKI/C10UT =L & § 23[] = RB2
RAS/AN4/SS/C20UT = ] 7 = 22[1] =— RB1
vss —[] 8 5 21[] =—= RBO/INT
osciick —= L] ¢ by 20 =— Voo
oscaicLko — L[] 10 5 19[] =— Vss
RCOIT10SOM1CKI ~— ] 11 = 18] =—= RC7/RX/DT
Rci/T10sICCP2 =— [ 12 17[ = RCB/TX/CK
RC2/CCP1 =—= |13 16[_] =—= RC5/SDO
RC3/sCK/sCL =[] 14 15[] =— RC4/SDI/SDA
28-Pin QFN
RA2/ANZ2/VREF-ICVREF =—
RA3/AN3/VREF+ =—
RA4/TOCKICIOUT =—»
RA5/AN4/SS/C20UT ~—
V8§ —»
OSC1/CLKI —=
0SC2ICLKO ~—
. N4
44-Pin QFN a0
< DY mi=
Solparelsgn
RB0PBHEBLOSC
copaaaa o0l
OO FTONTTOMNMNTO
SO RO NaNalala S oRaNE)
o 0 OSE I OF 07 0feas
ILITEEBEERI
RCT/RX/DT =~ 1@ 33| —= OSC2/CLKO
RD4/PSP4 ~—» |2 32| =— OSC1/CLKI
RD5/PSP5 =— |3 31| =—— Vss
RDE/PSPE =— |4 30| =— Vss
RD7/PSP7 «—= |5 PIC16F874A 29| =— VDD
Vss — |6 pg| =— VDD __
VDD —= |7 PIC16F877A  ,;| «— RE2/CS/AN7
VDD — |8 261 =~—= RE1/WRI/ANG
RBOANT =—» |9 251 =<+ REO/RD/ANS
RB1 < 110 241 =—= RA5/AN4/SS/C20UT
RBZ = 11 o o o 23] = RA4/TOCKICIOUT
e o NN
323800882z 48L
g rggsSI<SY
& |52 L2
o ool é & Ta
o o = é‘ E
E &
% 2

-Jmm.n-mm—o

= o g
ez 50:9
LIpae
—Oo|ld~ 0w %
é(\ommmm
riExxoxo
u:!i'--u:\lntrc")t\l
N NN N NN N
211 =—= RB3/PGM
200 =—= RB2
PIC 191 =-— RB1
Plc:gig;gﬁ ry g
174 =— VoD
160 =— Vss
150 =—= RC7/RX/DT

