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ABSTRACT

To design and make power circuit is control by microcontroller that is take microcontroller to
control current and voltage of power for decrease error from tune by owner and increase speed by
digital to analog converter and analog to digital converter to be digital link between
microcontroller and power circuit for control current voltage and take voltage and current from

power circuit to show in LCD monitor
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woEv—1 a0 le—ereme0
RAWANT"—* 2 39 [*—*RB&PGC
RAVANI®*—% 1 8 [*—-"Rras
RAVANZVREF-=—* 4 1 [TRB4
RAVANWVREF+*™*§ 36 [*"RBIPGM
RATOCKI =" § 38 [*——*RA2
RAMANASS +——* 7 ~ W[ rEi
REO/RDVANS 18 T~ B[TURBUANT
REVWRIANG*—*19 x, 32 VDD
REZCSANT*—>10 2 s
VDO 11 ©  0[TROVPSPT
VSSTT 2 = 9" "RDPSPS
OSCLCLKINT*}13 28 [*—"RD5PSPS
OSCUCLKOUT=—=|14 77 [*— " RDAFSP4
ROOTIOSOMICKI*—* 13 26 [(#——=RCIRNDT
RCNTIOSUCCPT*—*i6 28 [+ RC&HTXICK
RCZCCPI*—*|17 24 [**RCS/SDO
RCWSCR/SCL* 18 123 [*—* RCHSDVSDA
RODOPSPO*~"119 12 [** RCVPSP3
RDIPSEI =20 21 [*—* RCUPSP2

U 2.5 TulnsnouInsames PIC 16F877

23.1 Insaadavedlulnsneuinsaass
Tulnsaoulnsamoiaszqa PIC filaranfrmawdnyus W18 1491, 28 ¥1 1AL 40
¥ sunsautimiaoanui 14 3 wu fie
1. vueaus TlsunsuuuuuNaw(FLASH Program Memory)
2. mitwAu$1oun(Data Memory RAM) Hiuu1an11uy 64 13 1536 Tud
3. miswANuS1YeyaddWsoN(EEPROM Data Memory) Tivnianaiuy 256 Tud
Tulnsnealnsames PICI6FS77 imosaldnunadu s wain Ao PORTA 6 {a , PORTB
8 ia , PORTC 8 1in , PORTD 8 1A (10¥PORTE 3 iin Wunosiauuu 2 fiena fie mnsa
A 1diBunauazedna tazfuthmesafiemsouasdyaiu ADC (Analog to Digital
Converter) 148nd0 TuTnsneaTnraimed PIC Tqueandtademelli

imoia Bunmedya viia 3 iia, 6 O, 8 in 17U S nesn

tviaonud Tusunsuuuuurday 1 §4 32 kwords

e nudideyausy RAM 64 fia 1536 Tud

fimiwnnuiiouaddnsou EEPROM 256 lud

o o« o«
nwes 7 n a3

- Tnies 0 vuta 8 1ia
- Ines 1 yura 16 1

- Inwes 2 vur 8 iin



- TinszuaFaduaznszuayes a(High Sink / Source Current) 25 mA
- 199sulasdyau Analog to Digital Converter 10 1ia

»
- finvsanusuvuuday mwrsadisunazay 1Aunndi 100,000 AT

23.1.1 wimlszanananaly (CPU:Central Processing Unif)

widszmananay uodsznananalsznouAIe1995AIN 9 HaWNT 1FU 2387
AIRUIANAZTTVUMSHINU(Timing and Control Unit) Fazimihfisamsnanuaves
IR MuALAE AN A ER MY mifnnaminndamaniiasae(ALU: Aritimetic
and Logic Unit) Tavezshmihidnnamazilssinananuadiamaniuazszuuasin 19ss
apATHAAES (Instruction Decoder) sximihfintasirdmamualdidlunuundos (Machine
Language) 197AAUAISTUNDAATIABY (Program Counter) 2993AUAUA YRR
(Oscillato) AasAsumizsaNuiNIElY azdu q Al lunmdudeyaazmslszinawa

1 | 4
veeianlssurananma fhudu

2.3.1.2 "848 (Memory Unit)
Tums@ouTdsunsudaonnd Wi lulnsnoa Insamesiiudesiildeiaves
miwnmsursTimsidinedae dmsumisanuiluszityTasaealnsamed PIC
seimionnuilums o Sl
- vuswaud IlsunsuuuuuWa¥(FLASH Program Memory)
mireams ey (Flash ROM) Tuilegiiuiimizurnusrsiiadl idgminidmy
TulnsnealnsamoimawuTsmaioju Tasliguauiialums@vuTdsunsuuazay
TsunsuAunndn 100,000 i é’amiﬁmuﬂ:ﬁmmﬁ'1qqmﬂmmzﬁumiﬁmumuﬁﬁ
vuialng
- miwaui Tdsunsy (Data Memory RAM)
missanuirdain Bidfudeyavaslznanallunsy emsosnuasion
FoyalWvazinidus uadiohiswInidudoyama o szrawhl mamiasanusidauiihi
nel¥amezdesdemisnususunioueniiyl (Extemal RAM 138 Data Memory) floqiiu
maTuladdmihimneshnad s fimsussymissanuiisznm Data Memery €Ty
Fihay
- HUUA1INS LNUBENS B (EEPROM Data Memory)
HUANUSWLBLDDHT BN Fhumizganusinannsafounazan Tosunsudae

nizud I lumiaon1u$19173909 PROM (Programmable Read Only Memory) TaomwTuil



10

manann Musuntimizsanuirvinsn ifudeyaldorsuvumicosnudrsen Tau

aunsoweuuazauTsunsudauraiw q aseld

2.3.1.3 NpIRDUNA / 181ANA (1/ O port)

lulnsnoalnsameseziinedadmivAndodomifugnsaimouenudand Saquszaad
umsBounazquanidveaesa Tavmusoasdedemstugnssimouenimihiidu
DUNAUAZIDIAYA 1A

ud cPU vosluTasnenInsiaes PICI6F877 vun 40 41 Tidygnuii €aade Sunas
e wneameda TS moundygefidu 33 v feil

- PORTA RAG-RAS §1U7U 6 V1

- PORTB RB0O-RB7 41171 8 1

- PORTC RCO-RC7 $1UM 8

- PORTD RDO-RD7 §1U2U 8 91

- PORTE REO-RE2 §1U2u 3 ¥
ndyguusazvivedluTnsnoaInsataed PICI6F877 Tndriinisritomsed
1.PORT RAO-RAS wain A fndggnusiusu 6 1 laodlundygiuldfaseduna /
[ AnANesA uasdahmifiiudunavesdg e ADC (Analog to Digital Converter) #70
RAG/ANO - viFygnuARADBUNA / 101ANANDS A

- Yidgygudunad M3y ADC 3830

RAI/AN] - VA UARADOUNA / (BIANANDSA

- Yy wdunadmu ADC ¥o3 |

RA2/AN2 - nidgyguAadoduna / 1 1anANDIA
- nidyuduyad iy ADC ¥04 2
RA3/AN3 - nidyguAndeduna / 1 1AyANDIA

- ndgguduyadmiu ADC ¥4 3
RA4TOCKI/CIOUT - midaygmuuniin suna'lnwes o
- ndgawEAna Soudou ADC Y841
RAS/AN4/SS - Vg uduna §miu ADC ¥843 4
- dgyay1 Slave Select fotnesanyns My Tnsia
- VAR AR afSuudiou ADC Y942
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2PORTB RBO-RB? woia B findggadmou 8 1 meluiieingsw (R-pull Up) 13

Andaduna / 01aanesa uazdaimimiludggudunslumsdumofinisnnouen

A
RBO/NT

RB4-RB7

VIAYUARADBUNA / 11ANA NOTA
ndgyaubuya Sudyanudumesinmninmouen
NdgIuAaRDBUNAIDIANA NOTA
ndygruAaredunaIAYA noTa
dyguAAABBUNAL AN NOTA
NdygnuduRAiuusIFUdSY) $1iin3 Enable
nfiyg uAnAsdURAIL AN NoTA
MBTuI9INYEN (R-Pull_Up) uag Interrupt Logic

- n a o o =
VIMMATWTUNADUIADST “’lﬂé’ ﬁ'llJﬂ'Ii Enable

3PORTC RCO-RC7 Woin C Tmdggnusuau 8 v1 Taomesa ¢ dlunoiandadodganu

TAnawguuy
RCO/T10SO/TICK1

RCI/T10SI/CCP2

RC2/CCP1

RC3/SCK/SCL

RC4/SDI/SDA

RC5/SDO

VIR IUARARDDUNA / IDIANA WOTA
dyguueMyANsTseaTmamsivas Inwes |
ndgygrusuyaveadgyanannAnvedinues |
NAYYUAAADDUNA / 1019 WA NOTH
ndyauduyansesadmamesvesinuesd 1
ndyanuedyaissnsuiisudyauvesluga cop2
NEYY IO WAV PWM

NAYY IUAAADDUNA / 1014NA NOTA
ndyguaanssnfSsufisudygnuvesivga ccpl
NAYY IO IANAVEI PWM

N IUANRDBUYA / 1D1ANA NoTA
NFYYIWUIRNOINDT SPI(SCK)
nigyauUIRMYeIsTnia I°C(SCL)
NAYYIWAARDDUNA / 1919 ¥A NOTA

nNdgygIuduya / Yeyauueynsy veaszyuy SP1(SDI)
ndiygnudoyavesszuula 1°C (SCA)

VIAYYUAAADDUNA / (B14NA NOSA



RC6/TxD/CK

RC7/RxD/DT

ndgygueawa / doyauuueynsi veaszuu SPI(SDO)

NFYYIUARADDUNA / (DIANA NOTA
g audidoyaunueynsu (TxD)
widyywutEn/ Falasda (CK)

vIFyauARABDUNA / 101ANA WO A
nfygyruivdeyauuueynsu (RxD)

ndggrudeya / Falania (DT)
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4PORTD RDO-RD?7 noia D flvidggnudnnu 8 v Tesdhindgygulidasetuna /

©WANDIA tazdaimifveenes Al (PSP:Paralle] Stave Port)

RDO/PSPO

RD1/PSP1

RDI1/PSP2

RD1/PSP3

RD1/PSP4

RDI1/PSP5

RD1/PSP6

RDI/PSP?

gy uAndeBUNA / 101dYA NO3A
ndygnuveewesALU LV IUiA 0
Ty IUARRDBUNA / 101ANA NOTA
Vg uIteneTALLUYL LA 1
Ty uAnAadUNA / 101YA NoTA
VIR g mvnuNe I ALUUVTA 2
NFYauAnAdUNA / 191ANA WOTA
dyguveneiatuuvLIuLia 3
Y uARABDNA / 101ANA NDIA
iy uveINesauLuvUIUTA 4
Ny uARAdUNA / 1DIANA NOTA
A YUYW IAUVYUIUTIA 5
ndyanudadoduna / (01dNA NoTa
VA YYIUVIWNDIALLLYUIULIA 6
ndyguAndoduna / 1mdna noia

ndygruvsiones auuuvuILLa 7

5PORTE REO-RE2 Woiw E lindggnadnnu 3 v lasdundgygiuldtaaatuna /

nanesa uazdaimmimidludunavesdyiu ADC (Analog to Digital Converter) A0

REO/ANS/RD

- VA YANUVTIUNDS R VYLIUAIUALATTBTU (RD:Read)

NAYYIUAARDDUNA / 10I1ANA NOTA

Vdygrdunadmiu ADC %03 5
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REV/ANG/WR - NAYYIWARADDUNA / 1DIANA NOTA

- NFyguduyad iy ADC ¥93 6

- NFYINUVNENOTAUV VYU IURIIUMSITOU (WR: Write)
RE2/AN7/CS - IRy uARADIUNA / 11AWA NDTA

ndgygnudugadmiu ADC 1947

vidganuveIHes ALUUVITUAURNMSIAB Y nIal
(CS:Chip Select)

J N »
sndggnanialselimhit lumidsdodyg udail

MCLR/Vpp - Ay d MU N sxvhnuRianin 0 (Master Clear Input)
- wdygusuns wuTilsunsy (Programming Voltage)

OSCI/CLKIN - idygudimivdensaasn / SudyguuiAm

OSC2/CLKIN - vidggnadmivdenTaaea / Sudyaouiim

vdd - yire s (+5v)

Vss - YIRBNTIA

23.2 midambennudrvedlulninealniames PICI6F877

liTninoalnsaiaes PIC16F877 1nu Flash Memory TimiasA21ui19oya (Data Memory)
Uy RAM 368 Tud uaz EEPROM 256 lud Tau CPU sfimsiaassauilumsida
Warud 4 bank Tuusas bank seivunagaga 128 Tud Taoluudas bank sedfuiitums

A ' e o A da a o o
ﬁlﬂ‘u'ﬂllﬂﬂﬂNﬂu MIVATTINUNUIVATIDURAIU

AU bank 0 Address (0x00-0x7F)
2 4 aa
Address (0x00-0x 1F) iunuiivesIseany

J a 1 3 s - o ]
Address (0x20-0x7F) lunuimisn nuiweyad wmsulFnuia i Tasiivua 90 Tud

T bank | Address (0x80-0xFF)

Address (0x80-0x9F) o3 maoy

Address (0xA0-0xEF) uuimizen nuirdeyadm su 12 lil Tasiiving 8o Tud
Address (OxFO-OxFF) Auiilumsinanazmilousy Address (0x70-0x7F) W bank 0 Tan
anunsol¥doyasuinld
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fuih bank 2 Address (0x100-0x17F)

Address (0x100-0x10F) Wufiufive 3 imnod

Address (0x110-0x11F) ilufiuimizonnuirdoyadmsuldauts 1 Taofivum 16 lud
Address (0x120-0x16F) (ffufuimizonnuiideyadmivigaotal lasTivuae 80 1ud
Address (0x170-0x17F) funlumshauszmiloudt Address (©x70-0x7F) T bank 0 Tag

aunsol¥doyaswiuld

A bank 3 Address (0x180-0x1FF)

Address (0x180-0x18F) iluRufives3smany

Address (0x190-0x19F) Shuufimizonnuirdeyadmiu i ouia Wiaeiivua 16 ud
Address (0x1A0-0x 1 EF) fumuimizsanudoyad mivlmta ) Taviivuia 8o Tud
Address (0x1F0-0x1FF) ﬁuﬁ'lumiﬂmuﬂ:mﬁauﬁu Address (0x70-0x7F) lu bank 0 Tau

ounsalidoyaswiuld

2.4 nsnhedganansneaiivduanaeinen

Taoyia hlgunsaifilnumediuownen(analo)  szarunsoaImgumsiiélas
s Wrzduussdufiuanded  usidednzuudtaeaigial)  AUQUMIRINIUYES
qunsein aumedewaen  ssdesiinesfrunsaidounossninizuudiasaiusyu

suaen uisrwunlasdyenudsreailydygywouiasn(Digital to Analog Converter :

DAC)
Voltage
Reference
l
A
g )| Soree owich Resisir (Buttr Ampiter |~ Vorage

7 2.6 srvumlasdygpwdtneaiiudyg uouiasn
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gudifgverneitlafygrudlaeaiiudygasuaenie eusdaindiniugudae
o o4 Ao ' o o ot o . . s  J 1 d’ a1 o -
a8nFilt U N ya Ui uan luuti DaBinary Bit) aindinariiscAanensviusiang
P o ] L a0 : a Y
VANTaA129950 1503 F AT (Amay Resister) AN 9 Afimuaiimiamusialuud
¥ )
(Binary Code) WuszAuveanszue wimiunszuaszgauiasdiuussfunduiuiaedu dag

1ires Llﬂnﬂﬁllﬂlaﬂid(Buﬂ"er Amplifier)

Analog
outpul

1\

Vs

(7/8)Vfs
/”w

(8/8)V1s .

