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1.6 Flow Diagram

+ Voltage/Current
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2.1 NSYBUABDKUU SPI

SPI 30 Serial Peripheral Interface ({UW38n15d9anseunsuwuy Synchronous 8n
sUuuunils Faihanlugduuunligunsaldmisimdndu Master Tuvazfisninian
wihiliu Slave uazawnsadedayalulyun Full-duplex Tunsneaman g inaiunsods
mifulAsening Master wag Slave ldegsreailies JUnuudeyanisieaiswie Protocol 1o

- m w o Y ' o o W <4
wu SPI i ldldnmsguiviuaanes ddeyandaiudesedlusuuuunse Format wuu
Inu 10un1sAa Protocol” ~Msded1siuiees niogaan Datasheet  woegUnsal
Qs [ & = 4 = 173 1
gneeegUnsainldmsdioasuuy SP laun

-« lugawlasduaoundamiuiinea waslugaulasdyaidnaaduouten
«  nsdnsaduriieAIIma) EEPROM Lay FLASH
»  lugauniinifdnea u5e Real Time Clock : RTC
« WuweiTagamgll uazauy
E}Uﬂ’iiﬁgu i \1 sighal 'mixer |, Potentiometer |, LCD controller ;-USART , CAN

controller , USBecontroller , Amplifier

( |
Vi aIl W e [
|

Pl MOSI) i - ety 4450 LUSQ SPI
Master L R ] T, 0] Slave
\SS w««w——-————-l\ss “

e LR T

= s =
JUn 2.1 NseuaN TSRS SPI sevingunsal Master = Slave Tneilaedyayu &
1dU 58 Four Wire Usznaunae

- |

= SCLK (Serial Clock) 1%d
MvuaTanznsTudsdeya

= MOSI (Master Out Slave In) 'lmmﬂﬂ'agamﬂqﬂmzﬁ Masterlﬂﬁﬁqﬂﬂizﬁ Slave

= MISO (Master In Slave Out) ld¥utayangunsel Slave

* \SS (Slave Select) 3o 11 CS (Chip Select) 9dsdryainu Low lugagunsal Slave

adyyruuniiniangunsal Master lugsgunsnl Slave e

Aoennsiudsdaya

gunsal Master viwthiludnruaunisdeansiomun Tngauaunseasaudyio

a

L3

w1 waraedgyyu S dunaneisludmndaduladon Su vise dudayaludigunsal

7

Slave



s v o ael w

euLEd SS w3 Slave select Tunsel 7l Slave unna 1 @2 Tawnsyvinlviidu SS 3
%) L ﬁl v =3 1 a s -y 1 d

gaudtyarantu Low Wedsanisfindedu Slave fla a1ngu 1-2 windesnisiindedads

‘vgunsal Slave Mla Auesvinlidygn SS vea Slave iy Hsedudgygyraniu Low

af

Master

JU# 2.2 msiwenseniIsieansuu SPI seminvgunsal Master - Slave wangda

dlewSsuliieyszninansieans SPI A 12€ Ifunisdomsoynsuuy Synchronous
wnedwmiunisdoasdeyaniaiasi i niisauds EEPROM-vielugaunfiniiinea
Tofvaan1sfeansuuu-SPl | fip anusnded 1Ly Full. Duplex nanafodnutsniuuazds
Foyaldmianq fu msediamedyneisuuazdstogaloniams gUiuunsioasvas SPI i
fiosrivun Address- LitaTzyguninidesnisdearsmilew 12C  iflessanidaedayn o S
Hushmuau Fsisasmsiudadeyagendn 12C Lasimngdaviumsivdsieyauuusieiiios
w38 Streaming -tnl5fen wnilgunsal Slave wangsafagu nsdeansuuu SPI desld
aedIuINmIg 12C

4096xVin

Digital Output Code = £ i (2.1)

VUELUG) Vin ' = analog input

Vout = reference-voltage



2.2 Instrument transformer

Instrument transformer Aegunsniilduangunsaliniesilodnuas/miogunsal

AuANAieagAu secondary BanNAULWLTIgeNFBIdIMe primary ¥84 Instrument
[
transformer @usanenaanidu
¢ <l u LY =l 1
- gunsailduengUnsnlinnszua 13undn current transformer
- gunsalilduengunsalinusesiu Sundn voltage transformer

Current Sensors (LUl IANTZLLE)

Ay,
iy Metert
et s S | ¢ A |
7 -
' N { ‘ _1
: | g |
i ’ o i ‘@ :-)‘ Riocad
(N Rioad v g}%
: ‘ /‘ 1 l ] 5
(. “ t 170 \ V|
Y /i ot
L—-...- - - ‘ y ALY
AR Meter 2

P o
JUN 2.3 MNLERINISHIINYB current sensors

aunfTs e mileivsenaude unasingln waslvan (RLoad) NEWa (1) mzlmaﬁmﬁx'amn
vosunast e iulnaniarludrhauyeamasny fdesnisvsunseud () Avaniy

Tan (RLoag) 3‘51‘7‘1&'1817’1'@@%@1%’;1@3 |=V/R AafoanIIuLssnuLiasdne (V) aanudiuniu
Tvan (R) fiagnsrunszud () 7ilvarmlvan (R ) viield Multimeter Aeaunsuiulran
(Rioea) Teainsade doudnlvan (Meterl) vvowdalvan (Meter2) flanm Meter yisaae

g1unseLalawiniu



97nng) KCL (Kirchoff current law) nasauvasnseualWinlvaid = nasauvas
nszualniluaesn

YOUANANNTENININTEUERTY (DC) wasnseuaadu (AC)

[ OC (Direct Current)

B AC (Alternzting Current)

SUT 2.4 9nnsw ssiiulddionainuiy Tulwibaszuanse (0C) nssuasglvalufiama
Ren fegrauasdne DC Atulddnfe uwunmeduiase wioundlaaneas Woieuiu
I nszuaady (AC) ﬂixLLaﬂzim'ﬁL‘Uf‘a"EmLLUaaﬁmmaamzuaag}maamnm Wy A.C
Generator, @18ds 1 UuAu

FULUUNSIANTEUE
1. Current Sensing Resistors
s S,
rw-«m -&&.‘3- S ‘
! R shunt
: ‘ RLo:d
L

i
H

'
B

e ]
JUN 2.5 nmuansasiieswnu nsianszualasld R Shunt

n13ianszualagld R Shunt Tnsandendnnisie Jaussiuiinnaseu R Afesq e
QUNTUAU Rigaq 1ENTT Ry Wi Annaunduilunszua lneangms

| = Vihunt/ Rehunt HBZE01500 10NN DC wag AC



2. Hall Effect Sensor

Hall aftect sensor

JUT 2.7 anuanaiduees Hall effect anelufiumsena ACS
o o [} 5 o ¥
Hall effect sensor [Humsianszuanesou disisidnenssualihie DC uag AC agvili
Wnduauuwivansouae
=i L3 = b 1 roa
I daduigas Hall effect sgluudnniduawudminvesaneln azdsdygnayaonin anu

seFuaunLLmEnTa e

3. Current Transformer

JUT 2.8 nmwanaannisianssualagly Current transformer



Mam Prmary WMan “rmary
Cenductor Caontluctar
Hdlow Core [‘;l 1
s
Ammeater
(1\) R &
cT 2 Secondary
é Winding
Primary -
Current
) Creutt
Cons'rction Symbol