RCO/T10SO/T1CKl=—=38
RC1/T10Sl/CCP2 =—=}9
RC2/CCP1=—=}10
RC3/SCK/SCL =—=]11
RC4/SDI/SDA=—=112
RC5/SDO-=—=J113
RCE/TX/CK=—=§14
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
MCLR/VPP —= [ 1 \_/ 40 [] <— RB7/PGD
RAO/ANO «— [] 2 39 [] «—= RB6/PGC
RA1/AN1T <-—[] 3 38 [J =-— RBS
RAZIANZ/VREF-ICVREF <—» [] 4 37 [] «—= RB4
RAJ/ANINVREF+ —s[] 5 36 [] =—= RB3IPGM
RA4/TOCKI/C10UT =[] 6 35[] <—» RB2
RA5/AN4/SS/C20UT -—[] 7 < 34[]=— RBI
REO/RD/ANS =—»[] 8 5 33[)<— RBOINT
RE1WR/ANE =——[] 9 < 32 [] =— VoD
RE2/CS/AN7 =—=[]10 <  31|]=—Vss
VoD —— [] 11 & 30 [0 -— RD7/PSPT
Vss — o []12 Y5  29[]=— RD6PSPE
OSC1/CLKI —=[]13 v+  28[]-=—= RD5/PSP5
0SC2/CLKO -—[1] 14 g 27 [] =—» RD4/PSP4 &
RCO/T10SO/TA1CKI «——[] 15 26 [] «—» RC7/RX/IDT Z
RC1/T10SICCP2 - [] 16 25 [] =—» RCB/TX/CK LT
RC2/CCP1 «—»[] 17 24 [] =—» RC5/SDO g & N
RC3/SCK/SCL ~— [ 18 23 [] =~— RC4/SDI/SDA 3 555 285
RDO/PSPO <[] 19 22 [] =~ RD3/PSP3 Z2%%8 oo
RD1/PSP1 =—[] 20 21 ] =—» RD2/PSP2 Egéﬁlggﬁéﬁéég
44-Pin PLCC Itttl HII
ONNOOnNO000
RA4TOCKI/C10UT SV e S L A
2K/ - [ 39[] =—— RB3/PGM
RAS/AN4/SS/C20UT & [] g 6] 38[] ~—= RB2
o 1A dipagd
WR 10 360 =—= RBO/INT
RE2ICSIJ\G}N7 -—[11  PIC16F874A 35%-— VDD
DD —— 34| | =— Vss
vss —-—E 12 PIC16F877A 330 <~ RD7/PSP7
OSC1/CLKI — [ 14 32[] =—= RDB/PSP6
0SC2/CLKO =— [ 15 31[] =—= RD5/PSP5
Rcomosomc'tlcé «— 15 ao%H RD4/PSP4
. Heogonangang® — T
a L
| Q
P ar|) ERRRRNERS
oo w =
ColPRag2nd ‘
ERR2LEBUET BB bpaasZ
FHT A= O MN S gggigaeLex
QULOCOBRLVOLY =aho-amalt
¥rrrrorexre z 800’)00000’3%8
Opsreeescg
44-Pin TQFP RS ARRE E g 2
O
AARAHAARAAAH g
03IZITIBREEEF
RC7/RX/DT =—= 10 1 33 NC
RD4/PSP4 =—= I 2 32T =—= RCO/T10SO/T1CKI
RDS/PSP5 < I 3 31— 0SC2/CLKO
RD6/PSPE =IO 4 303 <+— OSC1/CLKI
RD7/PSP7 =105 PIC16F874A 29T =— Vss
Vss — CIT] 6 28I =— VDD __
Vpp —= I 7 PIC16F877A 2710 =—= RE2/CS/AN7
RBO/INT =—=C1O 8 26T =—= RE1/WR/ANG
RB1 =—=CIO 9 25[113 =—= REO/RD/AN5
RB2 =—=CI 10 24T <—= RA5/AN4/SS/C20UT
RBIPGM =TI M | . o~ oo o __NZBIIZI‘—" RA4/TOCKI/C10UT
e - N
0OYTVLOAOLOD - v+
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PIC16F87XA
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PIC16F87XA Producl Identlflcatlon System

TO OUR VALUED CUSTOMERS

It 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) 792-41 50.
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:/Awww.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 operational 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; http://www.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 Web site at www.microchip.com/cn to receive the most current information on all of our products.

DS39582B-page 4 © 2003 Microchip Technology Inc.




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 PIC16F877A

+ The 28-pin devices have three I/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 15 14 15
1/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 o, 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 Set 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

FIGURE 1-1: PIC16F873A/876A BLOCK DIAGRAM
13 DataBus 8 PORTA
<,_,;":i Program Counter [<; . RAO/ANO
Flash It @ - RA1/AN1
Program \Vi B RA2/AN2/VREF-/CVREF
Memory RAM Y = RA3/AN3/VREF+
8 Level STaCk File — RA4/TOCKI/C10UT
(13-bit) Registers < RAS5/AN4/SS/C20UT
Program
B%s H RAM Addr(")

Instruction reg

Direct Addr 7

Instruction
Decode &

Control

OSC1/CLKI

= Generation

Timing

0SC2/CLKO

Power-up
Timer

Oscillator
Start-up Timer

Power-on
Reset

Watchdog
Timer

Brown-out
Reset

In-Circuit
Debugger

Low-Voltage
Programming

MCLR Vob, Vss

Timer0

Timer1

Timer2

10-bit A/D

it

it

U

PORTD

W W YW .