(5/8)Vfs

(8)vis z

(3/B)Vis

(2/8)VIs £

(1/8)vis -
4

4 . Binary
> input

000 001 010 011 100 101 110 111
71 2.7 n3wandeifandu lugaurives DAC vuta 3 iin

o o * o o o o o =) = 4 A
vingli 27 szudufuaudiiuivewsduenaeatusiatons 3 da  Fuile

a o - 4 o o P-4 e > o 1 ' > 15’
1““1”“151““1]“ lliQﬂuau1ﬁ0ﬂﬂﬂzlﬂu”u1‘uaﬂﬂm3ﬂluuu A YHRYBILAdTYUHIE

vin
Re solution =V, [2" (2.6)
A - o ar s
TL Vs AID 32AULTIAUIDIANATIA
A o = =
N A8 2 THIULAYEITUNA

& . o, - 4 4 ' g a
Snudmauiia anuazBoauel DAC iy 1¥u iel¥ DAC vua 12 1in uas

-~ 1 Y] A ¥ -y
Vs =5 V ANUBZIBUAZIMINY 5 V / 4096 = 1.22 mV ¥39201An71 DAC Y114 8 1iAda 16

m
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2.4.1 ANUQNAPIYBA DAC

AMugNABIeY DAC srduiumasdan wu aaewlawdiueoises(Quantization Error)
DAC 1ia 7,5 = 5.0 V edyasziinnuazidon 19.53 mv Md8amsio1ana 4.00 V DAC wld
01na 18 IndiRnfiqafle 4.04 V (19.53 mV x 205) Aenaia 4 mv TavialumiAanaines
11 +/- 0.5 LSB (Least sigmificant bit) #796131%% DAC 8 18 anuAanatasziiu 1 Tu 512
30 +- 0.195 % SoviEivBIsSLazINILDLI 85 (Offset Error and Gain Errors) (iiodunalu
Wiy 0 uAanaves DAC iy o Sounii offset error LAZDIURATINAY gain error
anuAanmamsim s naesfiifuves Dac THsduntens duegiunminuga
molu DAC ad1a15iA offset error a2 gain error pzuf 1A Iav1Fanudnumiuylsun1dde
Vmouen anwhidhaudu(Nonkinearity Error) fofmamunataindougeqavomsnunes
#adduves DAC dsuiuduas :wingagudias yagage éaﬂzfuaejﬁummﬁﬂwmmm
dautlsznounivlu DAC lumdi3n(Data Sheet) ¥0a DAC szazyiiunlosiausifoniu
mgaga nioszydurpdiuves Lse (Tavihilfie +- ¢.5 LsB) NANFRAYSetting time) D
FananivugIiBunamunsyia DAC Wowna Jaiilow iyail 1dAanmaninasalon
% 0.5 LSB Ammiionnriosndt 100 as #mFy DAC anudags uazewsuinnh 100 us

MU DAC 518190

2.4.2 N95 DAC 1111 Binary Weight Ladder

Vref
1 AN
. S2 2R
4 -—9
S3 4R o VOut
¢ )
sS4 B8R
»r—0
LSB
1

10 2.8 2495 DAC uu Binary Weight Ladder



gl z & 21 17
ginmeayanan wizaouNMMANSEIR

- ] [ ar an o &
ningiii 2.8 dhusnesedndwlumsnnlafygpaRdasatiudygusuiaon Fezmu

] = » ’ .i o L 4 A 9 1 Y-
T UANLAIUNIUA 2R , 4R LA SR INDM IMNTSUANAIUANINA N MUAATAIUAIAADY
dhu 2 o 9imiu eedluewnil erdna e miinSaounszuasuiidhuns Wy Taoez14

wsadudh v, = (7, /28 )8S, +45, +25, +5,) desTna=1,s A =0

2.43 197 DAC UVY R-2R Ladder
-: 9 4:‘ [ oy =
avdiilesduinniuesulasdyguadasaiiuewiassuuy R-2R 2993 DAC 80
& duyo a A ¢ o4 A p
uuumila ldsunutonfienuy R-2R naaes safiieannaunsamgulnseitumsada
299718310 p3zUMIT§132985 DAC 923 uduninesdadimudsvinuiu 2 &1 A
2.9 (n) n1sAIRIUMUABIAITIA UMY pIzuad TnadudA M Iasadezlinumdude
» ] [} ¥
pfy 12 aimiuiinsnasudesdidiumumevnsmvivednesdalugdin 2.9 (v) M
Y 4 v o 4 ga o 2 » 2 » a
ANUAIUMUTIgA X BzphAY #hfe 2R Anfumanudmuimdudonazyniieves
1@ X wzfimhdufe 2R mbflTanszuai Tnakmniiufe 12 vinga X linszuanadh

12 szgauoniiugeamiadiod i in i 2R aeadafinevuiui

X
R R 2R
2| V2| I/4 |
(n)
1’ X R R R
3
2R 2R 2R

==

V8| 1116} 116
(n)

710 2.9 Augveaneslnadyguowasniludlaeauy R-2R

72859
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sz Inaduaes luaniitaiiy 14 dumnoanuh mindeninesadmumudll
< -1 e 9 o o u’f

pnvawenat Mziilnszuagamdoinaiu miloudumsadniulavesnssuaiiaziv A
saruveIdimufingiife R uaz 2R Avlunes i 2.9 (1) 1ntiuniaees R-2R uaa

woestasiunsmasinszumiuussiulaolfeoruoud) 1l 2.10

2R 2R
A A AN 1
e
2R
B —A\AN—7
§R
2R
C A1 Rf
AV
R
2R
D

«— Vout

q1fi 2.10 2295 DAC uny R-2R #limseetuouillunsuasainssumibuis il

Taoh 7, sxfluswasanvoanszueildainies R2R uaawei undaed Heudeya
A3mon 1011 WMduna DCBA YiliRanszualvadu R2 , R4 naz R8 s wiufiduns

A = v
voseolusutnaodiu 7, dslimn

I, =£+-I—+-£— (Vi)
2 8 16
dufu
1 1
Vour =| =+ —-+— xR 238
our (2 8 lﬁ)x ! (2.8)

o& 1 9 3 s o W b ] .
:mu'lﬁ"n 135197993 DAC 1uu R-2R 32uv0ARD H1ﬂ']ﬂ1u“1u1ﬂ‘310ﬂ711l1|ﬂﬂ1“u9\
u' v o 3 A Vo o =t ¥ i ° 'v w a ¥ ¥ 4
HIMUNAATUNTUNAD 11‘9\19\1‘"“111[““\1 2 M 1u'uiuzmm1mmuﬂu1Huﬂmmumuna~ﬂs

o ¥ L] ¥ av  a [y A4 P o » o 9 ; g
fAnumunawauazdsinmiguiuliifeo q ¥ limaddmuldnniu



2.5 ledinJasdyanaddnealvidudyanaminasnving 8 iin : DAC-08

DAC-08 iHhuledumlasdygnuriaca Iddludygruemasnyvuin s iin

Dualdn-Line Package

THRESNOLD | U "
CONTROL ¥ ¢ * P COMPERSATION
W"" "‘ivniﬂ—l
vl LT
out ~ L
gt AL
2 L
ﬂ—,l v:'—“
200088513
Top View

11 2.11 Anyais s 19989 DAC 0800

2.5.1 Snwaiz¥IABIEIu

wimdesieIWiAswn 113
viumdesioin@sean "3
iy swIN ni4
vidggudnsay V15
VIAIADADUNA DO - D7 1512
ASZUADUIABNIDIAYA 4
AszuaoLIRBAIDARARALING w2

2.5.2 GAMMIZASIYIIM
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1. $amdenelvides (Power Supply Terminals)

¥1 13 uaz¥1 3 Y09 DAC-08 ApvaumdeiioIMidsarnuas IWdosauamd iy Ta
Tiassmswitinsaunsonlsmidlusa +45 v 81 £ 18 V uazandedufimlszy
I 01 oF sEninsaumdsioW@osiunsalide snmedumsmoae Gy

pass) Thdygnusunuans1Ia Adueaslugifi 2.12
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-10v +10V
Iner = Vige / Rer = 2MA a

0.1uF} 0.01uF 0.1uF
Rf5 kD
AN~
B B lout +15V
16 13

l 14
! Reer 5kQ | * DAC-08
VREF 4‘[ -
- 5 kO

—_ Vout = iout Rf
lout
-—

v 15
5 6 7 8 9 101112 1

T -

= D706 D5D4 D3 D2D1 DO =

= -18V

71 2.12 m3d® DAC-08 e s sdupwIaneIAnATiATiunIn
: -l -
2. ggnu 183 (Reference Terminals)
»”
¥1 14 1azv1 15 Aevursiud b ninz19bRumudiy msadausidudesin

ueraa1AAszin 2.12 nyzuedads 7., vosvsuanAD: LAY

1 Ver )

Tauft 7, ;unsolSusmilinfounlasldlugan 4 va wuds 4 ma uazlasiali
ANlszun 2 mA
3. '!f’)ﬁaﬂﬂﬂﬁuvjﬂ (Digital Input Terminals)

V15 D 12 qnﬁmun“lﬁtﬁmfﬁuﬁamwSuunﬁﬁnaa ﬁﬂmﬁuﬁr‘ﬂmfﬁuﬁiymm
vy TTL nie cMos Taufivi 5 Mudiativdvygaga (MSB) D7 uazwn 12 duiimivdwy
#1qa (LSB) D0 aosn 0" SAnlszanw 0.8 v nieviosnd Tuvmzfiaein “17 sxfidnlszum
2V wiemnnniiil Invtufuumdssevdes
4. PSTUADUIABNIDIANA (Analog Output Currents)

tivsmndygnauednailénnled pacos sglugvesnszumeriyalaon 4 vin
wihfisonszuaeuanme e /1, 1Az 2 sRnsTUNOWADNDIANA 1, Faimama
asyvuthununszun 7, Mldifsnnvtanguuaziinnunasdatumniuer bac-os llls

> o & ' v T - Yo 4 A o & 1
e anuduWuisenInnssue 1, du 1, eluwlddiil demdadniugumelueglu
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(d ' -,’ ] o - A = -’:

dumia “1” nszumagananuassiinudu [, uazlunandusuieniadniugmanua
» PR

ogluduma “0” nrzumeIAyAveNesiivzlinuiiu 1,

T H a -~ r -
fveansziamviiaiia LSB nieds lagiu annsanilaom

Vier x 1 (2.10)

wr 2

resolution =

4
fafunszumeIdnaveaes Jaunsodumidann
1, = resolutionx D .11
Taohi D feo  wuguduveadgonuatneaduya  nididyguAInsadunaliduniny
11111111 w3eli1 D = 255 MlAnszumeordna 7, Hiweenninw 4 Jannzdunszue
&
(WY AAUAND (full-scale output current , /,;) ¥m11Aan

I o5 = resolutionx 255 (2.12)

pszumoanaduana 1, iiunasinvenszumimualutavsuasmesnwly DAC-08

oul

wiepAsnaT VeI 1, fu 1, Tues milddwenszua 1, dunsonilasn

I, =15-1, (2.13)
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UNn 3

MSAIIUAZMTTIN

3.1 23050wMaaInn

3.1.1 aqniﬁuqnszuuuazvqﬂsnsaq

LM31 7TJL +33V

: R24
I 120

T
220VAC

\’ \/ ! = >
3 S o L
4 cs

ce . R25
T 10uF K

GND

B

—AM-
a
]
—
o
=
5
£

LM337 -33v

U 3.1 wenTsuauaz 993 RI 0]

nifouasesiinradass W fhnrzuaady 220 Tradl¥inds 30 Taad eswlisy
IS snzuanIYYTAY -?49:15115aﬁ'uni'flu‘lﬂﬂ1ns:urmnvﬂﬁ'wmmmzﬁmauuuu
War(Full wave) iilormuathdimed c4 uaz €5 s ius s iGoudy ety
1wl ivuBunavesledispames LM317 waz LM337 TauRdadumu R24 uas R25 i
Hfumuivzhmualidueimavesledsgamed LM317 M +33 Taad o
Funu R2s waz R27 dhudd e dmuatid e wyavesledis games LM337 B
f1-33 Toad dhwsuanhdmed cs 83 Co sxvimihinumn(oy pass) edaygnusunaua

’
NINIA
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3.1.2 MARIUANITIAY

-1 +10V

oV
C1 0.1uF | C2 Q.010F C3 0.uF Rx 1k
i1 i A
_[_ 1 T*1W
= = . 1C2 741
lacr = Vigy { Reur = 2mA — T
3 18 1’ 4 .
Y s TLL |
*+
u!. Recr S IC1 DACOB0D 1oV
v T 15
5 87 8 8% 101112 1 2 R6 1k

ST Y e

= D7 D8 DS D4 03 D2 D1 DC =

U1 3.2 mAnduguus AU

Tat DAC 0800 sxvhmyhinasdygudsaeniduowasn Tavesduenddaf 1 (c2)
whmhiAousinszueiihuns iy wdrdeeduenildaft 2 1c3) uazeetueudliaf 3
(aca) vevusnildai 3 (1C4) ‘r'nmﬁﬁlﬂuﬁuna{émauﬂlﬁsnﬁunﬂﬁﬁ'ﬁytmm daldaeel
wondldafi 4 (1cs) Feoerluendldaft 2 (1C3) uazerluendida® 4 acsy vxiamdnuue
Ruafufie vmimdmaeiindeendeud ws ssubhiiunszuamidmuaniige B e
dalununumasieIdfuazaszuaiidnuin uasmafmaviiga ¢ edalurugquaase
thuaznszuafidnay

ASAIUIUAT Rx LazA1 Ry] Ao miminauns (3.1)

Vo =Vref + (I1+ Iadj + IV)R2 — VBI (3.1)

=Vref + ((K%i) + ladj + Iy)R2 - VBI

= (VREF(1+ (%)) + IadjR2) - VB + IyR2
=(1.25(1+ 320%)) +(50u)2k)) - VBl + IyR2

=(6.25+0.1)~ VBl + IR
= (6.35-VBI) + IyR2



a¥19 —VB1 = 6,35V (Wounind1er 6.35 vy

sxindemoy IyR2 @ady

@en Rx = 1k 1omy)

A 1 =4 1 1 o

¥3IAT Ryl 92UAUNIAU Ry2
9214 Ryl = Ry2 = 133 Towi!

Vo = IyR2
= ((—[—{-x-—)ldac)R 2
Ryl

Rx
= ((R—yl—)ZmA)Zk

Rx
30 = (—=)4
(Ryl)

R
Ryl

(ﬁ) =75
Ryt

30
&P =7

3.1.3 mang i uaznszuandnuin

33V

A Qs s
] /T y \, v
a Qz o4 Voltage
at-0s Rp1 reguiare
258507 x 5§ in | LM317
Q3
adj

U 3.3 matw R wazpsznafiTnun

24
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usadu +33 Toad T8SumanudendasiivhmanladIfhnssunody 220 1aad et
Wruniugmaeswes 258507 launswgouaes Q1 - Q3 it udyanszuaiisuaun
9IN9A B ¥8INIANILAUISIFU tRonzRounszuadallimntiuaaus swuvesledisnga
Ao (adj) MBAIUAUUSIALIBIRNYAYEI9T AIUNs T enas Q4 uaz Q5 Mndhil
nszuarlifuodna Taogad 1 oz 2 ufeouquassug undaswns Wudu (VBI1) sz

mihndsuudan iusadumerdnaiinuilu o T2ad (zero adjust)

3.1.4 mntwAwasnszuandnay

VB2

) R4
$ 2%

C

¢} ! s
| TR
+ Q7 in out
Qe-Q10 | E]
2502012x S
Rp2 Voitage

Q6 Qs Q9 regulator

- ! 7

{ ]

AV Q10
-33v Rsens2 4

71 3.4 maswidfhuaznssiahanay

usadu -3 Toad WRhunswndendaafivinmsuasIdnszunady 220 Trad fes
Wiunsudmassiues 2502012 Taunswudmasy Q6 — Q8 vmihitliulganszuaisus
11910gA C ¥BINMARILAULS AU oazReunszuad MG S undus swuvesledisnga
1#07 (adj) INOAIVAUITIALOANAVBII99T M MFa@es Q9 1Az Q10 Fnyift iy
nszualiiuiewina Taogai 9 uas 10 fudnrugunssue unassionsadudiu (VB2) szvi

wihnidiuudan Iussdueanatisuiu o 1284 (zero adjust)
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3.1.5 2903AT00UNIZHUTINU

+Vourt
(5> "
R12 500 +10V Comtad §
AR Relay1
i; R8 R14 R22
é 10k % 10k ‘}R"a" % *®
| | IC8741 R2010k
; | ™~ Q13
L. VR1 . L f 28D2012 LEDY
10k Y
i - R18 ] ™
\,
R9 R15 % 10k .
10k 10Kk
J__ R10 R16
N 10k 10k é R19
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USIWUTISU (V) [ useRUNeICH 1 (V) | UsfuvesCH 2( V)
0 0 0
0.5 0.534 -0.534
1.0 1.074 -1.074
1.5 1.541 ~1.530
20 2017 -2.007
2.5 2.599 -2.551
3.0 3.071 -3.001
35 3.548 -3.508
4.0 4.026 -4.000
45 4.511 -4.510
5.0 5.001 ~5.000
5.5 5.500 -5.501
6.0 6.003 ~6.003
6.5 6.505 -6.505
_7._(.)_— 7.020 -1.020
7.5 7.530 ~7.530
80 8.060 ~8.060
8.5 8.580 -8.580
9.0 9.100 ~0.050
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10.0 10.03 ~10.03
10.5 10.57 ~10.57
11.0 1111 -11.11
11.5 11.51 -11.51
12.0 12.03 ~12.05
12.5 12.47 ~12.47
13.0 13.02 -13.02
13.5 13.6 -13.60
14.0 14.01 -14.01
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usaRuRlu (V) | ussduueaCH 1(V) | nseduvesCH2( V)
14.5 14.57 -14.57
15.0 15.13 -15.13
15.5 15.55 -15.55
16.0 16.11 -16.11
16.5 16.53 -16.53
17.0 17.08 -17.08
17.5 17.52 -17.52
18.0 18.09 -18.09
18.5 18.51 -18.51
19.0 19.09 -19.05
19.5 19.52 -19.50
20.0 20.09 -20.02
20.5 20.54 -20.50
21.0 20.96 -21.00
21.5 21.57 -21.51
22.0 22,01 -22.00
22.5 22.58 -22.51
23.0 23.01 -23.01
23.5 23.58 -23.52
- 24.0 24.01 -24.00
245 24.60 -24.55
25.0 25.00 -25.00
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26.0 26.03 -26.01
26.5 26.51 -26.50
27.0 27.07 -27.00
27.5 27.55 -27.51
28.0 28.08 -28.01
28.5 28.53 -28.50
29.0 29.06 -29.01
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usAUNIS Y (V) | us9AUYeaCH 1 (V) | u39du¥eaCH 2(V)
29.5 29.54 -29.50
30.0 30.05 -30.00