UM 2.9 nwdtydnwaives Current Transformer

Y

Current Transformer ({un1sinnszualuimedauduiu Ingldudnnsmisniaes
aunuwiwdninilousundeudaslwi uideuliils Primary Wuanglndidesnisianssua
wnu warilitesunainils Secondary 138731 Current Transformer lawsndnanszualui
adulvaruangln azvihliAnduauuwlvanuasuuladldun wazlusatuanalninusou
WAy Inductive Sensor iliAnnseualiirduiionsiulvian dezialdianznszualyii
AC Wity nsiiidrenszualniih De wWilvluaneld avlifinnsasuwlasmosaunuuivgn
Faarliinmawieniesaunuidvgn wdnmstatmasadiluldiu Clampmeter

2.3 Microcontroller

lulpsmaulnsaiaei(Microcontroller) Ao gUNTAIATUANANIMEN  BIUTTY
Anuawnsafiaiiepdanuruuneiames  eglululasesulniaaeslasiuendig
Jheaud kazvein suluduusenoundnidfymesssuuneuiunasitn ety Tag

imsussliludadasenu

i
s

laseasalngnall vaslulaspeulnsamastu atnsauvsesninlaidu 5 dulnegq
slanaluil

mheUsznananamiedily (CPU : Central Processing Unit)

[

1 [} 1 1 = ] o qid ¥ o
MeANE1 (Memory)  @1unsauusaanidu 2 @14 fe wurga U ndlddmsuifu
TUsunsuman (Program Memory) Wisuidilausnsananvoanoinauiinimasilsy Aadaya
Tae ﬁgmﬁulﬂuﬁ%hj%wumalﬂLL;TlaJﬁIWLé'EN andiuvilafenuisaiiudndeya (Data

v o P ° aal & v ow )
Memory) lfilumilounnsearunalunisduinmediiy waziluiindoyadans v
17979 wavnnludlwdes ‘?J'aagaﬁ%meﬂ,ﬂﬂé’ﬂaﬁwmammum (RAM) lurpSaenaufiomas
29 1 uddwmivlulasaoulnsaaesaivlnd mheaudrdeyassiiieidunieaius
wsy fefayavsmeluilieliilwibes uaziduddwseu (EEPROM : Erasable Electrically

Read-Only Mempry) @sanunsaiiudoyalsiusilaiilvides
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3. dwdnsioriugunsainieuean visewesn (Port) &l 2 dnwmzAe weindunm (nput Port) way

a < L3

wosndsdyanmIenasnia1ding (Output Port) dauliasldlunsiensdedugunsalnteuaen

doTndudiunidrfguin Toswiussninmesnduwe Wosudaan 0199zfenisnaaing

o | al | a ] v
iehllussananauazdslunasaeding Ioudnmalty nsinainweavasald usu

=

4. Yasmuauvesdyq viada (BUS) Aaidunianisuaniufsudyaindoyaseving Gy

s

vuteauduaznesn (udnvausvesaredgygia druruninegateluda
lulasmoulnsaiaes Inowvadudadaya (Data Bus) , Uaueninsa (Address Bus) wazdd

AUAN (Control Bus)
5. aasAndedygiauning duiludiulssneundrdunndndiunils Wesannsvaun

Waduludlulasreulvsaaes aslusgiunisfmuadmig windygiauiRniiiaauias
wal X

Jamgnisvinaufazanuisavialdndudenalvlulasaoulnsaaasaitu Jausalunnsg

Uszananageulunieg

PIC (Peripheral Interface Controller)

= ' o

PIC #a microcontroller 8nmsunavils daun 3nd1In Peripheral Interface Controller &4

3/
=l g [}

concept 984 microcontroller AsgnauAfa sIuMNee9lTlui983PIC 191 PROGRAM
MEMROY, RAM, EEPROM, SERIAL, 12C, PWM, A/D sia Ingliditusossiagunsaliaiuain
aeuen TuRiwed PIC aglifendunlalunisussinana sHuiamineniusn devilvimiloudu
cPY

eioLae PIC AR program memory fidnwugidly page v Microchip 1a4fiag
WiugnsoenseliTslifaunooniniu PICIBOXXX | &3 PROGRAM MEMORY Lignudadu
page Snely uazfinrids ASSEMBLY 1 77 fvds sauitasonuuuly PROGRAM MEMORY
fuualvgtuiiesesdt n1sdeulusunsunis) € udasintudeldean PICIBEXXX A
wiaunu 1CD2
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40-pin PICmicro™ MCU Family

A/ g0 RETPGOKETS
30 fle—w RBEPGCKBEIZ
38 [ ——w RBSKBI1
37 [] w—e- RB4KEID
36 [1 w—s- RB3/PGRICCP2ICANRX
35 [ ~—s RB2/NT2ICANTY
34 [ e RBIANTI
33 [ -e—w RBOINTO

WCLRA > e []
RADHANG —a—w ]

RATANT ——[]
RAZIAN2ARLAN T - e []
RAZANINVRHVEL + e []
RAXTICK! =—w[]
RANSSIAHALVDIN =[]
REURDANS —a—n-[]

320 -— Voo
310 a— Vs

RE 1/WRANG ~=—m- ]
REXCSANT w—m-[]

— D DNOth&GR

PlCmicros

-8
0gds
Amp—eO 11 & 55 30 == ROIPSPIFD
AVss — [ 12 26 [] =—e ROGPSPAPC
OSCICLK] i [ 13 28 [ =—e RO5PSPAPR
OSCHCLKORAG a—[] 14 27 [1—e- ROAPSPAECCPA
RCOMI OSOTICK! e[ 15 26 [ w—e RCTRX/DT
RCAT1OSHCCP2 w1 16 25 [ ~a—e RCBTRCK
RCZCCP! w—w[] 17 24 3 w—w RCHSKOD+
RCHSCKASCL w—m[ 18 23 [ ~—= RCA/SDUSDAD-
ROOPSPOCTINY e[ 13 22 1 -+—= RDIPSPAC2N-
RDVPSPACTIN- =—w [ 20 21 [l ~—s RO2PSPZC2IN+

JU# 2.10 uansnauandfvesveslulasroulnsalaes

U

2.4 Solar Panel

o ]
2/ = el

\waRLEIDMng (Solar Cel) tluAwssAvgnssun19Blannseiind Aasnsuioidu

& o s < s = v r ] a4 o [l aa
gunsnidmsudsundenunaseindliilundanulvin Tneaisihansnaday 1wy 3aneu

[

= = > =l = dilj | a P a 9 I
“U\‘ill'i'lﬂ'lgﬂ‘Vl?j;ﬂLL'ﬁ%ﬁﬁJiJ'mV]EjﬂUuquﬁﬂﬂJ'mWuﬂ'SS‘U'JUH'l‘?VI’N"JWUWﬂWﬁﬁ%LW@NﬁﬁI‘ML‘LIULLN‘U

i
v o =i

mau‘%a;w'é LAz LA AASENUUULN UL YRS 'Nawamaawﬁaumma&wé’wuﬂiznauﬁ
Send1 Inmey (Proton) azgromwdenulsiusidnasey (Electron) ludnsiasynaud
wﬁ’mummwaﬁ%ﬂiximmaanmmﬂLLiaﬁa@maaasmau (atorn) - wazipdoudilaogidasy
Fauiledidnnsauindeuiiasuasaseei Al ssuansstu oinsandnuuens
wan W INEeaaLdseIAngwnuIn Lsaaéuaamﬁméﬂzﬁﬂizﬁw%m‘wmsw%‘mlﬂﬁwqaﬁqmlu
1299818197 Fedanadadtasminsanlunisdigaduasonindsnldudnlain iieudle