PORTC

T O Y 1 T )

RBO/INT
RB1
RB2
RB3/PGM
RB4

— RBS
RB6/PGC
RB7/PGD
RCO/T10SO/T1CKI
RC1/T108I/CCP2
RC2/CCP1
RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO
RCB/TX/CK
RC7/RX/IDT

b

=

U

§

Data EEPROM

CCP1,2

Synchronous
Serial Port

USART

Comparator

4

Voltage
Reference

Device

Program Flash

Data Memory

Data EEPROM

PIC16F873A

4K words

192 Bytes

128 Bytes

PIC16F876A

8K words

368 Bytes

256 Bytes

Note 1: Higher order bits are from the Status register.
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PIC16F87XA

FIGURE 1-2: PIC16F874A/877A BLOCK DIAGRAM
13 B e Data Bus 8 PORTA
rogram Counter [<— “— y RAO/ANO
Flash AV -t RA1/AN1
Program 4 RA2/AN2NREF-/CVREF
Memory 8 Level Stack RAM Y 4+—[X| RA3/AN3/VREF+
(13-bit) File e RA4/TOCKI/G10UT
Registers - RAS/AN4/SS/C20UT
Program
gus RAM Addr!) FORTE
RBO/INT
Instruction reg RB1
ok . RB2
Direct Addr 7 "dggf‘ i RB3/PGM
RB4
FSR reg RBS
RB&6/PGC
PORTC
RCO/T10SO/T1CKI
Power-up B RC1/T10SI/CCP2
&4 Tiver < RC2/CCP1
i = h m RC3/SCK/SCL
Instruction Oscillator ity
Decode & [i—| | Start-up Timer ALU B RG4/SDISDA
Control < RC5/SDO
T Rubn 8 . RCBITX/CK
el
-~ e < RC7/RX/DT
rerat Timer - [ Wreg | ]
(XKi=>{ Generation [~ Timer Wieg PORTD
OSC1/CLKI Brown-out = RDO/PSPO
0SC2/CLKO Resel b RD1/PSP1
In-Circuit B RD2/PSP2
Debugger r - RD3/PSP3
r W
Low-Vollage = RD4/PSP4
Programming N RD5/PSP5
RDG6/PSPB
RD7/PSP7
PORTE
MCLR VoD, Vss 4[] REO/RDIANS
:(f +—=[<] RE1/WRIANG
H—[X] RE2/CSIAN7
; | i Parallel
Timer0 Timer1 Timer2 10-bit A/D Slave ot
Synchronous Voltage
Data EEPROM CCP1,2 Serial Port USART Comparator Reference
Device Program Flash Data Memory Data EEPROM
PIC16F874A 4K words 192 Bytes 128 Bytes
PIC16F877A 8K words 368 Byles 256 Bytes

Note 1: Higher order bits are from the Status register.

© 2003 Microchip Technology Inc.

DS39582B-page 7




PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION
Pin Name PDIP,SOIC, | QFN | I/O/P Buffer Deserlstion
SSOP Pin# | Pin# | Type Type P
OSC1/CLKI 9 6 sT/ICMOS® | Oscillator crystal or external clock input.
0SC1 | 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.
0sCc2 6] 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.
MCLRNVPP 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.
VPP P Programming voltage input.
PORTA is a bidirectional I/O port.
RAO/ANO 2 27 TTL
RAQ 110 Digital /0.
ANO | Analog input 0.
RA1/AN1 3 28 TTL
RA1 lle} Digital I/0.
AN1 | Analog input 1.
RA2/AN2/NREF-/ 4 1 L
CVREF 110 Digital I/O.
RA2 | Analog input 2.
AN2 | A/D reference voltage (Low) input.
\VREF- o} Comparator VREF output.
CVREF
RA3/AN3/VREF+ 5 2 TTL
RA3 le} Digital /0.
AN3 | Analog input 3,
VREF+ | AJD reference voltage (High) input.
RA4/TOCKI/C10UT 6 3 ST
RA4 I/0 Digital I/0O — Open-drain when configured as output.
TOCKI | Timer0 external clock input.
C10UT (@] Comparator 1 output.
RA5/AN4/SS/C20UT % 4 TTL
RAS5 110 Digital I/0.
AN4 | Analog input 4.
SS | SPI slave select input.
Cc20UT (0] Comparator 2 output.
Legend: | =input O = output 1/O = 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.