: . o A ] - ': o
- nMiihmina A DOWN eaantis unaaldaan diuswou 3 amdudaly

4 - oL 4 v i ]
wiosardausdumivuumiresseadygu TAransnaassniuatiiadi 4.2

A1INA 4.2 anumunialunisaimalaiveanies

USIRURABINTT (V) | usafuvesCH 1 (V) | useduvescH 2 (V)
30.00 30.05 -30.00
29.00 29.06 -29.01
28.00 28.07 -28.01

& o 4 4 v 42 o .
- iy nsnafd UP memunwssdunasld ludansad i 3 el udri

a - ¥ 1 - > A
wiosrd s Wwulmituindnais TAramIinagouaINa1s1aN 4.3

< o 4 A
ATIN 43 mmmmm‘lummwmdwsNamaq

UTRUARDINS (V) | U599 UURICH 1 (V) | 59/ULDICH 2 (V)
28.00 28.07 -28.01
29.00 29.06 -29.01
30.00 30.05 -30.00

npkantmagousziwinmashannsodw Il dgaga 30 Tiad uazamnsods

' o £ A a & [l Y o,
mmmussduiiuaamenugumItnnided Maesssdygnu auveuwandimuall




4.2.2 danszua'lddaud 0.1 - 3 nowdl

43

1 ; ° : v [y 2 : o )
Tuduil @ imsnaaey Tavasmwssaulin 30 12ad Awnszue 3 wowdl Yimsdiam

» v 13
usaRuiaznszuaiIaeIsesfgygtu Az 4.1 udlins 14 Tnasnudummuiiums:

ar A A (-1 1 o
WiunioalaoTnaan1simsaaniainin 12 Tevu suda o Tern Tdrnamsnaneudamsn

4
n44

POWER SUPPLY
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#include <16F877.h>

#device ade=10

#fuses HS, NOWDT,NOLVP,NOPROTECT
#use delay(clock=10000000)

#include <math.h>

#include <stdlib.h>

#use fast_io(A)
#define vref LM 0.02932551319648

#define latch_a PIN_CO
#define clear a  PIN _Cl1
#define clk_a PIN_C2

#define datainput_a PIN_C3

#define latch v PIN_C4
#defineclear v PIN_CS5
#define clk_v PIN_Cé6
#define datainput v PIN_C7

#byte port_b=0x06
#byte port_c=0x07



#define use_portd_lcd
#include "LCD.C"

int8 value_key,mode_select,templ temp2,temp3,temp4,num_set,time_delay key;
int16 step_numl,step_num2,step_num3,step_num4;
int16 step_numS5,step_num6;

intl6 step_num?7,step_nums;

float step_num9,step num10,step_num12;

int8 step_numl 1,step_num13; // use in function step_set
int8 step numO[8};

int8 inc_n=0; // use in step V

int8 value_volt_03;

float value_volt_02;

intl6 value adcl;

float value_adc2;

void show mode(void)
{
switch(mode_select)
{
case(0):
led_putc("\f");
lcd_putc("1.VOLT_MODE");
led_gotoxy(1,2);
lcd_putc("2.STEP_ MODE"),
break;



case(l): // show set volt

led_pute("\f");

led_pute("SET V=");

if{temp 1=—0xFF)
led_pute(" ");

else
led_putc(temp1+0x30);

iftemp2=—=0xFF)
led_pute("_");

else
Icd_putc(temp2+0x30);

led_pute(™.");
if{temp3=0xFF)
led_putc("_");

else
lcd_putc(temp3+0x30);

if(tempd=—0xFF)
led_pute("_");

else
led_putc(temp4+0x30);

break;

case(2): // show set current
led_putc(™f");
lcd_putc("SET A =");
ifltemp1==0xFF)
led_pute("_");

else



lcd_putc(temp1+0x30);
led_pute(".");
ifltemp2==0xFF)
led_pute("_");
else
led_putc(temp2+0x30);
break;

case(3): // show set step volt

led_putc(™f™);
led_putce("STEPV =");
if{temp1==0xFF)
led_pute("_");
else
led_pute(temp1-+0x30);
led_pute(".");
iftemp2=—=0xFF)
led pute("_");
else
led_putc(temp2+0x30);
if{temp3—O0xFF)
led pute("_");
else

led_putc(temp3+0x30);
break;



case(4): // show set current
led_putc("\f™);
led_putc("SET A =");
if(temp1==0xFF)
led putc(™ ");
else
led_putc(temp1+0x30);
led_putce(™.");
iftemp2—0xFF)
led_putc("_");
else
lcd_putc(temp2+0x30);
break;
h

} // end of show mode

int8 scan_key(void)
{
int8 al=0x00;
int® key out;
key out=0;

port_b=0xF7; //columnl
delay_ms(100);

al=port_b;

al=al & 0xFOQ;



switch(al)
{
case(0x70): key out=1; break;
case(0xB0): key out=4; break;
case(0xD0): key out=7; break;
case(0xEQ): key out=10; break;

port b=0xFB; //column2

delay ms(100);

al=port_b;

al=al & OxFO;

switch(al)
{ case(0x70): key out=2; break;
case(0xB0): key out=5; break;
case(0xD0): key out=8; break;

case(0xEQ). key out=11; break;

port_b=0xFD; //column3
delay_ms(100);
al=port_b;
al=al & OxFO;
switch(al)
{ case(0x70). key_out=3; break;
case(0xB0): key out=6; break;
case(0xDO0): key out=9; break;



case(0xE0): key out=12; break;

port_b=0xFE; //column4
delay ms(100);
al=port_b;

al=al & OxFO;

switch(al)

{ case(0x70): key out=13; break;
case{0xB0): key out=14; break;
case(0xD0): key out=15; break;
case(0xE0): key out=16; break;

}

return(key out);

i /fend of scan_key

#separate

void max_v{void)

{
temp1=3; num_set++;
temp2=0; num_set++;
temp3=0; num_set++;
temp4=0; num_set++;
show_mode();

} // end of max_v(void)



#separate

void max_step(void)

{
templ=5; num_set++;
temp2=0; num_set++;
temp3=0; num_set++;
show_mode();

} // end of max_step(void)

#separate

void max_amp(void)

{
temp 1=3; num_set++;
temp2=0; num_set++;
show_mode();

} // end of max_amp(void)

#separate

void stop_run(void)

{
led putc(™\f");
led_putc("STOP RUN...");
delay_ms(600);

} // end of stop_run



#separate
void show_run_v(void)
{
printf{lcd_putc,"\f V=%l%lu.%lu%!lu /
A=%lu.%lu",step_numl,step_num?2,step_num3,step_numd,step_numS5,step_num§);

} // end of show_run_v

#separate
void show_run_step(void)
{
printf{lcd_pute,"\f V=%lu.%lu%lu /
A=%lu.%lu" step_numl,step_num2,step_num3,step_numS5,step_num6);

3 // end of show_run_step

#separate
void shift_byte a(int put_al)
{
int8 con_bit[8];
int8 shift;
unsigned int]l m1=0,m2=0,m3=0,m4=0,m5=0,m6=0,m7=0,m8=0;
unsigned int8 b1,b2,b3,b4,b5,b6,b7,b8;
ml=put_al%2; // LSB
con_bit{7}=mi;
bl=put_al/2;
m2=b1%2;
con_bit[6]=m2;
b2=b1/2;

m3=b2%2;



con_bit[S]=m3;
b3=b2/2;
m4=b3%2;
con_bit[4]=m4;
b4=b3/2;
m5=b4%?2;
con_bit[3]=mS5;
b5=b4/2;
m6=b5%2;
con_bit[2]=m6;
b6=b5/2;
m7=b6%2;
con_bit{1}=m7;
b7=b6/2;
m8=b7%2; // MSB
con_bit[0]=m8;
output_low(clear_a);
delay us(1);
output_high(clear_a);
output_low({latch_a);
for(shift=0;shift<8;shift++)
{
output_bit(datainput_a,con_bit[shift]); // con_bit[0] is MSB
output_high(clk_a);
delay us(10);
output_low(clk_a);

delay us(10);



output_high(latch_a);
break;

} // end of shifi_byte_a(int put_al)

#separate
void detect_a(int8 detect_a2)
{
int8 detect_a3;
switch(detect a2)
{
case 0: detect_a3=5; break;
case 1: detect_a3=5; break;
case 2: detect_a3=5; break;
case 3: detect a3=5; break;
case 4: detect_a3=5; break;
case 5: detect_a3=S5; break;
case 6: detect_a3=5; break;
case 7: detect_a3=S5; break;
case 8: detect_a3=>5; break;
case 9: detect_a3=S5; break;
case 10: detect_a3=3; break;
case 11: detect_a3=1; break;
case 12: detect_a3=]; break;
case 13: detect_a3=10; break;
case 14: detect_a3=10; break;
case 15: detect_a3=2; break;
case 16: detect_a3=2; break;

case 17: detect_a3=2; break;



case 18: detect_a3=16; break;
case 19: detect_a3=16; break;
case 20: detect_a3=16; break;
case 21: detect_a3=16; break;
case 22; detect_a3=16; break;
case 23: detect_a3=16; break;
case é4: detect_a3=0; break;
case 25: detect_a3=0; break;
case 26: detect_a3=0; break;
case 27: detect_a3=0; break;
case 28: detect_a3=0; break;
case 29: detect_a3=0; break;
case 30: detect_a3=0; break;

}

shift byte a(detect a3);

} // end of void detect_a(int8 detect_a2)

#separate

void convert_amp(void)

{
int8 tmp1,tmp2;
int8 value_amp;
tmpl=templ;
tmp2=temp2;
value_amp=(tmp1*10Htmp2;
detect_a(value amp);

} // end of convert_amp(void)



#separate
void shift_byte_v(int put_v1)
{
int8 con_bit[8];
int8 shift;
unsigned int]l m1=0,m2=0,m3=0,m4=0,m5=0,m6=0,m7=0,m8=0;
unsigned int8 b1,b2,b3,b4,b5,b6,b7,b8;
ml=put_v1%?2;//LSB
con_bit{7]=ml;
bl=put_v1/2;
m?=b1%2;
con_bit[6}=m2;
b2=b1/2;
m3=b2%2;
con_bit[5]=m3;
b3=b2/2;
m4=b3%2;
con_bit[4]=m4;
bd=b3/2;
m5=b4%2;
con_bit[3]=m5;
b5=b4/2;
mo6=b5%2;
con_bit[2]=mé6;
b6=b5/2;
m7=b6%2;
con_bit[1}=m7;

b7=b6/2;



m8=b7%2; // MSB
con_bit[0]-m§;
output_low{clear_v);
delay_us(1);
output_high(clear v);
output_low(latch_v);
for(shift=0;shift<8;shift++)
{
output_bit(datainput_v,con_bit[shift]); // con_bit[0] is MSB
output_high(clk_v);
delay us(10);
output_low(clk_v);
delay us(10);
}
output_high(latch_v);
printf{("volt_step U/D = %u\n\r",step_num11);
break;

} // end of shift_byte_a(int put_v1)

#separate

void convert_volt(void)

{
intl16 value_volt;
float value volt_01;
value_volt=(step_num1*1000)+(step_num2*100)H(step_num3*10)+step_numd;
value_volt_01=value_volt;
value_volt 02=0.085*value_volt_01; //255/3000 = 0.085

value_volt_03=value_volt 02;



shift_byte_v(value_volt_03);

} // end of convert_volt(void)

#separate

void use_adc(void)

{
delay_us(100);
value_adci=Read_ADC();

value_adc2=vref LM*(float)value adcl;

while(value volt_02!=value adc?)
{
if(value_volt 02 > value adc2)
{
value_volt 02 +=1.0;
value_volt_03 = value_volt 02;
shift_byte v(value_volt_03);
}
else if{lvalue_volt_02 < value_adc2)
{
value_volt_02 = 1.0;
value_volt_03 = value_volt_02;

shift_byte v(value volt 03);

#separate

void step_set(void)



step_num7={(step_num1*100)+(step_num2*10}Hstep_num3);
step_num8 = (step_num7*inc_n);
step_num9 = step_nums;
step_num12=step_num9;
step_num12 /=100.0;
step_num13=step_numl2;
step_num10 = (step_num9*0.085); // 255/3000 = 0.085
step_numll = step_numl0;
led_gotoxy(1,2);
printf{lcd_pute,” U/D V = %u",step_num13);
shift_byte v(step_numll);
} // end of step_set

void process_key(void)
{
switch(value_key)
{
case(1):
time_delay key=20;
switch(mode_select)
{
case(0):
mode_select=1; // for use set v
temp1=0xFF;
temp2=0xFF;
temp3=0xFF;
temp4=0xFF;



num_set=0;
show_mode();
break;
case(1):
switch(num_set)
{
case(0): templ=1; num_set++; break;
case(1): temp2=1; num_set++; break;
case(2): temp3=1; num_set++; break;
case(3): temp4=1; num set++; break;
}
show_mode();
break;
case(2):
switch(num_set)
{
case(0): templ=1; num_set++; break;
case(1): temp2=1; num_set++; break;
}
show_mode();
break;
case(3):
switch(num_set)
{
case(0): templ=1; num_set++; break;
case(1): temp2=1; num_set++; break;
case(2): temp3=1; num_set++; break;

}



show_mode();
break;
case(4):
switch(num_set)
{
case(0): templ=1; num_set++; break;

case(1): temp2=1; num_set++; break;

}
show_mode();
break;

}
break;
case(2):

time_delay key=20;

switch(mode_select)

{

case(0):
mode_select=3; // for use set step v
temp1=0xFF;
temp2=0xFF;
temp3=0xFF;
temp4=0xFF;
num_set=0;
show_mode();
break;



case(1):
switch(num_set)
{
case{0): temp1=2; num_set++; break;
case(1): temp2=2; num_set++; break;
case(2): temp3=2; num set++; break;
case(3): temp4=2; num_set++; break;
}
show_mode();
break;
case(2):
switch(num_set)
{
case(0): templ=2; num_set++; break;
case(1): temp2=2; num_set++; break;
}
show_mode();
break;
case(3):
switch(num_set)
{
case(0): temp1=2; num_set++; break;
case(1): temp2=2; num_set++; break;
case(2): temp3=2; num_set++; break;
}

show_mode();

break;



case(4):
switch(num_set)
{
case(0): temp1=2; num_set++; break;

case(1): temp2=2; num_set++; break;

}
show_mode();
break;

}
break;
case(3):

time delay key=20;

switch(mode_select)

{
case(1):
switch(num_set)
{
case(0): max_v();

break;
case(1): temp2=3; num_set++; break;
case(2): temp3=3; num_set++; break;
case(3): temp4=3; num_set++; break;
}
show_mode();

break;



case(2):
switch(num_set)
{
case(0): max_amp();
break;
case(1): temp2=3; num_set++; break;
}
show mode();
break;
case(3):
switch(num_set)
{
case(0): temp1=3; num_set++; break;
case(1): temp2=3; num_set++; break;
case(2): temp3=3; num_set++; break;
}
show_mode();
break;
case(4):
switch(num_set)
{
case(0): max_amp();
break;
case(1): temp2=3; num_set++; break;
}
show_mode();
break;



break;
case(4):
time_delay key=20;
switch(mode_select)
{
case(1):
switch(num_set)
{
case(0): max_v();
break;
case(1): temp2=4; num_set++; break;
case(2): temp3=4; num_set++; break;
case(3): temp4=4; num_set++; break;
}
show_mode();
break:
case(2):
switch(num_set)
{
case{0): max_amp();
break;
case(1): temp2=4; num_set++; break;
}
show_mode();
break;



case(3):
switch(num_set)
{
case(0): templ1=4; num_set++; break;
case(1): temp2=4; num_set++; break;
case(2): temp3=4; num_set++; break;
}
show_mode();
break;
case(4):
switch(num_set)
{
case(0): max_amp();
break;

case(1): temp2=4; num_set++; break;

}
show_mode();
break;

}
break;
case(5):

time_delay_key=20;

switch(mode_select)

{

case(1):
switch(num_set)

{

case(0): max_v();



break;
case(1): temp2=5; num_set++; break;
case(2): temp3=5; num_set++; break;
case(3): temp4=5; num_set++; break;
}
show_mode();
break;
case(2):
switch(num_set)
{
case(0): max_amp();
break;
case(1): temp2=5; num_set++; break;
}
show_mode();
break;
case(3):
switch(num_set)
{
case(0): max_step();
break;
case(l): temp2=5; num_set++; break;
case(2): temp3=5; num_set++; break;
}
show_mode();
break;



case(4):

switch(num_set)

{
case(0): max_amp();
break;
case(1): temp2=5; num_set++; break;
}
show_mode();
break;
}
break;
case(6):

time delay_key=20;
switch(mode_select)
{
case(1):
switch(num_set)
{
case(0): max_v(};
break;
case(1): temp2=6; num_set++; break;
case(2): temp3=6; num_set++; break;
case(3): temp4=6; num_set++; break;
}
show_mode();

break;



case(2):
switch(oum_set)
{
case(0): max_amp();
break;
case(1): temp2=6; num_set++; break;
}
show_mode();
break;
case(3):
switch(num_set)
{
case(0): max_step();
break;
case(1): temp2=6; num_set++; break;
case(2): temp3=6; num_set++; break;
}
show_mode();
break;
case(4):
switch(num_set)
{
case(0): max_ampQ);
break;
case(1): temp2=6; num_set++; break;
}
show_mode();



break;
j
break;
case(7):
time_delay_key=20;
switch(mode_select)
{
case(1):
switch(num_set)
{
case(0): max_v();
break;
case(1): temp2=7,;
case(2): temp3=7,;
case(3): tempd=T;
}
show_mode();
break;
case(2):
switch(oum_set)