Ugywnsvmuaaunasaiulniludisnainansiu

af 1

= d = Ly ) aca 1 g
m'mam‘lwﬁ'm'mwaaummwm&mqmmwmﬂm LANA19AINITUNANEU TSNS A LUl

Ly

{ | -

o wdinuansssuei Ao uaserning Ssagetauazuiavs hinsufieriiaevild
dandeuiiuiiv

. Lﬂunﬂiﬂwwé’amumnLmzﬂ'aﬁﬁu%ﬁmﬁaﬂwﬁmmLLazlﬁﬁi'uwurﬂlﬂmﬂIaﬂﬁ

o awsathlldidondandanulilivaiudvilan wagldndsnulildlaenss

o lifaddidemadvlauenannuasering sadslaiinsening SelineliAauanne
FuenIALazI

o Liinvendsvaldan elifinisudesnafivinanedwinday

o lLidadsaarlifinsedsulmvasldnu Sdiifnuannzsudes

2
e 1

. ugunsaififindsegiui uaglufifudwlaifimsindoulmunegyhan aldidams
dnwse

o seamInmsthgesnwdesann

. ognsiauBusnuazUsEanninasd

o Sl Aadsine wdeudheazmnuasnnids

o ilomniidnwaiiluga Fsamsoussneuldmamunaiidesnis
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o Aeanlyminisaganvesfinenieg luussenia wu asusuuesuenlyn, damesle
sanlag, lalasasuau wasiwlulpsiaueanled a9 Fadunaainmsenlnsive
WDMWAITININUITY 0uiY LagRNwsSIUYIRA

Uszdanaatuun

wankaseindgnasiaduunasuwsniul e 1954 (w.a. 2497) Tae wyuTu (Chapin)

Waiaes (Fuller) wasiiiedu (Pearson) uwiauadinatalvlu (Bell Telephon) Tnesta 3 viuiild

U

v

Aunumalulagnisasnesesse A-0u (P-N)  wuulud laedsnisunsansidnlulundnuas
ganou uldlwaduaserfingduusnveslan Fefluszdnsamiies 6%  Fedeqtuilead
waofindlaignitanntuuiiussdniamgenia 15% wé lussevusnivadumeinddou
Tngadlddmsulasinisiueinie afisuviesuenmeaidsnniulanldlassluesne f
Tdunswaduaseniindiluunasiniiandsliiy deunddafimsiiemnavaduaseriindunly
vuilaniuludlagtuil lwaduaseriadlusausng dvlvgazildne uilutagtuidlas

n1sWaN Iigaauaseindfanee Auly 1wy wes YRy (Aen wos Wudu iioauaisany

\waduase17ing uunantiu 2 ngu

1. N3y lwadLAsNiIngIvhonansAtIIUsEINERRe Y Azuien vy
vowanTANTY Ao wuumiiu JUnan ( Crystal ) tavwvuitliibugusdn
(Amorphous) wyuidusundn szudseanidu2. wda fio yliandniden
Zanou ( Single Crystalline Silicon Solar Cell) waz ¥lnuansMTaADY (
Poly Crystalline Silicon Solar Cell) LLUUﬁIﬂJLﬁH‘EUNﬁﬂ Ao vilandy
undeguasNadanau ( Amerphous Silicon Solar Cell)

2 nauadieindiivhanaisuseneuiileldddney dsusaand andu
\wadude AR IHUss@vBNmgeRy 25% DUl wilsengannn Tifiey
dharlduuiulan Seldudmiuarifisuasssuusauuaaudidng
winsaLruIunsranatlvigyildisnaignas wazunlduiniu

Tuawpn ( Jaguuhunldifies 7 % vaauiuanildimun )
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dquUsenauvaLYadnasRIing

wi-anlasng

CNl Wi FO0 1,
Vdairiiag

mrauiimian
i tnedized ™, a8

Bibaias v ier

L : R
Edwlene Vievl deetate ‘\

(EV) Tedlur alinsninm sundwich

JUR 2.11 nmuansdIuUsEnauvaAtuaseTing

usupdeUlWinTnanTuI Nwad LA nEREsTaRR s AR Mgt
wfouwadviats  Wwad isofuuuuoynsuitaiinAusandoulniiligsty iwaditiiun
sofulusuiularuIAINzaS NI LNIwaaLAS 877ing (Solar Module wie Solar
Panel) msveaanasarindliduimsfifiemauazmnlunisihlulda shumhveuaa
1as UsTnoume Wiunszand TaauraNyemana %aﬂﬂmamﬁﬁiummaﬂﬁummulﬁﬁ
wasdadunsztafuuiieagsndae Lnasadaedosiing taefuauduiimn sz
szdesagnanauaanaeiduaaisniu lumsussnavagiodliiagiidaiuamuuardes
fupmnuduili wu 3alautes Fie (Ethelele Vinyl Acetate) sy ilaidunistaatuuy
nIEINFLULTBINIAA 3 KasdnsaseufeTanisiamudaiss uduneefalsifia
iy dfimsiasuarauiusvetRunsEanlddisane Saiamnsanaununsyinnsouls
Wy Feiuunaadsdidnuasduisuty (aminate) Ssassnnlunisines

VANNITNNNUY DU AALEIRITIAE

nsivueLgaslasefing \urtaunisildsundsusasdunssualuiile
Tnense lnoilonasdadunduueimaniniuazindsmnunsenuiuasiai azinng
fenoand szl HauInLasesliRansAdeuRivasnssudlii Blannsau)
Fuluansieini Ssannsadonszualwiasnanluldeuls (m1ugV)
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Sunlight Sunlight

Front electrode (-) i
Suniight ¢

¥ %

Anti-reflection :ca(inu\
R

N-type silicon (P+)—*

P-type sllicon (8-) —

Back electrode (+)
——» Current

JUM 2.12 uamanisindeunveanssualnil

L.n - type 3Anoy Seagiumihueusad Ao ashesniilansiadadheansreanada i
Aantaduilvididnnseuiesundnuainuasefind p - type 3anou Aoansiefaniiile
nstautiheanslusey vililassasreveseznengyidudidnaseu (lea) iWadundsau an
wasnfindagymiilumsudidnnsey Wethaneusta 2 via uUssausefudie p-n
junction FwiliAnu " wasuaseing " luannsndilidiawan n - type Fanauieg
munhwenead diudsznevdilugnsauaslididnnsou unffeilleaUzuuegihadntios
funthwos n - type asilunulaneiFunin Front Electrode vihmihddussusidnnseu
dup - type &dnoudseginmdsensan’ Taswdidiuingidulea winaddiinnsou
UgUutnadndan aundewes p - type dameuasiuaulangifenia Back Electrode v
vihidusnuslea

1

ar=.edon

LG LA e

o Junetinn - B

=] A A
EUW 2.13 waminmsinasanvaenszudlnin

2. \flpfluasovindnnnsenu waseadindazansinndsulidudidnnseunazioa viliianis
i ﬂl s ::’, = ﬁl d L I s =y Q’ L gj
wdpulm Wewdgemensdifinaseuiaslsassiadamifiodugiu Sidnaseuasisludatu n

- type wazleavzisludedu p type
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PR