DS39582B-page 8
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PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION (CONTINUED)
Bin Naina PDIP,SOIC, | QFN | l/O/P Buffer Bkt
SSOP Pin# | Pin# | Type Type L
PORTB is a bidirectional I/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INT 21 18 TTL/ST
RBO le} Digital 1/O.
INT | External interrupt.
RB1 22 19 lle] TIk Digital I/O.
RB2 23 20 l[e] TTL Digital /0.
RB3/PGM 24 21 TTL
RB3 l}e] Digital /0.
PGM | Low-voltage (single-supply) ICSP programming enable pin.
RB4 25 22 110 gren{e Digital /0.
RB5 26 23 110 Tk Digital /0.
RB6/PGC 27 24 TTL/ST@
RB6 le] Digital 1/0.
PGC | In-circuit debugger and ICSP programming clock.
RB7/PGD 28 25 TTUST@
RB7 110 Digital /0.
PGD 110 In-circuit debugger and ICSP programming data.
PORTC is a bidirectional I/O port.
RCO/T10SO/T1CKI 11 8 ST
RCO 110 Digital 1/0.
T10S0 0 Timer1 oscillator output.
T1CKI | Timer1 external clock input.
RC1/T10SI/ICCP2 12 9 ST
RC1 l[e} Digital 1/O.
T108I | Timer1 oscillator input.
CCP2 110 Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 13 10 ST
RC2 110 Digital 1/O.
CCP1 1o Capture1 input, Compare1 output, PWM1 output.
RC3/SCK/SCL 14 11 ST
RC3 lle} Digital /0.
SCK /0 Synchronous serial clock input/output for SPI mode.
SCL 110 Synchronous serial clock input/output for I2C mode.
RC4/SDI/SDA 15 12 ST
RC4 lje} Digital /0.
SDI | SPI data in.
SDA Ile] I2C data I/O.
RC5/SDO 16 13 ST
RC5 I} Digital 1/O.
sbo O SPI data out.
RCB/TX/ICK 17 14 ST
RC6& lfe] Digital /0.
TX o} USART asynchronous transmit.
CK 110 USART1 synchronous clock.
RC7/RX/DT 18 15 ST
RC7 le} Digital I/0.
RX | USART asynchronous receive.
DT 1o USART synchronous data.
Vss 8,19 5,6 P — Ground reference for logic and I/O pins.
VDD 20 17 P — Positive supply for logic and /O pins.
Legend: |=input O = output 1/0 = 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.

® 2003 Microchip Technology Inc.
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION

PDIP | PLCC | TQFP| QFN | I/O/P Buffer

it Hae Pin# | Pin# | Pin# | Pin# | Type | Type Bescrption
OSC1/CLKI 13 14 30 32 sT/cMOs | Oscillator crystal or external clock input.
0sC1 | 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).

0SC2/CLKO 14 15 31 33 - Oscillator crystal or clock output.

0sC2 o} 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 S Master Clear (input) or programming voltage (output).
MCL Master Clear (Reset) input. This pin is an active

low Reset to the device.

Vpp P Programming voltage input.

)

PORTA is a bidirectional 1/O port.

RAO/ANO 2 3 19 19 TTL

RAD 110 Digital 1/O.

ANO | Analog input 0.
RA1/AN1 3 4 20 20 TTE

RA1 lje] Digital I/0.

AN1 I Analog input 1.
RA2/AN2/VREF-/CVREF| 4 5 2] 21 TIn

RA2 110 Digital I/O.

ANZ | Analog input 2.

VREF- | A/D reference voltage (Low) input.

CVREF (o] Comparator VREF output.
RA3/AN3/VREF+ 5 6 22 22 TTL

RA3 110 Digital I/O.

AN3 | Analog input 3.

VREF+ | A/D reference voltage (High) input.
RA4/TOCKI/C10UT 6 7 23 23 ST

RA4 110 Digital /0O — Open-drain when configured as

output.

TOCKI | Timer0 external clock input.

c1ouT o Comparator 1 output,
RAS/AN4/SS/C20UT 7 8 24 24 TTL

RAS5 110 Digital I/O.