{

num_set++; break;

num_set++; break;

num_set++; break;

case(0): max_amp();

break;

case(1): temp2=7; num_set++; break;

}
show_mode();
break;



case(3):
switch(num_set)
{
case(0): max_step();
break;
case(1): temp2=7; num_set++; break;
case(2): temp3=7; num_set++; break;
}
show_mode();
break;
case(4):
switch(num_set)
{
case(0): max_amp();
break;
case(1): temp2=7; num_set++; break;
}
show_mode();
break;
j
break;
case(8):
time delay key=20;
switch(mode_select)
{
case(1):

switch(num_set)



{
case(0): max_v();
break;
case(l): temp2=8; num_set++; break;
case(2): temp3=8; num_set++; break;
case(3): temp4=8; num_set++; break;
}
show_mode();
break;
case(2):
switch(num_set)
{
case(0): max_amp();
break;
case(1): temp2=8; num_set++; break;
}
show_mode();
break;
case(3):
switch(num_set)
{
case(0): max_step();
break;
case(1): temp2=8; num_set++; break;
case(2): temp3=8; num_set++; break;
}
show_mode();

break;



case(4):

switch(num_set)

{
case(0): max_amp();
break;
case(1): temp2=8; num_set++; break;
}
show_mode();-
break;
}
break;
case(9):

time_delay key=20;
switch(mode_select)
{
case(1):
switch(num_set)
{
case(0): max_v();
break;
case(1): temp2=9; num_set++; break;
case(2): temp3=9; num_set++; break;
case(3): temp4=9; num_set++; break;
}
show_mode();
break;



case(2):
switch(num_set)
{
case(0): max_amp();
break;
case(1): temp2=9; num_set++; break;
}
show_mode();
break;
case(3):
switch(num_set)
{
case(0): max_step();
break;
case(1): temp2=9; num_set++; break;
case(2): temp3=9; num_set++; break;
}
show_mode();
break;
case(4):
switch(num_set)
{
case(0): max_amp();
break;
case(1): temp2=9; num_set++; break;
}
show_mode();



break;

}

break;

case(10):

time_delay key=20;

switch(mode_select)

{

case(l):
temp1=0xFF; temp2=0xFF; temp3=0xFF; temp4=OxFF;
num_set=0;
mode_select=1;
show_mode();
break;

case(2):
temp1=0xFF; temp2=0xFF;
num_set=0;
mode_select=2;
show_mode();
break;

case(3):
temp1=0xFF; temp2=0xFF; temp3=0xFF,
inc_n=0;
num_set=0;
step_numS5=(};
mode_select=3;
show_mode();

break;



case(4):

temp1=0xFF; temp2=0xFF;

num_set=();
mode_select=4;
show_mode();
break;
}
break;
case(11):

time_delay key=20;
switch(mode_select)
¢
case(1):
switch(num_set)
{
case(0): temp1=0; num_set++; break;
case(1): temp2=0; num_set++; break;
case(2): temp3=0; num_set++; break;
case(3): temp4=0; num_set++; break;
}
show_mode();
break;
case(2):
switch(num_set)
{
case(0): temp1=0; num_set++; break;
case(1): temp2=0; num_set++; break;

}



show_mode();
break;
case(3):
switch(num_set)
{
case(0): templ1=0; num_set++; break;
case(l): temp2=0; num_set++; break;
case(2): temp3=0; num_set++; break;
}
show_mode();
break;
case(4):
switch(num_set)
{
case(0): templ1=0; num_set++; break;

case(1): temp2=0; num_set++; break;

}
show_mode();
break;

}
break;
case(12):

time delay key=20;
switch(mode_select)

{

case(5): // run step volt

mode_select=6; // use function step up/down

convert_amp();



show_run_step();
break;

case(8): // run volt
show_run_v();
convert_amp();

convert_volt();

use_adc();
break;
}
break;
case(13): .

time_delay key=20;

switch(mode_select)

{

case(6):
inc_n++;
step_set();
value_volt_02=step_num10;
use_adc();
break;

}

break; // break of case 13

case(14):

time delay key=20;
switch(mode_select)
{

case(6):

inc_n -;



step_set();

value_volt_02=step _numl0;,

use_adc();
break;
}
break;
case(15):

time_delay_key=20;

switch(mode_select)

{

case(1):
step_num1=0; step_num?2=0; step_num3=0; step_num4-=0;
step_num5=0; step_num6=0;
temp 1=0; temp2=0; temp3=0; temp4=0;
inc_n=0;
num_set=0;
mode_select=0;
show_mode();
break;

case(2): // exit set a at fig voltage
step_numl=0; step_num2=0;
mode_select=0;
num_set=0;
show_mode();
break;

case(3):
step_num1=0; step_num2=0; step_num3=0;

step_num5=0; step_num6=0;



mode_select=0;
pum_set=0;
show_mode();
break;

case(4):
step_num1=0; step_num2=0;
mode_select=0;
num_set=0;
show_mode();
break;

case(5): // exit run step v is not push up / down
stop_run();
step_num1=0; step_num?2=0; step_num3=0;
step_num5=0; step num6=0;
step_num7={0); step_num8={);
step_num9=0.0; step_num10=0.0;step_num12=0.0;
step_numl1 1=0;step num13=0;
temp 1=0; temp2=0; temp3=0;
inc_n=0.0;
mode_select=0;
show_mode();
break;

case(6): // exit run step v is up / down
stop_run();
step_num1=0; step_num?2=0; step_num3=0;
step_num5=0; step_num6=0;
step_num7=0; step_num8=0;

step_num9=0.0; step_num10=0.0;step_num12=0.0;



step_num11=0;step_num13=0;
value_volt_02=0.0;
step_set(); // reset step volt is up / down
temp1=0; temp2=0; temp3=0;
inc_ n=0.0;
mode_select=0;
show_mode();
break;
case(8): // exitrun v
stop_run();
step_num1=0; step_num2=0; step_num3=0; step_num4=0;
step_num5=0; step_num6=0;
value_volt 03=0;
value_volt 02=0.0;
value_adc1=0;
value_adc2=(.0;
convert_volt(); // reset fig volt

shift_byte v(value_volt_03);

mode_select=0;
num_set=0;
show_mode();
break;
}
break;
case(16):

time_delay key=20;
switch(mode_select)

{



case(1):
if(lnum_set>3)
{
mode_select=2;
step_num]=templ; step_num2=temp2; step_num3=temp3;
step_num4~temp4,
temp 1=0xFF; temp2=0xFF; temp3=0xFF; temp4=0xFF;
num_set=0;
3
led_gotoxy(16,2);
led_putc("E");
delay ms(400);
show_mode();
break;
case(2):
iflnum_set>1)
{
mode_select=8; // use function run volt
step_num5=templ; step_num6=temp2;
temp 1=0xFF; temp2=0xFF;
num_set=0;
}
ied_gotoxy(16,2);
led_putc("E");
break;
case(3):
iflnum_set>2)
¢



mode_select=4;
step_numl=templ; step_num2=temp2; step_num3=temp3;
temp 1=0xFF; temp2=0xFF; temp3=0xFF;
num_set=0;
}
led_gotoxy(16,2);
led_putc("E");
delay_ms(400);
show_mode();
break;
case(4):
iflnum_set>1)
{
mode_select=5; // use function run step_v
step_num5=templ; step_num6=temp?2;
temp1=0xFF; temp2=0xFF;
num_set=0;
}
led_gotoxy(16,2);
led_putc("E");
break;
}
break;
}
} // end of process_key(void)



void main()

¢
set_tris_b(0xF0);
set_tris_c(0x90);

led_init();
delay_ms(200);

setup_port_a(ALL_ANALOG);
setup_adc(ADC_CLOCK INTERNAL);

set_adc_channel(0);

mode_select=0;
show mode();
value key=0;

time delay key=0;

while(TRUE)

{

delay ms(10);

if(time_delay key>0)
time_delay_key--;

if{time_delay key=—0)

{
value_key=scan_key();
delay_ms(5);



process_key();

}
}

}// end of main
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DAC0800/DAC0802

General Description

The DACOS00 serles are monolithic 8-bit high-speed
current-output digital-to-analog converters (DAC) featuring
typical settiing times of 100 ns. When used as a muitiplying
GAC, monotonic performance over a 40 to 1 refarence cur-
rent range is possible. The DACOB00 series also features
high compiance compiementary curment outputs to allow dif-
ferential output voitages of 20 Vp-p with simple resistor loads
as shown In Figure 1. The reference-to-full-scale curment
matching of better than 1 LSB eliminales the need for
fuil-scale frims In Most appiications while the nonlinearities
of betier than +0.1% over temperature minimizes system er-
ror accumulations.

The noise immune inputs of the DACDB00 series will accept
TTL leveis with the logic threshold pin, V, ., grounded.

&National Semiconductor

June 1999

8-Bit Digital-to-Analog Converters

The DAC0800, DAC0802, DACOB00C and DAC0802C are a
direct replacement for the DAC-08, DAC-08A, DAC-08C,
and DAC-0BH, respectively.

Features

A Fast settling output current:
@ Full scale emor: 11 LSB
m Nonlinearity over temperature: *0.1%

u Full scale current drift: *10 ppm/°C

= High output compliance: =10V to +18V

8 Complementary curment outputs

m interface directly with TTL, CMOS, PMOS and others
u 2 quadrant wide range multiplying capabiiity

A Wide power supply range: 14.5V to £18V

100 ns

Ordering Information

Changing the V, . potential will allow direct interface o other ™ LoW power consumption: - 33 mW at £5V
logic famllies. The performance and characterstics of the ™ Low cost
device are essentialty unchanged over the full $4.5V to
118V power supply range; power dissipation is only 33 mW
with +5V supplies and is independent of the logic input
states.
Typical Applications
18v
CIGITAL INPUTE
s ™ L
MR ME KN
: 1
1V O—AAA— —
Vouy TO W Ves
o
1 -0
= v l:lc uF v =
DSO0BHE- 1

FIGURE 1. 220 V, , Output Digital-to-Analog Convaerter (Note 5)

Non-Linearity Temperature Order Numbers
Range J Package (J16A) (Note 1) | N Package (N16E) (Note 1) | SO Package (M16A)
10.1% FS O'C sTos+70'C | DACOBO2LCY | DAC08HQ [DACOS02LCN| DAC-08HP DAC0802LCM
10.18% FS -55°C < T, < +125°C | DACOBOOLS | DAC-08Q
10.19% FS 0'C < T, s+70°C | DACOBOOLC) | DAC-08EQ |DACOS00LCN | DAC-0BEP DACOS00LCM

Now 1: Devices may be ordened by using eithar ofder number.

© 1999 National Serniconductor Corporation DS005686

werw national.com
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Absolute Maximum Ratings oo 2)

¥ Mitary/Asrospace specified devices are required,
pisase conact the National Semiconductor Sales Office/
Distributors for avallabiiity and specifications.

Supply Voltage (v* - V") +18V or 36V
Power Dissipation {Note 3) 500 mw
Referance Input Diffsrential Voltage

(V14 1o V15) Vv
Reference Input Common-Mode

Range (V14, V15) Vv
Reference Input Current 5mA
Logic Inputs V™ to V plus 36V
Analog Cument Outputs

Vg~ = ~15V) 425 mA
ESD Suscsptibiiity (Note 4) TBD V

Electrical Characteristics

Storage Temperature —65'C 1o +150°C
Lead Temp. (Soldering, 10 saconds)
Dualn-Line Package (plastic) 260°C
DuakHin-Line Package (ceramic) 300°C
Surface Mount Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C

Operating Conditions (ot 2)

Min Max Units
Temperature (T.)
DACOS00L -55 +125 c
DACOBOOLC 0 +70 c
DAC0802LC 0 +70 c

The following speciiications apply for Vg ® 15V, lgy ® 2 mA 8nd Ty € Ta S Taax Unless otherwise specified. Output

characleristics refer to both |gyr and locr.

DALC0S02LC DACOB00L/
Symbol Parameber Conditions DACOS00LS Units
Min Typ Max Min Typ Max
Resclution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Nonlinearity 10.1 +0.19 %FS
4, Settling Time To ¥4 LSB, All Bits Switched 100 135 ns
“ON™ ar “OFF, T,=25C
DACOB0OL 100 135 )
DACOBOOLC 100 150 ns
tPLH, Propagation Delay Taz25C
tPHL Each Bit 35 60 35 60 ns
Al Bits Switched 35 60 35 &0 ns
TCleg " Full Scals Tempco 110 +50 110 +50 ppmiC
Voc QOutpul Voltage Compliance: Full Scale Cument Change -10 18 -10 18 v
<45 LSB, Royr™20 M2 Typ
besa Full Scale Current Viree =10.000V, R14=5.000 k02 1.684 1.992 2.000 1.94 1.9% 2.04 mA
R15=5.000 k2, T,=25"C
Iess Full Scale Symmetry fesiles 0.5 14.0 11 $8.0 HA
Izs Zaro Scale Current 0.1 1.0 0.2 20 pA
kar Output Current Range v =-5v 0 290 21 0 20 21 mA
VvV =-8V o ~18V a 20 42 0 20 42 mA
Logic input Levels
V. Logic *0" Vic=ov 08 0.8 v
Vi Logic "1° 20 20 Y
Logic inpul Curent ViV
I Logic "0" ~10VEVs+0.8Y =20 ~%0 =20 ~10 pA
b Logic “1° NVys+18v 0.002 10 0.002 10 HA
Vis Logic Input Swing V=-15V -10 18 -10 18 v
Vi Logic Threshold Range Vg=115V -10 135 -10 13.5 v
s Referance Bias Current -10 -30 -1.0 -3.0 HA
didt Relerance Input Siew Rats (Fagure 11) 4.0 8.0 40 a0 mA/s
PSSips. | Power Supply Sensitivity 4.5vsvTsiev 0.0001 0.01 0.0001 6.0t %
PSSley —~4.5VsV 518V 0.0001 0.01 0.0001 0.01 %
er=1mA




Electrical Characteristics (continued)

following specifications apply for Vg ® £15V, lpee = 2 mA and Ty S Ta S Tiax Unless otherwise specified. Output
mmmmrmMImam%;; er MR AT Tax

DACO802LC DACOS00L/
Symbol Perameter Conditions DACOS0OLC Units
Min Tye Max Min Typ Max
Power Supply Curment V=15V, lpge=1 mA
I+ 23 38 23 s mA
- -4.3 -5.8 43 ~5.8 mA
Vg=5V, ~15V, Ipee™2 mA
L] 24 3s 24 is mA
- -84 -78 6.4 -78 mA
Vg=£15V, lper=2 mA
33 25 s 25 s mA
- 65 ~7.8 -6.5 -7.8 mA
Pp Power Dissipation $5V, Inge=1 mA 13 48 3 48 mw
5V,~15V, lpge=2 mA 108 136 108 136 mw
. 115V, lpgr=2 MA 135 174 135 174 mw
Nods 2: Ratings indicate limits beyond which damage 1o tha device mary ocour. DC and AC slectrical apacifications do not apply when operating
e davice boyond ks specified operating conditions.
Nots 3: The maximum junction tempersture of the DACO300 and DACOS2 ts 125°C. For operating at devices In the Duskin-Line J package

muet be deradnd based on a thermal resistance of 100°C/W, junction-to-amblent, 11swuhmwumm1mwuusﬂnuaﬂm
M package.

Note 4: Human body model, 100 pF dischamed through a 1.5 KO resistor.
Nota 5: Pn-out numbers o the DACOBOX represent the Duat-inLine package. The Smak Outline paciage pin-out differs from the Dual-in-Line package.