3 Blannsauelusauiui Front Electrode uaglaadslusiuiuil Back Electrode wiafinasse
21951 H191n Front Electrode wae Back Elec trode l9iasut9as faziinnssualniingy
Lﬁmmnﬁqﬁtﬁﬂmsauua::Iaa%ﬁfmﬁaﬁ’wjﬁ'u

i a4
JUR 2,15 uananainfosinvesnszualvih

ar 3

AuanUALazi s AyveLTadLaseIing

W

dah}dql [

salUsndditiaruvihlmvaduasan

o

Andiusgansnannasyaulundas iunsnaiy

i3 1
=l o

wazdlmnuddglumsiarsamhluldlundagiui sasasunisihlumuiussuunseniuin

s

i
o a) Rl | R AP T T
ULKILEDMRg Rl lunAaziud el
1. AMUTLYDILES
[~ [ 1l (%] o 1 P
nszualn (Current) aziludndiulaensatuanuduvedLas vuneaIuiieaIu
9 alv v (e a3 ok o ) 4 ¢
\NYBILAIE ﬂisLLawlmmnwaaummmaﬁ%@wu Turaeusasulnirvsolias
1 o [ 173 n] v =1 =l
unvuaglanuslumumnuuvesnasuinin AnudNvesasnltinluinsgiune
AMuITNYaLasitauuiulanluan wenirlaaaluds UsiAainuauenwas S
seauUImzlaluan miLasefingdeinduiulan fepnudy veunassilayinfy
100 mW #a f3.93. %39 1,000 W #8 A3.4075 DaiAi1du AM 1.5 (Air Mass 1.5)
} 2 =Y & o s d? 2/ = 1 sl
WAz IANgYIYY 60 BemnululanAuITNYBILEY dzAInAuYTEIINM 75
mW 68 A9.93. 139 750 W 69 A5.1UAS TNANYINAU AM2  ASHIUaduNuYas

uasenfingiuarldan AM 1.5 1Huinasgrulunsiauseavsanvasusns
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2. gaungil

=

nszualyl (Curent) aglaiudsmugamalimiuasundasly Tuvngiiussiulia (Thav)

)
wranauiiogungigeiy dddandoudayng 1 ssmidisdy ssvilfuseulai
anas 0.5% uarlunsdveunamaduasaniingumsgruildfnuadseansnimuns
WHALAIRNTIngAD 1 gaundl 25 a9 C 1y Avualiiunauaseindduseiulvvi
7199310 (Open Circuit Voltage 38 V oc) # 21 V o gaumadl 25 8aen C fay
yeA L wssdulwifeglfanunanaseniing eddlildserugunsallni
geuunil 25 a9 C Aswiriu 21 Vv dgumgiigandt 25 aeen C Ly gaumad 30
a9 C aevilvussdulaiivssumauaserfindanas 2.5% (0.5% x 5 e C) Hufe
LSIFUTBIUANLAIDIANGT V oc a8aRE 0,525V (21 V x 2.5%) widelfleq 20.475 V
(1v - 0525V) agdlddn dlegunndastu usatuliihfaranas faiiuasili

mdaluingegaueusiasindana g
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| mﬂémuﬁ’ulwﬁ’lnsmaﬂﬁu I

' 7—01‘54141
| LLEILHE A - ﬂ auadmad ﬂ"i“ua

____[_0 AR

JUM 2.17 msldnudulninssuaadu

I faduaseniingndnle Duliihnszuanss Wwudefuwtmaeilvi viedwlvane
nsifaueaduaioinddaldnuamaduiisatununmes wisoulnae vldaunsald
Uselonisruiild inszwaduaseriindudn il deduaseriing uaufuavaundssnutii
Pluwumneslwi weldeluswibifiuasenfngld waruaenAndidldilumidayseq
Touruumned wieamwlnasld iesanedadldininlaedaly snldiulnihnssuaaduialsl
annsaldnufugaduaarfindlilaenss foadsulainssuansstliduliinssuaadu

noulnelydunasines (Inverter)
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2.6 laloawUaads (light-emitting diode)

et

ot

Sunda 991 LED Aa dvanmnsolasuasenialiiasiivlateanyuiusenausiendy
Anuieuazanaosty Seinetunassssuaiimauneniiu Tnenasn LED  awnse
Wasadldiilotrenszualwiiduils admisgwiniu wasdsgansnmlunisbiuasadneis
fndmaealivuadnihe 1 lalonwidailLeD | inilaulalonth 4 lUilUseneudasansia
fahwila P uae N Usznuiuiifndmiasouduiuadensean Welalasnnlukeanseasyin
Wdlanmsautiansisindein N ndsnugsiusuannsmisdusegsolusmivlsalu P do
TiAandnulugUvesyssqliiney dsezdsuasonnut nasuazgnd LED Tuldausens
nisrnsdnsnnldlunaudasa (LED display) LED Tnevialuil 2 wfielvg) « fie LED wiladi
mauiiuld fusdiaitmauuediiiudeddvsndaneduniuisuuaumumay dagtuan
AUt Ivesnalulatiglnouinines ilinaluladvey LED Awihetns
sanmnulude i LED s Wusslovdunswanonniudesq iy luiniesdnian
dyyrauasnas Wvinesesus Jaedygiuaieg nane Inlddygyinvesussninig 1o
aweussuualig Belundmit wiiee LCD veslnsimislotiofis sl Woutmunes

T uasadinagne LED
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5U¥ 2.19 deyanuaiveslaloaasias

LED siudugunsalisfineusninasuuunisisenlinssualwilvaruuagasUdosuas
a31900n11 A3 LED lilddedlndusednile Tnedninermanslidunnunnaued
2450 duedneudnnesazivamaeanunienszualniiivariu sgdlsfAnunasiiiuas
ponuiiUSinaniosann Suildmaluladdlildsumauauls nsvnalulad LeD wrld
Usslomidandludldisudududiouns Nick Holonyak dn3deivisuiem GE Uszaunadnie
el 2505 Tun1susghug LED flannsnildsuaduasiidauaineenuinifisaweiaz
thunldusslenild vlivialansulinsius3souasinnnluduiognanieds egslsfinu
LED #ildnmsifeuazianilutisiudadaumeadnaissma Sdliausamluldusslon
Tugulinasadnsusiodndln dalughhluld Dududyaauedsng lugunsallwil (Wudud
waon LED munadnuiriudumn IWdesslugunsoib@nmsetindiiobidyanainedosids
Wandola Wuuasann LED agludanes ladldidu@an Jsfidadadnlunsiihwliuasading
uwnuvaealyl dwsuyanaddriiennsoudlatiyail Ao we Shujic Nakamura wisu3sm
Nichia Chermical. et IdussaunadnialunisUssans LED ddhduiinmainad
nnthuldih LED Mhdulviadeudearsindoussnasiivies 99viliudanin LED fleansn
nanerfudun amsadiluldlusuliasadng laeldduaneeain LED dunidudaudd 2536
Jusuun dagduatnpamudniegissaaivesanaluladiwiinoudniaes ildinalulad
849 LED fmmthogresamianglume 1ainsi LED 1nldUsslemiunsvansunniubosy
wu Tuiadesdnias dyaaas1as Wihesoeus Tredyanasiien wane IWlvdyaraves
Usznas senmeunivunalvg Saluniidu wiige LCD vedlnsiwifiefioflistldiuialy
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3.2 NN999NLLUUT