AN4 | Analog input 4.

sS | SPI slave select input.

c20UT (6] Comparator 2 output.
Legend: | =input O = output 1/0 = 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.
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
Pin Name PDIP | PLCC | TQFP | QFN | I/O/P Buffer Deserintin
Pin# | Pin# | Pin# | Pin# | Type Type P
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 TTL/ST
RBO /O Digital I/O.
INT | External interrupt.
RB1 34 37 9 10 110 TTL Digital /0.
RB2 35 38 10 11 110 TTL Digital I/O.
RB3/PGM 36 39 11 12 TTL
RB3 110 Digital I/O.
PGM | Low-voltage ICSP programming enable pin.
RB4 37 41 14 14 110 TTL Digital 1/0.
RB5 38 42 15 15 11O TTL Digital I/O.
RE6/PGC 39 43 16 16 TTUSTR
RB6 1o Digital I/O.
PGC | In-circuit debugger and ICSP programming clock.
RB7/PGD 40 44 17 17 TTLST®
RB7 11O Digital I/0.
PGD lje] In-circuit debugger and ICSP programming data.
Legend: | =input O = output 11O = 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.
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
Pin Nam PDIP | PLCC | TQFP | QFN | l/O/P Buffer Buseitsion
' e Pin# | Pin# | Pin# | Pin# | Type | Type P
PORTC is a bidirectional I/O port.
RCO/T10SO/T1CKI 15 16 32 34 ST
RCO lfe} Digital I/O.
T10S0 0] Timer1 oscillator output.
T1CKI | Timer1 external clock input.
RC1/T10SI/CCP2 16 18 35 35 ST
RC1 110 Digital 1/0.
T108I | Timer1 oscillator input.
CcCP2 110 Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 474 19 36 36 ST
RC2 110 Digital I/O.
CCP1 110 Capture1 input, Compare1 output, PWM1 output.
RC3/SCK/SCL 18 20 37 37 ST
RC3 le} Digital /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 l{e] Digital I/O.
SDI | SPI data in.
SDA 110 I°C data /0.
RC5/SDO 24 26 43 43 ST
RC5 110 Digital 1/0.
SDO 0] SPI data out.
RC6/TX/CK 25 27 44 44 Sk
RC6 lie} Digital I/O.
TX O USART asynchronous transmit.
CK 11O USART1 synchronous clock.
RC7/RX/DT 26 29 1 1 ST
RC7 110 Digital 1/O.
RX | USART asynchronous receive.
DT 110 USART synchronous data.
Legend: | =input 0O = output 1/O = 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.
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
Pin N PDIP | PLCC [ TQFP | QFN 1/O/P Buffer Dascrition
ame Pin# | Pin# | Pin# | Pin# | Type Type P
PORTD is a bidirectional 1/O port or Parallel Slave
Port when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 38 STTTLE)
RDO le} Digital I/O.
PSPO 110 Parallel Slave Port data.
RD1/PSP1 20 22 39 39 STTTL®
RD1 11O Digital I/O.
PSP1 110 Parallel Slave Port data.
RD2/PSP2 21 23 40 40 sTTTL®
RD2 110 Digital I/O.
PsSpP2 110 Parallel Slave Port data.
RD3/PSP3 22 24 41 41 sT/TTL®)
RD3 110 Digital I/O.
PSP3 110 Parallel Slave Port data.
RD4/PSP4 27 30 2 2 ST/TTLE)
RD4 110 Digital /0.
PSP4 110 Parallel Slave Port data.
RD5/PSP5 28 | 31 3 3 sTATLR
RD5 le} Digital I/O.
PSP5 110 Parallel Slave Port data.
RD6/PSP6 29 32 4 4 STTTLE
RD6 110 Digital 1/O.
PSP6 1/0 Parallel Slave Port data.
RD7/PSP7 30 33 5 5 STTTL®
RD7 1[e] Digital 1/O.
PSP7 110 Parallel Slave Port data.
PORTE is a bidirectional /O port.
REO/RD/ANS 8 9 25 25 sT/TTL®)
REO 110 Digital I/O.
RD | Read control for Parallel Slave Port.
ANS | Analog input 5.
RE1/WR/ANG 9 10 26 26 sTATLE
RE1 e Digital I/O.
WR | Write control for Parallel Slave Port.
ANG | Analog input 6.
RE2/CSIANT 10 11 27 27 ST/TTLE)
RE2 11O Digital I/O.
Cs | Chip select cantrol for Parallel Slave Port.
AN7 | Analog input 7.
Vss 12,31(13,34| 6,29 | B, 30, P — Ground reference for logic and I/O pins.
31
VoD 11,32 | 12,35 | 7,285 “"nE, P — Positive supply for logic and I/O pins.
28, 29
NC — 1497 1243, 13 — — These pins are not internally connected. These pins
28,4033, 34 should be left unconnected.
Legend: | =input O = output 1/0 = 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.
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