Connection Diagrams

Dualdn-Line Package Small Outline Package

THRESNOLD \
conThOL Vic =] ® U = comreusarioe vt 16}-5, LS8
T — " Vreri-) Var{t)=f 2 158,
v LR Vaer(=)—1 3 14|84
- L COMPENSATION —§ 4 138
s - THRESHOLD COMTROL. ¥, 15 128,
—16 1] =4
nl LI our B
' “ v—7 10}-8,
b N r—® s}-8, use
et o
CSO0SBe6- 4
Dan0Aese-13 Top View
Top View

See Ordering Information

3 www.nationat, com



Block Diagram o 5)

(Ve) - 1.5V,

Vb - REFERENCE COMMON M0 DE VOLTAEE (V)

Note. Poslive common-mode range is akays

¥; — LOGIC MPUT VOLTAGE (V)

DS00S60¢- 26

| I I
= |
neTwank - l;"'ll'
l ) 1 L 1 1 T 1T °
i o S8, 818, &[4, 818,814, 8[4, 8]
g j 8] 812 j j L j }
o
Yesl} O Lﬂ
AEF 4£
3 4
SACH
LI 3
o -
B:S00SH0E-2
Typical Performance Characteristics
Full Scale Current LSB Propagation Delay ve b4 Reference Input
s Referencs Current - Frequency Response
2
¢ [0 Toum 10 Taaxd. T - “:| B b |
z ALLBITSHIGH | T m I ™
£y LIMIT FOR 2 6 FALLMTSON"
£ RUTEU2 NS . s w = ¢ bvggew
g 4 } s ™ gz ¥
2 " 1w 1158 = Than 2 0
g ! i ‘ £ L s 7 L
5 ] 1 £ ] LS8 =TRuh = HANDG |
s 2 i I [ Ji z VA WA
@ P et roR——1 & = 238 13 & =« e
=1 L T ’ [ o T
» IT11] ez e Es 1 2 5N e B BRIl
¢ v 1 3 4 s Ipg — OUTPUT FULL SCALE CUNRERT (mA) 18z 15 1 7z 5 W
. igEr - REFERENCE CURRENT (mA} DS005888- 23 FREQUENCY [z}
DSO0SE86- 22 TS0056H8-34
Curve 1: Cc™15 pF, Viy=2 Vp-p cantered at 1V,
Curve - Cc=15 pF, Viy™50 mVp-p candered st
200 mV.
Curve 3: Cc™0 pF, Viy™100 cantered st
o and Broah 500 corpebciad 5 i
14.2V applied 10 R14,
Ref Am
Oot.n:m Range Logic Input Current Viu — Vi vs Temperature
vs Input Voltage 25
. 4
Ta=Tatg 107,
o W 'l: II-T lll 2 l:
iu 3! ~ 13
E u E Z s
1A ~
g ": EIETE TR § N T 2 ™~
TREF = 2 mA s F |
E o [T £ S a
a 12 IRes = 1mA o [
T g 1 (1] .
= 1 R = :
“ e = 9.2 mA—] ' a T1
' ' =TIl = '
’ S0 ¢ 5w 1.
i B R L 1210 4-202 4 8 11012141618

T), - TEMPERATURE ( €)
DS005886-27
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Typical Performance Characteristics (continued)

Output Current vs Output
Voltage (Output Voltage
Compiiance)
M AUETE O Ta T 10 T
w S
g ' ¥ =1V V¥ [
-} Ingg=2ma
§ u -4 [ il
E 12 tngp <1 mA
2 uld T
| 1
fu Ingf < M2 mA
Wr 1 A

R I I )
¥g - DUTPUT VOLTAGE (v}

Output Voltage Compliance
vs Temperature
n
E 1% —
A 0 AREA INGICA
[J- PENSILE DUTMT
e VOLTAGE RARCE FOR
E a4 ~Ve -t Iggp s 2mA
FOR OTHER v O X
I B
- 4
o2
> }_
-12

- . “ w oo
Ty - TEMPERATURE [ C}

Bit Transfer
Characteristica
BT
2 12 Flagr=2mA {
£ L1l
E 1
E u
2
s 3
o RO I
2 T u
O S B =
il PARR A Cmri
o QO NS

~12-104844-20 T4 4 8 WI21L 14 1R
¥y - LOGIC 18PUT VOLTAZE (v}

DS00S6S 20 DSnOsAne- 30
DSdosnee 22 Nots. B1-B3 have ldertcal ranater
than ¥4 1LSB m -n-u 2100 mV from
theeshaki. Thase e
guarantesd o o betwean 0.8 2V over the
range {Vic = V).
Power Supply Current Power Supply Current Power Supply Currant
ve +V vs =V vs Temperature
3 ar L"“I"'G""Ffl“l" | Y FAUCSITE MAY BE THEF OF LOW P PTY T T I
: ? } T4 i 1 - WITH gp » 2 ma ] é ¥ [ igr>2ma 1
ENERENEE g g LT
3 s I ; 1 1 g 5 - WiTH Ipgg = tmA T 2 Al .
z o, 3 . —rT T > s -
£ T x AL £ s
E ) | 5 - WITH |u;[-u..n L1 3 .
£ = ! £ 2 =1 'g 3 v 15Y M
A ARREREEAN fo uE - u
' P2 & 6 M2 UIEND 9 -2 4 481012941618 -20 h s N w0 [T T
¥ - POSITIVE POWER SUPPLY (V) ¥ - MEGATIVE POWER SUPPLY (V) Tx - TEMPERATYRE [T}
DSDOSEB6-T1 DS005686- 32 300588813
Equivalent Circuit
v Vig -T (-] [ " 3 7 ‘E‘
13 1 ? k) ? 1] ? T ? 3 ? ? un ? 1]
‘5? ‘fE 'SLE ‘f& -
ol h | T 1 1 i
Ynes il A )
come ot r .f“ } " Jw Ijm lt|l J N J nn
\ 6 f7y “ 24 an u A
L\ I h
DAL
1
¥
DSO0G08G-15
FIGURE 2.
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Typical Applications

FIGURE 3. Basic Posltive Referance Operation (Note 5)

“gg ~1mh Angr
v 1 I
[t L] -
o BACE s
@l‘ J ¥ “Ypep OO AAA—]
= wigT .
J.L-"'.':"
0500568621 e = ~Ver P55
FIGURE 4. Recommended Full Scale Adjustment Rrer 256
Clrcult (Note 5) Note. Regr 5815 Ipg; R15 i for blas cument cancelation
FIGURE 5. Basic Negsative Reference Operation
{Note 5)
EEITAL WPUTE
L] [t}
LR Y TN 1]

gy = 1 mA Ouusmng

B1 B2 B3 B4 BS Bs B7 B8 | lomA | iomA Eo Eo
Full Scale 11 1 1 1 1 1 1] 1992 | o000 | -9.960 { 0.000
FullScale-LSB {1 1 1 1 1 1 1 0| 1984 | 0008 | -9.920 | —-0.040
HaliScale+LSB |4+ 0 0 0 0 O O 1| 1008 | 0884 | -5040 | -4.920
Half Scale 1 0 0 0 0 0 © O} 1000 | 0992 | -5.000 | -4.960
HalfScale—tSB |O 1 1 1 1 1 1 1| 0992 | 1.000 | -4.960 | -5.000
ZeroScale+LSB |0 0 0 ©0 0 0 O 1| 0008 | 1984 | -0.040 | -8.920
Zero Scale ¢ 0 0 0 0 0 0 o) 0000 | 10802 | 0000 | -8.960

FIGURE 6. Basic Unipolar Negative Operation (Note 5)

werw_nationad com 6



Typlcal Applications (continued)

W Ry = Ry within $0.06%, output is symmetrical about ground

aetRall - _J
g > 1 wh, Oomemad 14
e 0]
|B1 B2 B3 B4 B5 B6 B7 B8 | E, E,
Pos. Full Scale 1 1 1 1 1 1 1 1}-9820 +10.000
Pos. Full Scale-LSB 1 1 1 1 1 1 1 0]-9840{ +9.820
Zero Scale+L.SB 1 0 0 0 0 0 O 1})-0080]+0.160
Zero Scale 1 0 0 0 0 0 O O] 0000 | +0.080
Zero Scale-LSB 0 1 1 1 1 1 1 1]+0.080| 0000
Neg. FulScale+lSB {0 0 O 0 0 O 0 1] +8920] -9.840
Neg. Full Scale 0 0 0 0 0 0 O Op+10000]|-9920
FIGURE 7. Basic Bipolar Output Opsration (Nota 5)
-
‘L
o
Vg = WV O A el
Oty - v [2¥+ &
- fa - v ( m)
r‘W\l— where X is the ingut code and
= A, = A, = Rrer
= DSO0SE86-18
B1 B2 B3 B4 B5 B6 BT B3 Eo
Pos. Full Scale 1 1 1 1 1 1 1 1] +9960
Pos. Full Scale-LSB 11 1 1 1 1 1 0] +9.880
(*)2ero Scale 1 0 0 0 0 0O 0 O] +0.040
{-)Zero Scale 0o 1 1 1 1 1 1 1] -0040
Neg. Full Scale+LSB ¢ 0 0 0 ¢ 0 O 1] -9880
Neg. Full Scale ¢ 0 0 0 0 0 O O] 9960

FIGURE 8. Symmetrical Offset Binary Operation (Note 5)

y output

To

Ry

AAA

A A Ao

o
r—OlmoI“-al

e = 25% (
FS 286 REF

DSO0S686- 19

28 negative logic DAC), connact inverdting kput of op Bmp 10 i (pin 2), connect Ly (pin 4) 1 ground.

FIGURE 9. Positive Low impedance Output Operation (Note 5)
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Typlcal Applications (Continueq)

£
Q8T —igg -0y

[} t—g-s-sl
FS 266 REF
= T
Dnoams 20
For b y outpt ¢ ion &8 & Hegative gic DAC) connect non-inverting inpul of op am 1 Iy (pin 2); connect Iy (pin 4) to ground.

FIGURE 10. Negative Low impedance Output Operation (Note 5)

TIL I
Vyg 4 1Y

Typical values: Ry =5k, V=10V
FIGURE 11. Pulsed Reference Operation {Note 5)

|

Vi = Vi + 14V
15V CMOS, HTL, HNIL
Vry = 7.6V
Nots, D0 1ot axcoed negative logic Input rngs of DAC.
FIGURE 12. Interfacing with Various Logic Familes

*Vaer fRer |

“Wper =N Ayt
Ref s
OrTIgNAL)
_'L ":“ .“b O—=AMA——1" Ragr ~N18
13
in—Sg— [0 SR
Rm

{b) *Vyey must be above peak positive swing of V,,,
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Typical Applications (continued)

| A7 2
FOR TUAR D", ¥ 2.7V I I
FOR THAN DFF~, Vi =07V L 04
wd = sv
et
< =
. g =
CAPACITANCE ™\ & o
L ] 1 =
SCHOTTXY BIODES [ l Lﬂ
ver w® = Your
N1 b X S 1 X PROBE
Vig o L1 _I h.
; b — b -
T - :: n - ::m
«
RRer R 100
*Vapr O—A—1 14 ~0—¢- VWA~
oACse our o
towr} R
RS Y0 0.8.1
18
I 13
- 001 F
)
0 uF Il.us
= (o) -
18V 15y
FIGURE 14. Seftling Time Measurement (Note 5)
W STOr
W I v TORVERFON
cLoLK FREE
Aun
T‘ 10 2
w L] ver [T ) g
s o=
L
]

ANALDE
0 eyt

1
T

Note. For 1 s convarsion time with
mducing R1, R2 and R3 0 2.5 kN and R4 tn 2 M.

FIGURE 15. A Compiste 2 ps Conversion Time, 8-8it A/D Convertar (Note 5)

B-bit reschution and 7-bit

_?I__.I._. o_T

an LM361

-
<

"
vy

tha LM319 and the reference cument is doublod by

DS0058




MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

+ PIC16F873A + PIC16F876A
+ PIC16F874A + PIC16F877A
High-Performance RISC CPU:

* Only 35 single-word instructions 1o learn
« Al single-cycie 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:

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

« Timer1: 16-bit timer/counter with prescater,
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 s 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 12C™ (Master/Slave)

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

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

- Brown-out detection circuitry for

Analog Features:

10-bit, up to 8-channel Analog-to-Digital
Converter (A/D)

Brown-out Reset (BOR)

Analog Comparator moduie 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 Microcontrolier Features:

100,000 erase/write cycle Enhanced Flash
program memory typical

1,000,000 erasefwrite 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 Senal Programming
Watchdog Timer {WDT) with its own on<chip RC
oscillator for reliable operation

Programmable code protection

Power saving Sleep mode

Seleciable oscillator options

In-Circuit Debug (ICD) via two pins

CMOS Technology:

Low-power, high-speed Flash/EEPROM
technology

Futly static design

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

Brown-out Reset (BOR) .
« Low-power consumption
Program Memory Data MSSP
EEPROM 10-bit cCP Timers
Instructions |(BYtes) i%c
PIC16FB73A | 7.2K 4096 192 128 22 5 2 Yes| Yes Yes 21 2
PIC16FB74A 1 7.2K 4096 192 128 33 8 2 Yes| Yes Yes 21 2
PIC16F876A | 14.3K 8192 368 258 22 5 2 Yes| Yes Yes 2N 2
PIC1GF877A | 14.3K 8192 368 256 33 8 2 Yes| Yes Yes 211 2

© 2003 Microchip Technology Inc.
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PIC16F87XA

Pin Diagrams

28-Pin PDIP, SOIC, SSOP

MCRNVpe — []*1 ~ 28] == RB7PGD
RAO/AND ] 2 27[1] = RB&PGC
RAtANT —[] 3 26[] =— R85

RAZANZVREF-/CVrer =[] 4 < 25[] = RB4
RAVANIWRer+ =[] 5 e 24[] = RB3IPGM
RA4TOCKICIOUT =1 6 5 23[] == RB2
RAS/AN4/SSICZOUT =— L[] 7 -3 22[] = RB1
vss —={] 8 s A[] == RBONT
osciicui —L o % 20[] =— voo
oscaiciko -— 10 ° 19[] -— vss
RCOTI0SOTICK! =[] 11 b~ 18[] = RCTRXDT
RC1T10SUCCP2 <[] 12 17 = RCB/TX/CK
Rc2iccP1 =413 16{] =— RCS/SDO
RC3/SCKI/SCL =— [ 14 15[ ] == RCA/SDUSDA
28-Pin QFN
RA2/AN2VREF-{CVREF =—»
RAJANIVREF+ =
RA4TOCKICIOUT =—n
RAS/ANA/SS/C20UT =
V55 —»
OSC1/CLKI —-
OSC2/CLKO =—
5
44-Pin QFN 8%
< g ok
x DnN— s"-ﬁo
Oogamng &08
RODHDBBBHBOA&F
tEQ&%&&“Ut
cotnan TR -
0000000000
roorrorrd oy
IIITL38538
RCTRXDT = j1@ 33— OSCACLKO
RDAPSP =—a )2 32{ =—— OSC/CLKI
RDS/#PSPS = )13 31| =— Vss
RDGPSPE = )4 30( =~—— Vss
RD7T/PSP7 w— )5 29§ ~-~— Voo
o i PICI6FB74A 20 Voo
Voo — )7 PIC16FB77TA  ,7{ «— RE2ICSIAN?
VDD —» 8 26 - RE‘"lR/ANG
RBOANT <= |9 25{ < REORD/ANS
RB1 = } 10 241 = RASIAN4/SSIC20UT
RBZ == 1o vmer 0o g ga@| = RATOCKICIOUT
. SRS ARERR
0TEEPP2EI LS
1 ERES=02
@ DODEE LD
74 @x = l&‘(
25
§§

N RN 2O

281 =—» RA1/AN1
27§ +— RAQ/ANO
268 =—— MCLR/VPP
251 «—= RB7/PGD
244 -—» RB6/PGC

«—= RE3IPGM
- RB2

- RB1

~—e RBO/INT
-— VDD

~-— V5§

-—w RCTRXDT

PIC16F873A ]g
PIC16F876A ,,

<
-

RCO/T1OSOMT1CK| =—18
RCHT10SI/CCP2 =—s)19
RC2/CCP1{ w—+)10
RC3/SCK/SCL +—=p11
RC4/SDI/SDA =+—)12
RC5/SDO =—=p 13
RCE/TX/CK -—s
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
WCRVee —-1 N/ 40[1<— RB7PGD
RAO/ANG =[] 2 39 [] «— RB&PGC
RAVANT =—e[]3 38 [} == RB5
mfANMFmFd—.-[:AI 37 ) =-— RB4
RAVANINREF+ +—[] 5 36 [] «—« RBIPGM
RAATOCKI/CIOUT w—a 3 6 35 )~ RB2
RASIANASSIC20UT =——=[]7 & 33J=— RB1
REO/RO/ANS —(]8 ~ 33— RBONT
REAWRUANG =—=[] 9 s 32 «— voo
RE2/CS/AN7 =[] 10 b 31[] »— Vss
Voo —e 11 & 300 -=— ROVPSP7
vss o (12 %  20[]-—= RD&PSPS
OSCICLKI —e[13 ¥ 28[]~—e ROSPSPS
OSC2/CLKO w——[] 14 = e RD4/PSP4 ]
RCOTIOSOTACK! «—[] 15 26 ) =—s RCTRXDT S
RCUTIOSUCCP2 «—»-[] 16 25 ] «—» RCB/TXCK E:lhr
RC2/ICCP1 =—[] 17 24 b «— RCSSDO 5§ .

RC3/SCK/SCL -— [] 18 23 [] =—» RC4/SDISDA 2 E%é 83
RDOPSPO «—e [] 19 22 [1 «—= RDIPSP3 55554 BB
RDAPSP1 ——[] 20 21[] == RD2PSPZ EESSEg’éégég

44-Pin PLCC IIIIi 1311
imiminininin'nisiniainl
RATOCKICIOUT w4 o T 3]
RASIANA/SSIC20UT oo [ g asf)
REO/RD/ANS ~—» []g 37%
RE1AWRIANG <—=[] 10 %
REZICSIANT +—~ 01 PIC16F874A 35%
D0 — 12
vss — [{13 PIC16F877A 33
OSCUCLKI — ] 14 3z
0SC2ICLKO -— [ 15 31p
RCOIT10SO/TICK1 == (] 16 30
" QMeegsnnsgexng”
g (il O
£ .88 EEERRRERY
Solrazglng
2aREedsage N5deERTA35Y
33IINISANE cgrEEad Ly
FEfroererac 8388399 g
rggxmxmg e
~apntare PRI 8
/£ )
RD4/PSP4 =TI 2 22T - RCHT10SOTICKI
RD5PSP5 = I3 30— 0OSC2ICLKO
RD&PSPS ~—CIM 4 30f +— OSCY/CLKI
RD7MPSPT =—eCIT 5 PIC16F874A gm‘— :ss
vss —=[CIXe HIJ=—— Voo ___
voo —=CI 7 PIC16F877A b1« RE2CSANT
RBOINT ~—=CIT|8 26/T0 =— RE1AWR/ANG
RB1 =——=LCTIO9 251 =— REG/RD/ANS
RB2 (I 10 24T -=—= RASAN4/SSICZ0UT
RBAPGM =IO M . o oo o 23000 == RAATOCKI/IC10UT
NeIeebe2gIq
LOITVWOOLT ¥t
TIERPgo23EY
B,.__lo—sga
OIS IS
= -
gn
§§
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RB2

RB1
RBO/INT

Vss
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:

* PIC16F873A

* PIC16F874A

+ PIC16F876A

* PIC16F8T7A

PIC16F873A/876A devices are available only in 28-pin
packages, while PIC16F874A/8TTA devices are avail-

able in 40-pin and 44-pin packages. All devices in the
PIC16F87XA family share common architecture with

The available features are summarized in Table 1-1.
Block diagrams of the PIC16F873A/876A and
PIC16F874A/BT7A 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 downioaded 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

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 /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

architecture and operation of the peripheral modules.