3.2.1 2035kulaspaulnsaians

Fonlglulaseoulnsaaesives 18F4550 lnalulasaaulnsaiaesaznasiidnyaamuniin

ABYATUANIMNIZNTYINY Fanunsaidenldeeadaawmasnislunianisusnle dmsu

spadalamesnieluazly RC saadaiamasiniuined 8 MHz Ausesulnides 5 Tas

as

29AUTENDUVDIINTIIA ST
3.2.1.1 Power-on Reset (POR)

VDD VDD

.f_”:D

R1
Arp—1 MCLR

C PIC18FXXXX

53] wea

JUN 3.3 sUuane995ludnues Power-on Reset (POR)
kg <l at v = dv
Lazdeslylaloniielunis Discharge FaiuUsysunsaasaiionaanisalnide
2. R < 40 ke asviliuiladn ilsussauanasszviligunsaldnavihnusslule

o [ ) p o
3.R1 = 1k agmmnuanszuansivaluds MCLR anpdaiiuussansuen lunsdli

Wosm MCLR/Vpp iAanswanaeiifesainiin Electrostatic Discharge (ESD) %58

Electrical Overstress (EQS)
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Qs

3.2.1.2 msifenAsivdszadmsunsdnea ooadiamnes

Gyl 0SC1 ~
b , [
T P

o Intemal
O XTAL 1< petd) Logic
[ e | Sleep
caolt 0sC2 PIC18FXXXX

UM 3.4 3UnanI9svDt0RaRIaLnes

= o -
Rf azLUaEJulUmm‘hmmmima'\umaﬁaaamama{

15199 3.1 uananisiienldradniulsey

Typical Capacitor Values
Crystal Tested:
Osc Type Freq
c1 c2
XT 4 MHz 27 pF 27 pF
HS 4 MHz 27 pF 27-pF
8 MHz 22 pF 22 pF
20 MHz 15 pF 15 pF

1LAvfuusyBannavilesatianesisdinannalesuinfuurarlinainishusuiuuy
= ¥ ° s i o = ) Y]
2. elWidgsdinisviuaanda 3 V sutufiaziieald HS mode

3.2.1.3 M5 SPI Port

msldlulasneulnsaiaes vhnsdeioyedeszuy  SPl ldwesnlasndunguas 8 bit
UBNINTE 95des Mmusedyanuniing veeniinesn Sl doyauuraunntu nsdaansiv
MCP3204 / 3208gUnsal 1ahidndudes ldtaya wla dygrouuniing Tnemsds gud rewdn
Busiu feghatu Ul 3.2.1-3 wandlitfiudn MCP3204 / 3208 annsn Wewsia Tugs MCU Ay
g15aua3 Tuandlu Tnua SPI 0,0 lusiusn 7idslussA / D converter & qué 5 # thnsudmFudu

o 1o aa v ¢ a o | o 1o
vimsdsdnuay 2 byte T3dldlevinm 12 Seazey Tushumisiivn Dout lu MCU
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E‘Uﬁ 3.5 SPI Communication using 8-bit segments(Mode 0,0: SCLK idles low).

A1999 3.2 nsleaulunistimundesdmyao

CONTROL BIT

AFLEE T IHPUT CHANNEL

SWGLE | D2 | 0f | oo | CONFIGURATION | SELECTION

DIFF .

1 0 | 0| O |singleended |CHO
1 0 | 0| 1 |singleended |CH1
1 0 1 | O |singleended |CH2
1 0 |1 | 1 |singleended |CH3
1 1 0 | 0 |singleended  |CH4
1 | 0 | 1 |singleended |CHS
1 1) 1| O |single ended |CHG
1 1 |71 [ 1 [single ended [CH7

0 0 | 0| O |differential CHO = IN+

CH1 = IN-

] 0 0 1| differential CHO =IN-

CH1 =IN+

o] 0 | 1 | O |differential CH2 =N+

CH3 = IN-

a 0| 1 |1 |differential CH2 =IN-

| CH3 = IN+

0 1 0 | O |differential CH4 = IN+

CH5 = IN-

0 1 0 | 1 |differential CH4 =IN-

CH5 =IN+

1] 1 1 | O |differential CHE = IN+

CH7 =IN-

0 1 1| 1 |diferential CHBE = IN-

CH7 = IN+
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3.3 nssBeuluswnsy

3.3.1. BudunnmaSenlng ieusenalndadeddlulusunsy 1wy #include
"MONITORING.h"

3.3.2. AvuaRLUsIUNSIEU Wi float data;

3.3.3. imuavigunsaliduanduwm wiwn Wy TRISBbits. TRISB4 = 0; // set port Tx

3.3.4. Msivuamdan1sideuuuee LCD wu unsigned char config=0xFF; config =
FOUR_BIT & LINES_5X7; OpenXLCD( config);

3.3.5. Mafmuadan1sldan Software UART (i OpenUART();

3.3.6. M3t muasdansldnuntsinsedadiswae.SPl 1wy OpenSPISPIFOSC_16,
MODE_00, SMPEND); //OpenSPI Fosc/16; Mode-0,0;SMPEND

3.3.6.1 Mm3\den Channet lumsfinstedes1siae SPI iy SPI_CS = 0; //assert chip

select
byte write(0x6); //msiden Input Configuration WUy Single-ended
Delay1KTCYx(1 )
byte write(0x0); /- m3iaen CHO Tunissulasdstaya

DelaylKTCYx( 1);
3.3.7 Mawasulargiuaes i iuauguduioudnsua 1y data = (float)
(ADCResult*5.0/4095.0)*8.0;

3.3.8.015LAMINAUUAD LCD 19U

putrsXLCD("Voltagel="); //Display "Voltage" on the screen
putsXLCD(Buffer1); //Display the Voltage-on the screen
SetDDRamAddr(64);

3.3.9. NMIHAAINAUNADNTILADS 10U printf'GROUP1 Voltage = %fAn\r" data);
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3.5 MNBUUINADIUINT IHRITIULUDIA
3.4.1 ynmsvaaasluduiedu Woulusunsuvnlyivaenly LED nsefiu
3.4.2 wdntuhmsdoulusunsuitelies LCD uanadaniunudd
3.4.3 ¥nseediuvensiladyyraouasniduiineaeliuansen
usaulwinivale
3.4.4 inmseeludinvonsasinnssua Tnsmslouduws tegrusediu
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Power on reset

lnlulasroulnsaaesdanusilnviaunazde sunsyaumuaiaddlonaaing

Lulnsmeulnsamesasngavirnu uandelinnadndlulasroulnsaiaesasyiu

RC4/D-VM
RC5/D+NP
RCB/TX/CK
RC7/RX/DT/SDO

RDO/SPPO
RD1/SPP1
RD2/SPP2
RD3/SPP3
RD4/SPP4
RDS5/SPP5/P1B —
RD6/SPP6/PAC [—
RD7/SPP7/P1D

REQ/ANS/CK1SPP
RE1/ANG/CK2SPP,
RE2/ANT/QOESPP
RE3/MCLR/VPP |

Crystal Oscillator

a o o °
LN Waldlunisihaululvuanisinau sel

tv)

illulasreulnsaiaesildny

U1
._‘ﬁ..%.... RAO/ANO
= FRA1/ANI
S, —4 | RA2IAN2VREF-ICVREF
[ : —— RAJ/AN3/VREF+
] I —2—{ RA4/TOCKIIC10UT/RCV
220F X1 —— RAS/AN4/SS/LVDINIC20UT
3 |:| 13| RAB/OSC2/CLKO
- CRYSFAE OSC1/CLKI
- B l * 'sgil gi RBO/ANA2/INTO/FLTO/SDI/S
22pF ¢ 55— RBUAN10INT1/SCKISCL

E‘Uﬁ 4.2 Crystal Oscillator
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Current Transformer

Tonsouvasnsenadusiinmuniesdnguaznszwawa luiiluluswnsy Proteus 8

Prefessional@alditu fadumuusueildwny

gﬂﬁ 4.3 Current Transformer

8-Channel 12-bit Analog to Digital Converter with SPI

= . | e v £ <] i as
fin1sdaveyauuy SPH Al sunuliaudasnsskalumemannuaz wasdiyginann

Arautaaniliufinea edsludilulasnaulnsaaasaalil

U2
- &
o—cc'"'z,—l CHE cL% %S%QO
—=— CHY DIN [
CHZI S W2 S04
2 A I DOUT L—
SATZ |CH?  CSISHON
T
n B e L
OHE 7 1t
e e e
—— C4 CHY § &
s - e I
12002 =
= e R
= AGND
e IMCP3236

5U# 4.48-Channel 12-bit Analog to Digital Converter with SPI



SPI Debugger

k2 at

nsAsIvaeUANgNRBsdmTuTeyaTdleyaLar Tuteya

v

&—————1 DIN

& SCKE DOUT
n [ e SCK
cs m e
‘.---------;?E-- E;E;
R8 — TRIG

fg‘lJﬁ 4.5 SP| Debugger

SP! Debug + Menitor made - SISPI DEBUGGER#0013 ;

1.37cus S5 Tnactive
1.140 s S Acmive
eeddd o L.160 3 00 OCBE
140 » P
116078 S Tna
-410 & 8§ Active

-
=

21410811021 L08141021 1024402140410

3 1.410 s 1.430°2 DO.0C B8
" 1410 » 1439 8| 0643 00
1/430 = S5 Inactive

1.480 s S5 Acvive
* 1.480 1.500. s (0008 =T
| 1 1.300%s 08 20 00
1.5 ES Inactive
1.8 SE Active
1. 1.570 3D 03 238
1

1,570, 8 ‘06 Co GO
§5 Insctive
S8 Aetive
1.640 5 D9 0B E¢
1§40 07 00 G0
$§ Inactive i
|

S8 Active
1.981 & 0 03
151 & 07,4000

8§ Inactive |

S8 Active |
1.721 809,05 %A |
1.780.._ 07 30 30 |

R L R e

I

|

I 1.781 S8 Inactive

| B3l 3 55 Active

I & B3l 1.851 5 00 04 CD
| B3 831 1,851 s 07 CO Q0

1.881 5 S§ Inactive

o

3Uﬁ4.6magan1‘sﬁmas%’uwm SPI Channel 0 - 7
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Oscilloscope

N13M3I9aRUATYRMBY Chip Select (CS), Serial Clock (SCK),Serial Data Input (Din)

way Serial Data-Output (SDO)

;;Uﬁd.TOsciLloscope

Digital Oscillascope

. Changpeld £

U 4.8msdauaz3udoyariaurChannel 0-7unu x 11 (30ms/DVIuny y usssiului

(5V/DIV)
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N1SLLERAYNAUUID LCD Module ﬁ Channel 0 - Channel 7

ausauansualiegregnisnliawisuiisuiun1sld Volt Meter lunisinuuniiouuas

ﬂisLLa’Lugﬂﬁ 4.3

Uoltadel= 3.851 Uoltade3= 1,851
Uoltade2= 2.108 UoltaJed= 1,108
8 pE. mammanEs 83% g%, sansasss
HEIRL i

J| RV .| RVI

of °r]

.EF' ol:"

sUT 4.9-4,105Ulamssa simulation Y99 LCD module

VR

Woltades=r 1. 501,
ﬁ égm 85883886
TR |

gﬂ‘ﬁ' 4.11-4.12 JUuaana simulation vua® LCD module



2995N9KUATUN5 1Y Simulation Tuluswnsy Proteus 8 Prefessional

Lcot

L
Ul
Uoltadel= RACIAND ACOTIOBOTICK:

RACANY RouTioBkcr UTE
RCITCRLPIA

3
Uoltad9el= 2.

RAJANINRES-CVREF
RAL AN ARE

RALTTE LTI DUTACY
RALANSBRANDINGIOUT

RAQCRCI LMD
st c.
= mecan1zNTORLTEACIEDA
AN ZINT BCRBOL
93 ANDINTZNIO
REIANICTRIVED
- RELIANT MBS ETERR
RBAKE1 PO RCLEPEG TR
o™ R4 81235 ADEAPRERD 1
RET¥IIPGT ADT@RET AT
LI T} REJANEINIIPP
RE'ANGSKISPE
RETANT,
L] AELUECR VPR
CCE T E]

33K

Bl

31.]1‘!‘1 4.137333 Simulation
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MICROCONTROLLER

MCLRVPP?RE}
RACANC

RALANI

FA2 ANIVREF- CVREF
FRA3 ANIVREF-

RAL4 TOCKICIOUT ROV
RASANS SSHLVDIN
REQ ANS
REL ANS CR23PP

RBTKBI3PGD
FBEKBL2PGC
RBIKBILPGM
RBHANIIKBIO/CIPR

g‘dﬁ 4.14 149935 Microcontroller

P "B WD LT )

LA D (Veltagsl) |
P T YT T
« A D{Current!

A D{veltazed)

e LRl

prane, W 4
_AD (Corrent2) )

< AD (Volrage3)
S O N

7 AD (Corrant3)
" AD (Veltaged)

e

r——
v AD (Corrantd) |

R -

[

vaw, — B2

16

A/D CON\{:ERTOR

VDD

2 o
3 Pegs o~ BE TR
o DOUT ft B0

X% B | 7300
1 ems o 2
: DGND, [

L T1[E 2

& 56D

=

li

E‘Uﬁ 4,15 21935 A/D Convertor



REGULATOR

.

< Vin

Lo RJ' —
LA

W

Vin

GND

Vout

—-— %

LM235735-3 Medolz

3.3v
1
3y 1 E
- - Vin
2 | GND
T 4 -—
Vout

gﬂﬁ 4,16 29335 Regulator

USB MODULE

Eis
i,
N

— T

| GRD
e 13008

|

]
514

Uit 4.1

7 7995USB Module
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i LCD
) i
DD
A8 3 ]
I® ¢
W
E —
DGND 5
ol
D2
D3
oD, D4
B, Ds
TP 1pe
T, g 1 Rist
VEE - —A
" Rul
2 330
il 1t
'J'?L

sU 4.18 2995 LCD Module

MEASURED CURRENT CIRCUIT

3‘017'; 4.19 2995 Measured Current

&

YURDUNITIANA

1. Aslvanunasang Power Supply Tiivlulasaeulnsalaesiielivineu

2. sawnasnelWidniudiuuee Measured Current( n13sawvagnglnainPower

Subpplytiednaasuny Solar cell 12335 Jlneld Volt meter sovuuny

wnasdngl uag Amp meter doaynsuiulragelyl
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as o

w1 @ i o o v o o
3, Yumussuannuvasdrglwiuaisng 9 enuigdavinladmuali
4. Wisuisuafeulaanilmes nunuaniuuae LCD
5. 1NHUINISILUeSe Tud1uree299s Measured Currentilu 2 ,3ua 4 UsA