TABLE 1-1: PIC16F87XA DEVICE FEATURES
Key Features PIC16FBT3A PIC16F874A PIC16FB76A 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
IO Ports Ports A,B,C |PortsA,B,C,D,E| PortsA,B,C |PortsA B, C.D,E
Timers 3 3 3 3
Capture/Compare/PWM modules 2 2 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digital Modute 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.

DS395828-page 5



PIC16F87XA

FIGURE 1-1: PIC16F873A/8T6A BLOCK DIAGRAM
13 DataBus & PORTA
Program Counter RAGANG
Fash RA1/AN1
Program RAZANIVREF-CVREF
Memory RANANINVREF+
8 Level Stack RAA/TOCKI/C10UT
(1354 RAS/ANG/SSAC20UT
Program
Bus 14 RAM Addri*
Instruction reg
“ Direct Addr 7
7 RBOANT
RB1
RB2
RBIPGM
8 RB4
7 RB5
RB&/PGC
Power-up RB7/PGD
v Timer
instruction Oscillator
Decode & [ | Start-up Timer ku/
Control Power-on
Reset 8 PORTC
Timi Watchdog RCO/T10SO/T1CKI
Rk Ganeraton [ Trmer W reg RC1/T10SI/CCP2
OSC1/CLKI Brown-out RC2/CCP1
OSC2/CLKO Reset RC3/SCKISCL
in-Circuit ] l4—oIX] RCA/SDISDA
Debugger —1 RCS/SDO
Low-Vollage RC6/TX/CK
Programming M RC7/RX/DT
MCLR VDD, V5S
Timerd Timer1 Timer2 10-bit AD
i it i L
Voitage
Deta EEPROM ceP12 i e USART Comparator Reference
Devics Program Flash Data Memory Data EEPROM
PIC16FB73A 4K words 162 Bytes 128 Bytes
PIC16F876A BK words 368 Byles 256 Bytes
Note 1: Higher order bits are from the Status register.

DS395828-page 6
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PIC16F87XA

FIGURE 1-2: PIC16FB74A/BTTA BLOCK DIAGRAM
13 Data Bus 8 PORTA
<=1 Program Counter 7 RAG/ANO
Flash I RA1/AN1
Program RA2/AN2VREF-/CVREF
Memory 8 Level Stack RAM RAVANAVREF+
(13-6) i RAATOCKIVC1OUT
RAS/AN4/SSIC20UT
Program
Bus 14 4 PORTB
F_J;I RBOANT
Instruction RB1
= RB2
“ Direct Addr 7 REBVPGM
7 RB4
RES
RBSPGC
RB7/PGD
. PORTC
RCO/T10SO/T1CKI
Power-up RCA/T10SUCCP2
\Y Timer RC2/CCP1
RCA/SCK/SCL
inatruction Oascifilator
Decode & K= | Start-up Timer RC4/SDI/SDA
Controt RCS/SDO
Power-on RCBITXICK
Reset RC7RX/DT
Timing Watchdog
Generation [~ Timer PORTD
OSC1/CLKI Brown-out » RDO/PSPO
0SC2/CLKO Reset 4 RD1/PSP1
In-Circutt 4 RD2/PSP2
Debugger i B RD3PSP3
1 ® RD4/PSP4
Low-Vol
Progmmﬁ?:g > RD5/PSPS
: » RD&/PSPH
4 RD7/PSP7
PORTE
MCLR VDD, Vss IX] REO/RD/ANS
e RE1WR/ANG
DA RE2/CSIANT
. Paraliel
TunmerQ Timer{ Tiner2 10-bit AD Stave Port
Volage
Dsta EEPROM ceP1.2 Syrchonous USART Comparator Refoe
Device Program Fiash Data Memory Data EEPROM
PIC16F874A 4K words 192 Bytes 128 Bytes
PIC16FE77A 8K words 368 Bytes 256 Bytes
Note %: Higher order bits are from the Status register.

® 2003 Microchip Technology Inc. DS39582B-page 7



PIC16F87XA

TABLE 1-2; PIC16F873A/876A PINOUT DESCRIPTION
PDIP,SOIC, | QFN | vOoFP Buffer
Pin Name SSOP Pin# | Pin# | T T Description
OSC1/CLKI ] 6 STICMOS®H | Oscillator crystal or extemal clock input.
0SC1 I 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).
OSC2/CLKO 10 7 — Osdlllator crystal or clock output.
0sc2 (o} Oscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
CLKC (e} In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
MCLR/VPP 1 26 ST Master Clear (input) or programming voitage (output).
MCLR | Master Clear (Reset) input. This pin is an active low Reset
to the device.
VPP P Programming voltage input.
PORTA is a bidirectional O part.
RAQ/ANC 2 27 TTL
RAQ wo Digital O,
ANO | Analog input 0.
RA1/ANA 3 28 TTL
RA1 o Digital VO.
AN1 | Analog input 1.
RA2/AN2/VREF-/ 4 1 TTL
CVREF e} Digitaf 1/O.
RA2 I Analog input 2.
AN2 | AJD reference voltage {Low) input.
VREF- [®] Comparator VREF output.
CVREF
RAJ/AN3/VREF+ 5 2 TTL
RA3 /o Digital /0.
AN3 | Analog input 3.
VREF+ | AJD reference voltage (High) input.
RAA/TOCKIC10UT 6 3 ST
RA4 1o Digital /O — QOpen-drain when configured as output.
TOCKI i Timer( external clock input.
ci1ouUT (o] Comparator 1 output.
RAS/ANA/SS/C20UT 7 4 TTL
RAS5 1o Digital 1/O.
AN4 § Analog input 4.
SS 1 SPI slave select input.
c20UT (o] Comparator 2 output.
Legend: |=input O = output 1O = inputioutput P = power

~—=Notused TTL=TITL input
This bufler is a Schmitt Trigger input when configured as the external interrupt.

Note 1:

ST = Schmitt Trigger input

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 Osciliator mode and a CMOS input otherwise.

DS39582B-page 8
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PIC16F87XA

TABLE 1-2:  PIC16F873A/876A PINOUT DESCRIPTION (CONTINUED)

PDIR.SOIC, | QFN | VO/P Buffer
Pin Name SSOP Pin# | Pin# | Type Type Description
PORTB is a bidirectional V'O port. PORTB can be software
programmed for intemal weak puil-ups on all inputs.
RBO/INT 21 18 TrusTi!
RBO o Digital /0.
INT | External interrupt.
RB1 22 ‘19 o TIL Digital /O.
RB2 23 20 o TTL Digital VO.
RBIPGM 24 2 TTL
RB3 o Digital VO.
PGM | Low-voltage (single-supply) ICSP programming enable pin.
RB4 25 22 o TTL Digitai 1/O.
RBS 26 23 1o TTL Digital /0.
RB6/PGC 27 24 TTUST®
RB& Lo} Digital L/O.
PGC | In-circuit debugger and ICSP programming clock.
RB7/PGD 28 .| 25 TTUSTR
RB7 1o Digital VO.
PGD 110 In-circuit debugger and ICSP programming data.
PORTC is a bidirectional /0 port.
RCO/T10SO/T1CKI 11 8 ST
RCO (e} Digital /0.
T1080 (o] Timer1 ascillator output.
T1CKI 1 Timer1 external cleck input.
RC1/T10SICCP2 12 9 ST
RC1 lle] Digital I/O.
T10SI i Timer1 oscillator input.
CcCP2 [He} Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 13 10 ST
RC2 /o Digital I/O.
CCP1 o] Capture1 input, Compare1 output, PWM1 output.
RCISCK/SCL 14 1 ST
RC3 "o Digital VO.
SCK e} Synchronous serial clock input/output for SP1 mode.
SCL o Synchronous serial clock input/output for 2C mode.
RC4/SDI/SDA 15 12 ST
RC4 o Dightal 1/O.
SDI I SPl data in.
SDA Ho C data /0.
RCS/SDO 16 13 ST
RC5 Vo Digital /0.
SDO (o] SPI data out.
RCE/TX/CK 17 14 ST
RC6 I{e] Digital Y/O.
™ O USART asynchronous transmit.
CK o USART1 synchronous clock.
RC7/RXDT 18 15 ST
RC7 i10 Digital /O.
RX | USART asynchronous receive.
DT 1o USART synchronous data.
Vss ] 8,19 56 P —_ Ground reference for logic and VO pins.
VDD 20 17 P — Positive supply for logic and 1/O pins.
Legend: {=input O = output 1/Q = input/output P = power

—=Notused TTL=TTL input ST = Schmilt 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 bufter is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

© 2003 Microchip Technology Inc. DS395828-page 9



PIC16F87XA

TABLE 1-3:  PIC16FB74A/877A PINOUT DESCRIPTION

PDIP | PLCC | TQFP | QFN | vO/P Buffer
L Pin Name pin# | Pin# | Pirt | Pink | Type | Type Description
OSC1/CLKI 13 14 30 a2 ST/CMOSH | Oscillator crystal or extemnal clock input.

0SC1 1 Oscillator crystat input or extemnal 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).

OSC2/CLKO 14 15 31 a3 — Oscillator crystal or clock output.

0SsC2 o) Osclllator crystal output.

Connects to crystal or resonator in Crystal
Osciflator 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/NVPP 1 2 18 18 ST Master Clear (input) or programming voliage (output).

MCLR | Master Ciear (Reset) input. This pin is an active
iow Reset to the device.

vee P Programming voltage input.

PORTA is a bidirectional /O port.

RAO/ANQ 2 3 19 19 TTL

RAO 1o Digital ¥O.

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

RA1 1o Digital VO.

AN1 | Analog input 1.
RA2/AN2/VREF-/CVREF| 4 5 21 21 TTL

RA2 1o Digital {/O.

AN2 l Analog input 2.

VREF- { AJD reference voltage (Low) input.

CVREF 6] Comparator VREF output.

RAJ/AN3/VREF+ 5 6 22 22 TTL

RA3 o Digital ¥O.

AN3 | Analog input 3.

VREF+ | AJD reference voltage (High) input.

RAA/TOCKIC10UT 8 7 23 23 ST

RA4 110 Digital 1O - Open-drain when configured as
output.

TOCK) i Timer0 extemnal clock input.

c10UT 0 Comparator 1 output.

RAS/AN4/SSIC20UT 7 8 24 24 T

RAS 110 Digtal /0.

AN4 1 Analog input 4.

SS 1 SP1 slave select input.

Cc20UT (o] Comparator 2 output.

Legend: |=input O = output /O = input/output P = power

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

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

ST = Schmitt Trigger input

DS39582B-page 10
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
PDIP | PLCC | TQFP | QFN | VO/P Buffer
Pin Name Pin® | Pin# | Ping | Pink | Type | Type Description
PORTB is a bidirectional /O port. PORTB can be
software programmed for intemal weak pull-up on afl
inputs.
RBO/NT 33 | 36 8 9 TTUSTY
RBO vo Digital VO.
INT | External interrupt.
RB1 34 a7 9 10 Tio] TTL Digital /O.
R82 35 as 10 1 /o TIL Digital VO.
RB¥PGM 36 39 11 12 TTL
RB3 Tie] Digital /O.
PGM | Low-voltage ICSP programming enable pin.
RB4 a7 41 14 14 10 TTL Digital /0.
R85 a8 42 15 15 0 TTL Digital /0.
RBE/PGC 39 43 16 16 TIuUsT®
RB6 Ie) Digital VO.
PGC 1 - In-circuit debugger and {CSP programming clock.
RB7/PGD 40 44 17 17 TTLST
RB7 e Digital VO.
PGD 1o In-circuil debugger and ICSP programming data.
Legend: [ =input O = output YO = 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 2 CMOS input otherwise.

© 2003 Microchip Technology Inc.
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
POIP | PLCC | TQFP| QFN | VO/P Buffer
Pin Name Pink | Pin# | Ping | Ping | T Type Description
PORTC is a bidirectional VO port.
RCO/T10SO/TICKI 15 16 32 34 1)
RCO vo Digital VO.
T10S0 8] Timer1 osciflator output.
T1CKI i Timer1 extemnal clock input.
RCUT10SICCP2 16 18 35 as ST
RC1 Te] Digital VO.
T108! 1 Timer1 osclliator input.
CCP2 1o Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 7 19 36 36 ST
RC2 1o Digital O.
CCP1 110 Capture1 input, Compare1 output, PWM1 output.
RCISCK/SCL 18 20 37 37 ST
RC3 vo Digital VO.
SCK o Synchronous serial clock input/output for SPI
mode.
SCL - o Synchronous serial clock input/output for 1I2C
mode.
RCA/SDISDA 23 25 42 42 ST
RC4 Vo Digital VO.
SDI i SPI data in.
SDA o 12C data I10.
RCS/SDO 24 26 43 43 ST
RC5 o Digital VO.
SDO O SPI data out.
RC6/TX/CK 25 27 44 44 ST
RC6 /(8] Digital I/O.
™ O USART asynchronous transmit.
CK o] USART1 synchronous clock.
RCTRXDT 26 29 1 1 ST
RC7 ‘ o Digital KO.
RX 1 USART asynchronous receive.
DT o USART synchronous data.
Legend: | =input O = output /O = mputioutput P = power
—=Notused TTL=TTL input ST = Schmitt Trigger input
Note This buffer is a Schmitt Trigger input when configured as the extemnat interrupt.

1:
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.

DS395828-page 12
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PIC16F87XA

TABLE 1-3: PIC16FBT4A/877A PINOUT DESCRIPTION (CONTINUED)
POIP | PLCC | TQFP| QFN | VO/P Buffer
Pin Name Pin# | Pin# | Pin# | Pin¥® | Type | Type Description
PORTD Is a bidirectional 'O port or Parailel Slave
Port when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 38 sT/TTL
RDO Vo Digital VO.
PSPC (8] Parallel Slave Port data.
RD1/PSP1 20 22 39 39 sTTL®
RD1 o Digital /O.
PSP1 o Parallel Slave Port data.
RD2/PSP2 21 23 40 40 stTTL®
RD2 o Digital VO.
PSP2 o Parallel Slave Port data.
RD3/PSP3 22 24 41 41 sTTL®
RD3 Vo Digital 1O.
PSP3 o Parallel Slave Port data.
RD4/PSP4 27 30 2 2 ST
RD4 "o Digital Q.
PSP4 vo Parailel Slave Port data.
RD&/PSPS 28 31 3 3 sSTATL®
RD5 110 Digital Q.
PSP5 /O Parallel Slave Port data.
RD6/PSPE 29 32 4 a4 sTTL®
RD6 lle] Digital VO.
PSP6 110 Parallel Siave Port data,
RD7/PSPT7 3¢ | 33 5 5 st
RD7 1o Digital /0.
PSP7 o Parallel Slave Port data.
PORTE is a bidirectional 10 port.
REQ/RD/ANS 8 9 25 | 25 STATLS
REOQ 10 Digital VO.
RD I Read control for Parallel Slave Port.
ANS | Analog input 5.
RE1/WRJANG $ 10 26 26 sTTL®
RE1 1o Digital VO.
WR | Wirite control for Parallet Slave Port.
ANG 1 Analog input 6.
RE2/CS/AN7 1 | | 27 | 27 STTL®
REZ2 vo Digital LO.
CS | Chip select control for Parallel Slave Port.
AN7 I Analog input 7.
Vss 12,31}113,34§ 6,29 | 6, 30, P — Ground reference for logic and /O pins.
31
VoD 11,32(12,35| 7,28 | 7,8, P —_ Positive supply for logic and YO pins.
28,29
NC —_ 1,17, | 12,13, 13 — — These pins are not intemally connected. These pins
28,40 |33, 34 should be left unconnected.
Legend: |=input O = output 110 = input/output P = power

—=Notused TTL=TTLinput
Note 1: This buffer is a Schmift Trigger input when configured as the extemnal interrupt.
2: This buffer is a Schmitl 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.

ST = Schmitt Trigger input

© 2003 Microchip Technology Inc.
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LAT41, pATATY

GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

Short-Circuit Protection
Offset-Volitage Null Capability

Large Common-Mode and Differential
Voltage Ranges

No Frequency Compensation Required
Low Power Consumption
No Latch-Up

Designed to Be Interchangeable With
Fairchild pA741

description

The pA741 is a general-purpose operational
amplifier featuring offset-voltage null capability.