ANNARIU

6. TuvinwaaslumsNITInand

1449 A/D converter C RS [
Voltage regulator

\ Current sensor
Load resistance

N N

é 5 L7 2/ 1 1 J o
UM 4.20 uanstunaunsianalpgltunasdnelnan Power Supply Wiednassunu Solar Cell
L7 U 1 v :j 1 a v v
TnonsUauuseiu Input A 9 WAlUA-connector Tudmvotaasianszua meaudeie
< - v & =t o (- o ar I
WowsaiuasauYlaBinisussanuma wavsaiu A/D iewUasdyyaewiaanidu

finea dsdyaaludililasreulvsaaas PIC18FA550 ilaUsyananalaLuanng uuaa LCD



A a = ! e ' a
N34 4.1 U'u‘ﬂﬂwﬁﬂ’ﬁ‘Wﬂﬁ@Q‘LUﬁ’JUﬁJENﬂ']'i')@ﬂ’]l,ﬁ‘ﬂﬂu

5 QRUREVIN aitfale | wWesdusmiufianain(%)
w399 Input (V)
Vi) (A V (V) I (A) V |
1.01 8.08 | -8.054 | 8.246 | -7.942 2.054 -1.391
2.03 16.24 | -2.541 [ 16.366 | -2.28 0.776 -10.255
21 16.8 | -2.162 | 16.94 | -2.014 0.833 -6.852
2 17.6 | ~1.622 | 17.738 | <1.501 0.784 -7.438
2.3 18.4 | -1.081 | 18.634 [ -0.95 1.272 -12.125
2.39 19.12 | -0 506=1"T7 100 T"=0w032 0.241 -10.527
2.48 19.841 -0.108 [ 19.936 | 0.000 0.484 -100.000
251 20.08 | 0.054 | 20.188 | 0.095 0.538 75.750
2.52 20.16 | 0.108 | 20.314 | 0.171 0.764 58.175
245 2024 | 0.162 |20.454 | 0.190 1.057 1N.167
2.54 20.32 | 0.216 | 20.468 | 0.247 0.728 14.238
B.56 204 | 0.270 | 20.608 | 0.304 1.02 12.480
2.56 20.48 | 0.324 | 20.608 | 0.361 0.625 11.308
2.5% 20.56 | 0.378 | 20.636 | 0.437 0.370 154493
2.58 20.64 | 0.432 1 20.776 | 0.608 0.659 40.600
2.59 20,72 | 0.486 | 20.888 | 0.665 0.811 36.694
3.03 24.24.1-2.864 | 24.682| 3.154 1.823 10.092
4.02 37 Pe | 8.216 | 32699 8512 1.648 3.600
5.02 40,16+ 13.621 [139.9987} 13.509 -0.403 -0.827
6.04 48.32 | 19.135.{.39.998 | 13:509 | -17.223 -29.402
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A15197 4.2 uanwwanisvaaadlagld RL 33 Touni1l0 Jas deduunasdnglni 1 ngu

A auiTale
599U Input (V) wWosldusanuRanaIn(%)
Volt meter | 98LCD
1.01 1.01 0.938 7:129
1.99 1.99 2.030 2.010
3.01 3.01 3.108 3.256
4.01 4.01 3.976 0.848
5.02 5.02 4.872 2.948
6.03 6.03 6.006 0.398
6.98 6.98 6.944 0.516
8.01 8.01 7.882 1.598
9.02 9.02 8.974 0.510
10.01 10.01 9.912 0.979
10.98 10.98 10.976 0.036
12.01 12.01 11.956 0.450
13.01 13.01 12,978 0.246
14.02 14.02 13.930 0.642
14,99 14.99 15.064 0.494

2 %;

i Seriesl

wisfidudarutinngs

O = N W B O~ 0o

1 2 3 4 5 6 7 & 9 1011 12 13 14 15

wrdu Input (V)

= v W e i ) %) ¢ ¢ a
UM 4.21 nswluaneuduiussenineusadiu Input (V) fuilefidudanuiianann(%) ved

wvasinglwi 1 ngy



AN5197 4.3 wanawanisaaadlagld RL 33 Tewsi10 Tad derfuunasdnglui 1 nqu

' o o
WSIAU Input (V) mssuaiinls wWasifunnuRanaIn(%)
Amp Meter | a8LCD
1.01 0.02 0.000 100.000
1.99 0.05 0.038 2.010
3.01 0.08 0.076 -5.000
4.01 0.11 0.095 0.848
5.02 0.14 0.095 32.143
6.03 0.17 0.152 0.398
6.98 0.2 0.152 24.000
8.01 0.23 0.152 1.598
9.02 0.26 0.190 26.923
10.01 0.29 0.190 0.979
10.98 0.32 0.247 22.813
12.01 0.35 0.342 0.450
13.01 0.38 0.342 10.000
14,02 0.41 0,361 0.642
14,99 0.44 0.399 9.318

(Yo

HRANSAR!

BIURAS

I
‘U

SUT 4.22 nymiuansrudiiusseinawsadu Input (V) Fuwesidudmuianain(%)

yoaunasiwlni 1 ngu

sl \/ 1

s \[ 2

123 456 7 8 9101112131415

unadu Input (V)
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A15197t 4.4 wamawanisvaaadlagld RL 33 Towi10 Fas dafuunasdnelnih 2 nqu

AT Inle (V) 5. B
= WoslWuAnURANAIN(%)
w39 Input (V) 8LCD
Volt meter
Vi Ve Vi Ve
1.02 1.02 0.868 | 0.91 14.902 10.784
2.01 2.01 1820 | 1918 9.453 a.577
2.98 2.98 2.940 | 3.080 1.342 3.356
4.01 4.01 3.780 | 4.116 5.736 2.643
502 5.02 4.858 | 4.998 3227 0.438
6.01 6.01 5978 | 5.80% Q532 2.629
6.99 6.9% 6.790 | 6.958 2.861 0.458
8.01 8.01 W10 =887z 1.248 0.150
9.01 9.01 8.904 | 8.820 1.176 2.109
9.98 9.98 10.038 | 9.870 0.581 1.102
181 11.01 11.018 | 10.962 0.073 0.436
12.02 12.02 11 80N 11 788 1.231 1.930
13.01 13.01 12,964 | 12.852 0.354 1.214
14.02 14.02 13.776 | 13.720 1.740 2.140
15.02 1502 15.05 | 15.708 0.200 : 4.581

12345

e\ ]

——\2

6 7 8 9101112131415

usasu Input (V)

U 4.23 nsminansnudiusseritenssdiu Input (V) fuiesidudnnuiianain(e)

vaauwmasIlni 2 nax
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A15199 4.5 uanananisaaedlagld RL 33 Touni1o Jad defuunasdnelvih 2 nau

y Anszuaiinle (A) Woasidurny

S Amp 98 LCD NAWAR(%)
Input (V)
Meter I l2 li I2

1.02 0.02 0.000 0.057 100.000 185.000
2.01 0.05 0.000 0.133 100.000 166.000
2.98 0.08 0.076 0.095 5.000 18.750
4.01 0.11 0.057 0.095 48.182 132.636
5.02 0.14 0.095 0.095 32.143 32,143
6.01 0.1 0.152 0.152 10.588 10.588
6.99 0.2 0.133 0.190 33.500 5.000
8.01 0.23 0.095 0.209 58.696 9.130
9.01 0.26 0.190 0.285 26.923 9.615
9,98 0.29 0.209 0.266 AT.93Y 8.276
11.01 0.32 0.209 0.304 34.688 5.000
1202 035 |- 07304 | 0382~ | 15,143 |~ 2286
13.01 0.38 Jif 3BT 08 15.000 5.000
14.02 0.41 0.361 0.418 111951 1951
15.0= 0.44 0.399 0.418 9.318 5.000