The high common-mode input voltage range and
the absaence of latch-up make the amplifier ideal
for voltage-follower applications. The device is
short-circuit protected and the intemal frequency
compensation ensures stability without external
compoenents. A low value potentiometer may be
connected between the offset null inputs to null
out the offset voltage as shown in Figure 2.

The pA741C is characterized for operation from
0°C to 70°C. The pA741l is characterized for
operation from —40°C to 85°C.The pA741M is
characterized for operation over the full military
temperature range of —55°C to 125°C.
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'"41, uATATY

{ERAL-PURPOSE OPERATIONAL AMPLIFIERS

Y948 - NOVEMBER 1970 - REVISED SEPTEMBER 2000

AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
SMALL CHIP CERAMIC | CERAMIC PLASTIC FLAT
T, TSSO FORM
A OUTLINE CARRIER DiP bip Dip (PW)P PACK ™
{D) {FK) ) (JG) (P) U
0°C to 70°C pA741CD RAT41CP | pAT41CPW uA741Y
~-40°C to 85°C pA741ID pAT41IP
-55°C o 125°C PATAIMFK | pA741MJ | nAT4IMIG PAT41IMU
e D package is avallable taped and reeled. Add the suffix R (e.g., ;pAT41CDR).
ematic
& o VCC+
iN-~ [
]
ouT
IN+
¢ N
b
hd —Pp—
9 ¢
B
OFFSET N1 j_T
OFFSET N2 % %
2 -+ - * * Vee-
Component Count
Transistors 22
Reslstors "
Diode 1
Capacitor 1

{’ TEXAS

INSTRUMENTS
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41, pATATY
IERAL-PURPOSE OPERATIONAL AMPLIFIERS

194B - NOVEMBER 1870 - REVISED SEPTEMBER 2000

olute maximum ratings over operating free-air temperature range (unless otherwise noted)t

HAT41C PATAN pPAT4IM UNIT

sy voltage, Voc+ (see Note 1) 18 22 22 v
ly voltage, Vo - (see Nota 1) -18 -22 -22 v
rential input voltage, Vip (see Note 2) 156 130 +30 \'
tvoltage, V) any input (see Notes 1 and 3) 15 +15 115 A
ge between offset null (sither OFFSET N1 or OFFSET N2)and Voc — +15 +0.5 10.5 A
ation of output short circuit (see Note 4) undimited unlimited unlimited

rating free-air temperature range, Ta Oto 70 -40t B85 |-55t0 125 °C
age temperature range ~6851t0 150 | -65t0 150 | -65t0 150 *C
® temperature for 60 seconds FK package 260 *C
1 temperature 1,6 mm (1/16 inch) from case for 60 seconds | J. JG, or U package 300 °C
4 temperature 1,6 mm (1/16 inch) from case for 10 seconds  } D, P, or PW package 260 260 °C

asses bayond thosa listed under “absolute maximum ratings™ may cause permanent damage to the device. These are stress ratings only, and
chional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
wied. Exposure to absolute-maximum-ratad conditions for extended periods may affect device reliability.
ES: 1. Al voltage values, unless otherwise noted, are with respect 1o the midpoint between Vcc+ and Voc -
2. Differential voltages are at IN+ with respect to IN—.
3. The magnitude of the input voltage must never exceed the magnitude of the suppty voltage or 15 V, whichever is less.
4. The output may be shorted to ground or either power supply. For the 1A741M onty, the unlimited duration of the short circuit applies
at (or below) 125°C case temperature or 75°C free-air temperature.

DISSIPATION RATING TABLE

POST GFFICE BOX 655303 ® DALLAS, TEXAS 75285

PACKAGE Ta <25°C DERATING DERATE Ta=70°C Ta = 85°C Ta = 125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING
D 500 mW 5.8 mW/rC 64°C 464 mwW 377 mW N/A
FK 500 mW 11.0 mw/°C 105°C 500 mW 500 mwW 275 mWw
J 500 mW 11.0 mW/*C 105°C 500 mW 500 mW 275 mW
JG 500 mW 8.4 mW/IPC 90°C 500 mW 500 mw 210 mw
P 500 mW N/A N/A 500 mW 500 mW N/A
PW 525 mW 42 mWrC 25°C 336 mW N/A N/A
U 500 mW 54 mWrC 57°C 432 mW 351 mw 135 mW
i}
{F TeEXAS
INSTRUMENTS



741,

WATATY

uA
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS0948 - NOVEMBER 1970 — REVISED SEPTEMBER 2000

electrical characteristics at specified free-air temperature, Voci = +15 V (unless otherwise noted)

TEST MATA1C pA741l, AT4IM
PARAMETER Tal UNIT
CONDITIONS A MN TYP MAX| MIN TYP WMAX
25°C 1 1
Vio Input offset voltage Vo=0 s 3 mv
Full range 75 6
AVio(adj) Offset voitage adjustrange |V =0 25°C 15 15 mv
25°C 20 200 20 200
) tnput offset current Vo=0 nA
Full range 300 500
25°C 80 500 86 500
B Input bias current Vo=0 nA
Full range 800 1500
Common-mode 25°C 12 £13 £12  +13
VICR nput v
voliage range Full range $12 112
R =10k0 25°C +12 +14 +12 +14
V. Maximum peak output R 210kQ Fullrange | +12 +12 v
oM voltage swing RL =2 kQ 25°C 10 £13 10 £13
R 22kQ Fuil range +10 +10 .
Large-signal differential R 22kQ 25°C 20 200 50 200 VimV
'm
Ao voltage amplification Vo=+10V Fullrange | 15 25
1] fnput resistance 25°C 0.3 2 0.3 2 MQ
o Output resistance Vo =0, SeeNote5 25°C 75 75 Q
Ci Input capacitance 25°C 14 14 pF
- iecti 25°C 70 90 70 90
CMRR Cqmmon mode rejection Vic = VicRrmin a8
ratio Full range 70 70
v 25°C 30 150 30 150
Ksvs Supply v\c;l‘tage sensitivity Vo =49 VIo +15V LN
{AVIp/avee) Full range 150 150
los Short-circult output current 25°C +25 140 12§  +40| mA
: 25°C 1.7 28 1.7 28
lcc Supply current Vo =0, Nolad mA
Full range 33 33
25°C 50 85 50 85
PD Total power dissipation Vo =0, Noload mw
Full range 100 100

T Al characleristics are measured under openHoop conditions with zero common-mode input voltage unless otherwise specified. Full range for
the pA741C is 0°C to 70°C, the pA7411 is ~40°C to 85°C, and the pAT41M is -55°C to 125°C.
NGTE 5: This typical value applies only at frequencies above a few hundred heriz because of the effects of drift and thermal feedback.

operating characteristics, Voci: =215V, Ta = 25°C

741C T411, pAT41M
PARAMETER TEST CONDITIONS ) pA uA UNIT
MIN TYP MAX MiN TYP MAX
i Rise time V| =20mv, R =2kQ, 03 0.3 ps
Overshoot factor € =100 pF, See Figure 1 5% 5%
o V| =10V, R =21iQ,
SR Slew rate at unity gain CL = 100 pF, See Figure 1 0.5 0.5 Vius

“'F TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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wA741Y

IERAL-PURPOSE OPERATIONAL AMPLIFIERS

aﬂ — NOVEMBER 1970 - REVISED SEPTEMBER 2000

strical characteristics at specified free-air temperature, Vgg+ =115 V, Tp = 25°C (unless

arwise noted)
HAT41Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX )
Input offset voltage Vo=0 1 6 mV
adj) Offsat voltage adjust range Vo=0 +15 mv
Input offset current Vo=0 20 200 nA
input bias current Vg=0 80 500 nA
R Common-mode input voltage range 12 13 v
y Niaximurm pesk output voltage swing Ry = 10 kQ 112 114 v
R =2kQ +10 13
3 Large-signai differential vottage amplification R 22k} 20 200 Vimv
Input resistance 03 2 MQ
Output resistance Vo=0, SeeNoe5 75 Q
Input capacitance 1.4 pF
RR Common-mode rejection ratio ViC = VIGRmin 70 90 dB
s Supply voltage sensitivity (AVi0/AVee) Vec=19Vio 15V 30 150 | uvN
H Short-circuit output current 125 140 mA
; Supply current Vo =0, No load 17 28| mA
Total power dissipation Vo=0, No load 50 851 mw

characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified.
‘E 5: This typicai value applies only at frequencies above a few hundred hertz because of the effects of drift and thermal feedback.

grating characteristics, Vgt =115V, T = 25°C

HAT41Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Rise ime V| =20mV, Rp=2kQ, 03 us
Overshoot factor CL =100 pF, See Figure 1 5%
. ) Vi =10V, R =2k,
Slew rate at unity gain CL= 100 pF, See Figure 1 05 Vips

“9 TEXAS
INSTRUMENTS
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HAT41Y

IERAL-PURPOSE OPERATIONAL AMPLIFIERS

1948 — NOVEMBER 1970 - REVISED SEPTEMBER 2000

TYPICAL CHARACTERISTICST
INPUT OFFSET CURRENT INPUT BIAS CURRENT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
100 v T |15 vl 400 T T T
cC+ = Veoe =15V
90 Voo_=-15V 350 — Vgg:’—"sv
80 \\ <
[l 300
70 €
o\ o
50 N\ ]
\ T;? 200 \
40 \' £ 150 \
30 N\ " N
m
N Z 100
20 \\
\ 50 \\‘
10
0

-60-40-20 0 20 40 60 80 100 120140

Ta — Free-Air Temperature ~ °C

Figure 3

Vom - Maximum Peak Output Voltage — V

0
-60-40 ~20 0

20 40 60 80 100 120 140

Ta - Free-Air Temperature — °C

Figure 4
MAXIMUM PEAK OUTPUT VOLTAGE
v$
LOAD RESISTANCE
114 | Z—— -
VeCe=15V _HAT
13| Voe-=-15V
Ta =25°C
+12 v
/]
+11 s
+10 //
19 /
18
+7 /
16 /
15 //
+4
0.1 0.2 04 07 1 2 4 7 10

Ry~ Load Resistance — kQ

Figure 5

1ata at high and low temperatures are applicable only within the rated cperating free-air temperature ranges of the various devices.

“5 TeEXAS
INSTRUMENTS
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WATA1, PATATY
GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS094B — NOVEMBER 1970 — REVISED SEPTEMBER 2000
Mt

[ N
TYPICAL CHARACTERISTICS
OPEN-LOOP SIGNAL DIFFERENTIAL
MAXIMUM PEAK OUTPUT VOLTAGE VOLTAGE AMPLIFICATION
vs vs
FREQUENCY SUPPLY VOLTAGE
120 T Y 400 T
Ve =15V “ | Vo::g}\l
>l 118} voe_=-15V RL" o _~]
RL=10kQ “ E 200 Ta=25 L~
3 216 |- Ta =25°C E E //
2 14 m 5
-] \ g 1 //
£ 112 58
o \ o § 7
- E E l'
a 10 \ 3 i
o
E 18 g E w /|
£ 58 4
+6 S35
3 1 3
1 t4 \ l g 20
2 A <
> 12
NN
0 [l 10
100 1k 10k 100k ™ 0 2 4 6 8 10 12 14 16 18 20
f— Frequency — Hz Vee + - Supply Voltage -V
Figure 6 Figure 7
OPEN-LQOP LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
FREQUENCY
g mut AR AL
100 H Vece=15V
- Veo-—=-15V
; 3 90 N T Vo=+0V Tf
E m 80 | RL- 2 k2 it
&S Ta = 25°C !
G g 7 N
i3 @
wE g
g2 \
43 “ !
c o :
ga ¥ N
92 2
E o ..
0
-10
1 10 100 1k 10k 100k 1M 10M

f - Frequency - Hz
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NERAL-PURPOSE OPERATIONAL AMPLIFIERS

10948 - NOVEMBER 1970 — REVISED SEPTEMBER 2000

wATATY

N ¥ 8 2 383 2 8 8

-l
o o

TYPICAL CHARACTERISTICS
COMMON-MODE REJECTION RATIO OUTPUT VOLTAGE
vs VS
FREQUENCY ELAPSED TIME
1 LR B B Y 28
" Vece =15V 1
\ Vee.=-15V 24
N Bg=10kQ |
N Ta=25°C
N " S N o~
E 90%
. 16 }
g |
£ / 1
\ L 12 |
A\ g / |
\ 8 / |
! 1 Vecs =15V
o 4 [ Vee-=-15V |
0 10% [ RL=2kQ
t CL=100pF —
“ L amad ™ Ta = 25°C
—4 | |
1 100 10k ™ 100M . 1] 0.5 1 1.5 2 25
f— Frequency — Hz t~Time - ps
Figure 8 Figure 9
VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE
8 T T T
Vece =15V
6 Vee-=-15V |
- RL=2kQ
4 / CL =100 pF

Ta = 25°C

/Vo

1=

-2

V||

Input and Output Voitage - V
(-]

-4

-
|
=

-6

0 10 20 30 40 S0 60 70 80 90
t—-Time -~ us
Figure 10
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LM117/217
K’I LM317

1.2V TO 37V VOLTAGE REGULATOR

OUTPUT VOLTAGE RANGE : 1.2TO 37V
OUTPUT CURRENT IN EXCESS OF 1.5A
0.1% LINE AND LOAD REGULATION
FLOATING OPERATION FOR HIGH
VOLTAGES

« COMPLETE SERIES OF PROTECTIONS :
CURRENT LIMITING, THERMAL
SHUTDOWN AND SOA CONTROL

DESCRIPTION

The LM117AM217/LM317 are monolithic
integrated cirauit in TO-220, ISOWATT220, TO-3
and D?PAK packages intended for use as
positive adjustable voltage regulators.

They are designed to supply more than 1.5A of
load current with an output voltage adjustable
overa 1.2to 37Vrange.

The nominal output voltage is selected by means
of only a resistive divider, making the device
exceptionally easy to use and eliminating the
stocking of many fixed regulators.

TO-220 ISOWATT220
ABSOLUTE MAXIMUM RATING
Symbol Parameter Value Unit
Vio |Input-output Differential Voltage 40 v
lo Qutput Current Intenrally Limited
Top |Operating Junclion Temperature for: LM117 -55 to 150 °c
LM217 -25 1o 150 °c
LM317 010 125 °c
Pt ]Power Dissipation Internally Limited
Taig |Storage Temperature - 6510 150 °c
THERMAL DATA
Symbol Parameter TO-3 T0-220 |ISOWATT220] D?’PAK Unit
Rinj-case | Thermnal Resistance Junction-case Max 4 3 4 3 °crw
Rthj-ams | Thermal Resistance Junction-ambient Max a5 50 60 62.5 °chwW

November 1999 111




LM117/217/317

CONNECTION DIAGRAM AND ORDERING NUMBERS (top view)

~ [———— INPUT | INPUT
O [C—————3 ourrut O [ ————— outrur
e ADJUST | ADJUST
Tab sonnecied to pin 3
PC12090 PC12080
TO-220 ISOWATT220
A\ 4
1 {NPUTS
OUTPUT ]
——1 ADJ
£ PC11960 3-3043
D?PAK TO3
Type TO-3 TO-220 ISOWATT220 D?PAK
LM117 LM117K
LM217 LM217K LM217T LM217D2T
LM317 LM317K LM317T LM317P LM317D2T
SCHEMATIC DIAGRAM

211




LM117/217/317

BASIC ADJUSTABLE REGULATOR

S~ 5045

ELECTRICAL CHARACTERISTICS (Vi- Vo =5V, lo =500 mA, Imax = 1.5A and Pmax = 20W, unless

otherwise specified)
Symbol Parameter Test Conditions LM117/LM217 LM317 Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
AV, |LineRegulation Vi-Vo=31040V |Tj=25°C 0.01 | 0.02 0.01} 0.04 | %/Vv
0.02 [ 0.05 0.02 [ 0.07 | %/V
AV, |Load Reguation Vo< 5V T,=25°C 5 15 5 25 I mV
b =10 mAto luax 20 | 50 20 | 70 [ mv
Vo2 5V T,=25° 0.1 | 0.3 01|05 | %
b =10mA10 huax 03] 1 03|15 ] %
iaps |Adjustment Pin Cument 50 | 100 50 | 100 | pA
Alapy |Adjustment Pin Cumrent |Vi-Vo=2.5t0 40V 0.2 5 0.2 5 pA
L, = 10 MA O Ipax
Vper | Reference Voltage Vi-V,=25t040V 12 1125 1.3 | 1.2 125 1.3 | v
{between pin 3 andpin |L =10 MAto lmax
1) Pp < Puax
AV, |Output Voltage 1 1 %
“V, |Temperature Stablity
lo¢min) |Minimum Load Curmrent |V; -V, =40V 35 5 3.5 10 mA
logmex) |Meximum Load Vi-Vo<15V 1.5 { 2.2 15 | 2.2 A
Curment Pp < Pmax
Vi-Vo=40V 0.4 0.4 A
Pp < Pumax
7=25°C
6N Qutput Noise Vollage |B= 10Hz to 10KHz 0.003 0.003 %
(percentance of Vp) Tj=25°C
SVR [Supply Voitage T=25°%C Caps=0 65 65 dB
Rejection (") f=120Hz Caps=10pF| 66 | 80 66 | 80 dB

(*) CADJ is connected between pin 1 and ground.

Note:

(1) Unless otherwise specified the above specs, apply over the following conditions : LM 117 T;= - 55 to 150°C;
LM 217 Tj= - 2510 150°C ; LM 317 T; = O to 125°C.

31




LM117/217/317

Figure 1 : Output Cumrent vs. Input-output
Differential Voltage.
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Figure 3 : Reference Voltage vs. Junction
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APPLICATION INFORMATION

The LM117/217/317 provides an internal
reference voltage of 1.25V between the output
and adjustments terminals. This is used to set a
constant current flow across an extemal resistor
divider (see fig. 4), giving an output voltage Vo of;

Vo = Vger (1 +%) +1apy R2

The device was designed to minimize the term
lapy (100pA max) and to maintain it very constant
with line and load changes. Usually, the ermror
term lapy - R2 can be neglected. To obtain the
previous requirement, all the regulator quiescent
current is retumed to the output terminal,
imposing a minimum load current condition. If the
load is insufficient, the output voltage will rise.

Since the LM117/217317 is a floating regulator
and "sees” only the input-to-output differential

411

Figure 2 : Dropout Voltage vs. Junction
Temperature.

46830

ol 1|
l‘.lmmv
(1]
[~ Lo o L3N
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[~ e Y
1S
1
-850 '3 30  +10 AL~

Figure 4 : Basic Adjustable Reguiator.

Vi 2 warz v
H—4 w7
(M317
1

5-5045/1

voltage, supplies of very high voltage with respect
to ground can be regulated as long as the
maximum input-to-output * differential is not
exceeded. Furthemmore, programmable regulator
are easily obtainable and, by connecting a fixed
resistor between the adjustment and output, the
device can be used as a precision cument
regulator.

In order to optimise the load regulation, the
current set resistor R1 (see fig. 4) should be tied
as close as possible to the regulator, while the
ground terminal of R2 should be near the ground
of the load to provide remote ground sensing.
Performance may be improved with added
capacitance as follow:

An input bypass capacitor of 0. 1uF

An adjustment terminal to ground 10pF capacitor

574




LM117/2171317

to improve the ripple rejection of about 15 dB
(Caoy).

An 1uF tantalium (or 25uFAluminium electrolitic)
capacitor on the output to improve transient
response.

in additional to external capacitors, it is good

Figure 5 : Voltage Regulator with Protection Diodes.

practice to add protection diodes, as shown in
fig.5.
D1 protect the device against input short circuit,

while D2 protect against output short circuit for
capacitance discharging.

IN4OOY
m
. v,
240
n
Rt
=
P
C2
10 pF
S ~5046N

Figure 6 : Slow Turn-on 15V Regulator.

1 protect the device against input short circuit, while D2 prolects against output short circuit for capacitors discharging

Figure 7 : Current Regulator.
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LM117/217/317

Figure 8 : 5V Electronic Shut-down Regulator

Figure 9 : Digitally Selected Qutputs

¥j

O
TV t0 35V

L™M117 /
mM217
LM N7
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" >

" DIGITAL® INPUTS

(R2 sets maximum V)

5~-5055Nn

Figure 10 : Battery Charger (12V)

2l w7 3 0200
ViO—1 w27
IM317 Rg
R
1 ‘onf
R2
24K0
5-5050M1

* Rs sets output impedance of charger

L=Rs(1+-,%

Use of Rs allows low charging rates with fully charged battery.

Figure 11 : Current Limited 6V Charger

Vi LM117
O—e-2 LM217 3
LM 317

9Vto 30V

odus S—50511

* R3 sets peak current (0.6A for 102).
** C1 recommended to filter out input transients.
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LM137-LM237-LM337

ABSOLUTE MAXIMUM RATING

| Symbol Parameter Value Unit
Vi - Vo {Input Cutput Voltage Differential 40 \'
lo OQutput Current TO-220/TO-3 1.5 A
TO-39 05
Toper LM137 -55 to 150 oC
LM237 -25 to 150
LM337 Ot 125
Tay -65 to 150 oC
Pwt Intemally Limited w
THERMAL CHARACTERISTICS )
Symbol Parameter Typ. Max. Unit
Rey-case |Junction-case Themnal Resistance TO-3 4 ‘cw
TO-220 3
TO-39 15
Rmjamp |Junction-ambient Thermal Resistance TO-3 35 cw
TO-220 70
TO-39 160
ORDER CODES
PART NUMBER TEMPERATURE PACKAGE
RANGE T0-3 T0-220 TO-39
LM137 -55 to 150 °C LM137K LM137H
LM237 -2510 150 °C LM237K LM237SP LM237H
LM337 0to 125°C LM337K LM337sP LM337H
214 Lyy Ss-momson




LM137-LM237-LM337

SCHEMATIC DIAGRAM
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LM137-LM237-LM337

ELECTRICAL CHARACTERISICS

LM137:

-55°C < Tj < 150 °C

LM237: -25°C < Tj <150 °C
LM337: 0°C <Tj< 150 °C
Vi - Vo =5V, lo = 0.5 A (uniess otherwise specified)

Symbol Parameter LM137/LM237 LM337 Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Vret Reference Voltage
Tamn=25°C -1.225| -1.25 |-1.275|-1.213 | -1.25 | -1.287{ V
Tein S T < Trnax
3V S Vi - Vo| < 40V, 10mA < [lo| < |logmex)
P < Pmax 1.2 {1.25] 13 12 |-125] 13
Kwi Line Regulation
(Tamb = 25 °C, 3V < [V| -Vo| < 40V) - Note 2
b=01A 0.01 0.02 001 | 0.04 %V
lo=20mA 0.01 0.02 0.01 0.04 %N
Kvo |Load Regulation
(Tams = 25 °C, 10mA < [lo] S |logmaxi) - Note 2
{Vol < 5V 15 25 15 50 mV
Vol 2 5V 0.3 0.5 0.3 1 %
Thermal Regulation {Tamb = 25 °C, pulse 10 ms) 0.002 | 0.02 0.003 | 0.04 %W
legj Adjustment Pin Current 65 100 65 100 pA
Alag  |Adjusiment Pin Current Change 2 5 2 5 nA
{Tamb = 25 °C, 10mA < |lo] < |logmax],
3V < |Vi -Vo| < 40V}
Kwi Line Regulation (3V < |V -Vo| < 40V) - Note 2 0.02 | 0.05 0.02 | 0.07 Y%l
Kvo |Load Regulation
(10mA < |lg| < llogmex)) - Note 2
Vol s 5V 20 50 20 70 mvV
Vol 2 5V 0.3 1 0.3 1.5 %
{lognind | Minimum Load Current
Vi -Vol < 40V 25 5 25 10 mA
Vi Vol £ 10V 1.2 3 1.5 6 mA
los Short Circuit Output Current
Vit -Vo| £ 15V (TO-3 and TO-220) 15 2.2 1.5 2.2 A
Vi -Vl < 18V (TO-39) 0.5 0.5 A
Vi Vol = 40V, Tj = 25 °C (TO-3 and TO-220) 0.24 0.4 015 0.4 A
[Vi Vol = 40V, Tj = 25 °C (TO-39) 0.15 0.2 o1 0.2 A
Vno |RMS Outpul Noise (% of Vo) 0.003 0.003 %
Tamb = 25 °C, 10Hz2 < 1 < 10KHz
Ruv Ripple Rejection Ratio
Vo=-10V,f=120Hz 60 60 dB
Cag = 10 pF 66 77 66 77 dB
Kvi | Temperature Stability 0.6 | o8 %
Kvh Long Term Stability (Tamb = 125 °C, 1000H) 0.3 1 0.3 1 %
Notes : 1. Although power dissipation is intemally limited, these specifications are applicable for power dissipation of :
= 2W for TO-39
= 15W for TO-220
s 20W for TO-3 Package
logman i8S :
« 1.5A for TO-3 and TO-220
e 0.5A for TO-39
2. Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in out-
put voltage due to heating effects are covered under the spedification for thermal regulation.
4/14
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LM137-LM237-LM337

OUTPUT YOLTAGE CHANGE (%]

ADJUSTMENT CURRENT {pA)
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LM137-LM237-LM337

RIPPLE REJECTION (d8)

RIPPLE REJECTION VERSUS OUTPUT
VOLTAGE
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RIPPLE REJECTION (dB]

OUTPUT IMPEDANCE {0}

LOAD CURRENT (A} OUTPUT VOLTAQE DEVIATION (V)
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LM137-LM237-LM337

TYPICAL APPLICATIONS
ADJUSTABLE NEGATIVE VOLTAGE REGULATOR

-9
H +
=i c2e LI PITR
1200 R2
v, Adj Vg Vo=-1ZBV (1 + FC) + (= log x R2)
o] ew ——0

* €1 = 1yF solid tantalum or 10uF aluminium electrdylic required for stability.
* * C2=1yF solid tantalum Is required only if regulalor is more than 10cm from power supply filter capacitor.

ADJUSTABLE LAB VOLTAGE REGULATOR

425 VO~ T

-0 1.2V to 20V

O -12Vto -2V

-2 VO L

The 10uF capaciors ara optimal to improve ripple nejection
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LM137-LM237-LM337

CURRENT REGULATOR

Ad
LMXY7
v, o
l l PRE-L
‘o

‘084< R1 < 12002

NEGATIVE REGULATOR WITH PROTECTION DIODES

o—
c2 + R2
10 uF “[-' 6ka s N
4G
Adj R1 . 1pF
209 U0 v
Yo
LM33Y v -0 _oy
v o
1 D1t
1N4002
V40 &

* When Cq is larger than 20uF, D1 prolects the LM137 in case theinpu supply is shorted.
* * When C2is largerthan 10uF and Vo is langer than — 25V, D2 pratects the LM137 in casethe output is shoried

9/14
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LM137-LM237-LM337

* - 5.2V REGULATOR WITH ELECTRONIC SHUTDOWN

v
-8Vt -2V O-

-

* Minimum output  — 1.3V when contrd inputis low.

ADJUSTABLE CURRENT REGULATOR

10/14
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25D2012

THERMAL DATA

LRthi-cue lThermaI Resistance Junction-case Max 1 5 l °crw l

ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
lceo  |Coltector Cut-off Vea =60 V 100 pA
Current (le = 0)
leso Emitter Cut-off Current |Vep =7 V 100 HA
(lc = 0)
Viericeo* | Coliector-Emitter Ilc = 50 mA 60 v
Breakdown Voltage
{le=0)
Vcegay* |Collector-Emitter lc=2A IB=0.2A 0.4 1 v
Saturation Voltage
Vee* Base-Emitter Voltage |[Ic=05A Vce=5V 0.75 1 v
hre* DC Current Gain lc=05A Vce=5V 100 320
lc=2A Vee =5V 20
fr Transition frequency Vee=5V le=05A 3 MHz
Ccso |Collector-Base Vce=10V =0 f=1MHz 35 pF
Capacitance

*= Pulsed: Pulse duration = 300 us, duty cycle £2 %

Safe Operating Area Derating Curve
( 2 DG10870 o GC57291
e (A 1 wax TIT %
. — PfJI.SED FULSE OPLRATION ¢
N\ 1\
. AW
\\
N\ 100
[
2 p— CEO:IAX \ \\ \ \‘
\§ N
° AN Y N
10 Y — N T 1ms ’s/a
e O\H10ms e
0.C. OPERATION HY]H100ms 50
] : ' ™ N
|——* For single non
repetilive pulse Piot
2 T
Hi ! —
Ho C 2 <68, 7 <e8 7 468 ; R L
10 10 10 Ver (V) 0 50 100 Te (%)
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25D2012

DC Current Gain

DG 10860

P

— VCE =5y

o LTI

2 4 68 2 4 &8

) € B
10 10 le {A)

Base Emitter On Voltage

0G10840

Yor {on) l

v) , /

1.2

Vc[ =5V

0.8 .

0.4
22 48
10 10

Collector Emitter Saturation Voltage

DG 10850
VC[(suI)
™
4
A
2 /‘/
107" !
8
3
R /|
// hee =10
2 v a
P
L~
-2
10 22 4 68 2 468 oz & 68
10 10 10 1e (A)

35




25D2012

TO-220F MECHANICAL DATA
DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 4.50 490 0477 0.193
B 2.34 274 0.092 0.108
D 2.56 296 0.101 0.117
E 0.45 0.50 0.60 0018 0.020 0.024
F 0.70 0.90 0.028 0.035
F1 1.47 0.058
G 5.08 0.200
G1 234 254 2.74 0.092 0.100 0.108
H 9.96 10.36 0.392 0.408
L2 15.80 0.622
L4 9.45 10.05 0.372 0.396
L6 15.67 16.07 0.617 0.633
L7 8.99 9.39 0.354 0.370
L8 3.30 0.130
Dia 3.08 3.28 0.121 0.129
e L
L I |
. l ? E
B
L6
Fr3) F (3x)
H @ > 46
G1
1
Dig -~ |
YR e ¥ L4 ‘
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AMOSPEC

PNP SILICON POWER TRANSISTORS

.designed for the output stage of 15W to 25W AF power amplifier

ZATURES:

0w Collector-Emitter Saturation Voltage
v, = 1.0V(Mm) @1.=2.0A,15=0.2A

PNP

258507

3.0 AMPERE

POWER

TRANASISTORS
60 VOLTS
30 WATTS

IC Cumrent Gain
hFE= 40-320Q).= 1.0A
somplementary to NPN 28D313
UMUM RATINGS
Characteristic Symbol 238507 Unit
ecior-Emitter Voltage Veeo 60 \'
eocior-Base Voltage Veao 60 Vv
fter-Base Voltage Vgno 50 V'
‘actor Current - Continuous I 30 A
- Peak [ 60
e current la 10 A
al Power Dissipation @T. = 25°C Py 30 w
erate above 25°C 0.24 Wr°ec
srating and Storage Junction T,.Tara °c
npecature Range 55 to +150
ZRMAL CHARACTERISTICS
Characteristic Symbol Max Unit
wmal Resistance Junctionto Case | Reje 416 ‘CAW
FIGURE -1 POWER DERATING
«© .
E 35
% 0
25 ~]
< \
<
§ 15 I~
10 \\
i ~
""a 0
0 25 50 ™ 100 15 150

T . TEMPERATURE(*C)

a'y)

Z2Z.COULECTOR
SEETTER
4.COLLECTOR(CASE)
oM MILLIMETERS
. MIN MAX
A 1468 | 153t
B ar | 104
Cc S0 652
D 13.08 | 1482
E 357 407
F 242 3.66
G 112 1236
H 0.72 096
| 422 498
J 114 1.3
K 220 287
L 033 0S5
M 248 268
o arn 380




288507 PNP

SCTRICAL CHARACTERISTICS ( Te = 25°C unless otherwise noted )

Characteristic Symbol Min Max Unit
F CHARACTERISTICS
Bector-Emitter Voltage Veso v
™ 10mA, =0 ) 60
Nector Cutoff Current leao wA
Ig= 20V, 1g=0) 100
flactor Cutoff Current 'cno mA
Ig= 00V, Ig=0) 5.0
Ip=40V, =0) 1.0
| CHARACTERISTICS (1)
3 Currerit Gain
o= 1.0A Vg=20V) * hFE(2) 40 320
1=01A V =20V) hFE 40
siector-Emitter Saturation Voltage : Vea-o v
12 20A, ;=200 mA) 1.0
wse-Emitter On Voltage Vagion) v
c™ 1.0A, Ve =2.0V) 15
/NAMIC CHARACTERISTICS
urrent-Gein-Bandwidth Product fr MHz
:icto.SAVﬁ=5.0V.f=1.0MHz) 50

) Puise Test Pulse Width =300 us,Duty Cycle S 2.0%
‘hFE(Z) Classification :
[0 c 80 Jeo D 120100 E 200160 F 320




25B507 PNP
R S s R

o~ Vce DC CURRENT GAIN
| L]
1 IR
l 2 Te=100°C Veg™20V
m 1.1 - -~
1 g 1] ‘4,\\\‘
A ool I
E l i \\
10 M N
& be SNITRNEAN
¥ 8 Y
s - NN
prner E ~
| “ 2
P 1
g=0 |.-<Izu r..,-elfc
L 10 20 Y, 10 50 001 B2 005 01 02 05 10 20 50 W

ic-Vbe k-l
2
[/ ‘]
Veg=2.OV
) [N/ g u :
(// 70— ~t
A ] d
/175 g
P 1’.-15°c-,4/ £
/// gzo COMMON EMITTER
I/ / T25C
8 / / é VoSV
/ // 10|
4 I/ :o"
/ i
° 04/ 08 12 18 20 o%.oz 005 01 62 0s 10 20 0
Vaz . BASE . BMITTER VOLTAGE (V) k. COLLECTOR CURRENT (A)
ACTIVE-REGION SAFE OPERATING AREA (50A)
10F
= — There are two kmitation on the power handiing abiilty
5o - 20m of a transistorsverage junction tempersture and second
breakdown safe opersting area curves indicate IV
~ 3 limits of the transistor that must be obeerved for reliable
20 < operation Le., the transistor must not be subjected to
& \\ greater dissipation than curves indicate.
1= S The data of SOA curve is bese on T =150 °C:T is
I wariable depending on condlions. second breakdown
05| —-—— Bording Wire Limit puise hmits are valid for culy cycles to 10% provided
‘“'::mim Lt Tapc<ISO°C At high case tempersiures, thermal kmita -
T 25 (Single Puine} tion will reduce the power that can be handied to valuse
o— less than the limitations imposed by second brealciown.
oL LU
10 20 30 SO 70 10 20 % % ™ 100

Voe . COLLECTOR BMITTER VOLTAGE (VOLTS)
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