%

wefidusdatudimmans

A @ s 1 s ot 3 -
JUN 4.24 n319uan9ANEIRLSSEMINUTIRY Input (V) fuedidudanuinnain(9)

vaaunaaglwi 2 nay

200
150
100

50

1 3 § ¢ 9 11 13 15

wsady Input (V)

sl | 1

——|2
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A15199 4.6 wansRan sneaainrwsasulaeldRL 33 Tauyil0 Im

¢ e

# faNuULa

o,

h " § %y 4
R . L i

12345678 9101112131415

usadu Input (V)

V3

AussFuATAls (V) P
. WosiwuaAuRanan(%)
WSIAU Input (V) 9LCD
Volt meter
Vl V2 V3 Vl VZ V3
0.98 0.98 1.008 | 0.952 | 0.980 | 2.857 | 0.833 | 0.000
2.01 2.01 1.918 | 1.876 | 1.806 | 4577 | 0.213 | 0.221
3.02 3.02 2968 | 2772 | 2800 | 1.722 | 0.288 | 0.356
4,01 4.01 4,032 | 3.710 | 3.794 | 0549 | 0.000 | 0.158
5.02 5.02 4.760 | 4.928 | 4.676 | 5.179 | 0.041 0.085
6.01 6.01 5698 | 5.726 | 5922+ 5.191 | 0.070 | 0.135
7.02 7.02 6.706 | 6916 | 6874 | 4.473 | 0.058 | 0.087
7.98 798 8.036 | 7.686 | 8.008 | 0.702 | 0.052 | 0.025
9.01 Q.05 9.156 | 9.044 | 8778 | 1.620 | 0.066 | 0.023
10.02 10.02 9,674 9240 1 9,674 3.453. | 0.108 | 0.062
11.02 1{~E= 10.934 | 10.920 | 10.934 | 0.780 0.091 0.055
12.01 12.01 11.858 [11.858 | 11.578 | 1.266 | 0.101 0.104
12.99 12.99 12,950 |1'12.852 | 12.670 | 0.308 | 0.062 | 0.000
14.01 14.01 14,042 | 13,776 | 13,706 0.228 | 0,029 | 0.029
15.02 15.02 15.050 | 14.448 | 15.050 | 0.200 | 0.014 /| 0.066
) &
€ 4
SN ~a=V1

JUN 4.25 n3muaninuduiusseninausadiu Input (V) fulasidudnauiianain )

vaunaselni 3 ngu
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AN5190 4.7 uanawanisvnansinAnssualasld RL 33 Toun10 dnd dofuunasdnelii 3ndu

waiidudrns

1234567 8 9101112131415

usaiu Input (V)

Anszuantialéi (A) .
. WasiEunAURANAA(%)
399U Input (V) 390 LCD
Amp Meter
‘l |2 |3 |1 |2 |3

0.98 0.02 0.019 | 0.057 | 0.000 | 5.000 | 5.000 | wimlila
2.01 0.05 0.019 | 0.190 | 0.190 | 62.000 | 5.000 5.000
3.02 0.08 0.095 | 0.095 | 0.095 | 18.750 | 13.636 5.000
4.01 0.11 0.095 | 0.095 | 0.095 | 13.636 | 5.000 13.636
5.02 0.14 0.095 | 0.209 | 0.095 | 32.143 | 0.476 5.000
6.01 0.17 0.19 | 0.152 | 0:190 | 11.765 | 5.000 5.000
T2 0.2 0.095 | 0.209/].0.209 | 52.500| 0.476 0.476
7.98 0.23 0.209 | 0.266 | 0.266-| 9.130 | 1.481 1.481
9.01 0.26 0:304 | 0.304 | 0.304 | 16.923 | 1.935 1.935
10.02 0.29 0.209 | 0.342 | 0.209 | 27.931 { .5.000 0.476
11.02 a2 0.209 | 0.228 | 0.266 | 34.688 | 0.870 1.481
12.01 0.35 0.209 | 0.304 | 0.304 | 40.286 | 5.000 5.000
12,99 0.38 0.266 | 0.209 | 0.399 | 30.000 | 0.476 2.683
14.01 0.41 0.266 | 0.399 | 0.304 | 35.122 | 2.683 5.000
15.02 0.44 | 0,342 | 0.418 1 0.304 [22.273 | 0.476 5.000

_~80

X

rt_ 60

g N Lo

20
e |2

= LR A I L s L4 (3 =
U7 4.26 nsmluansruduiussevinaussiu Input (V) Audaiidudauiamnana (%)

Yoaunastelvih 3 nqu
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EJ o/ 1 L o L3 a 3 1 o 1 1 U
A15747 4.8 uanman veassinAussulagld RL 33 Teni10 Tod defuuwndsdnglui angu

wsad Input (V)

y AusauaiTale (v) Ce .
LSIAU WosiguaauRanaIn(%)
Volt aLCD
Input (V)
meter Vi Ve Vs Va Vi V2 Vs Va

0.99 0.99 0.924 | 0.980 | 0.742 1.463 | 0.645 | 1.01 | 20.215 | 49.286
2.01 2.01 1.918 1.946 1.960 2641 | 0.104 | 3.184 | 2.083 | 35.436
3.02 3.02 2800 | 2.800 | 2.038 | 4.161 | 0.356 | 7.285 | 8.114 | 48.607
4.01 4.01 399 3.752 3.738 | 5.301 | 0.000 | 6.434 | 6.316 | 40.984
4.98 4.98 4.760 | 4.956 4998 | 6.669 | 0.000 | 0.482 | 5.000 | 24.456
6.01 6.01 5.768 5.698 5.880 8.056 | 0.035 | 5.191 | 1.906 | 41.333
.01 7.01 7.154 | 6.748 | 6.706 | 9.120 | 0.084 | 3.738 | 6.341 | 35.111
7.99 7.99 7.728 7.644 7.868 | 10.374 | 0.026 | 4.330 | 1.785 | 35.608
9.02 9.02 8.694 |-8.652 | 9.044 | 11647 | 0.069 | 408 | 3,954 | 34.492
10.01 10.01 9.7027 9.590 9590 |13.319 | 0.082 | 4.196 | 1.236 38.74
11.02 11.02 110934 | 10.920 | 10.920 | 14.839 | 0.055 | 0.907 | 0.183 | 35.764
12.01 12.01+('11.844 | 12.082 | 12.488 15.808 | 0.051 ] 0.600-| -5.384 | 30.753
13.02 13.02 | 12.558 | 12.810 | 13.006 | 17.537 | 0.095 | 1.613 | 3.469 | 36.794
14.01 14.01 | 14.056 13.706 13,706 | 18.924 [70.028" 2.170 |[2.518 | 38.031
15 15 14.434 | 14.406 | 14.840 | 19.513 | 0.090 | 3.960 | 2.720 | 35.413

\, ¥

S

, O “o—V1

5 A V2

T 0 N e R V3

h 12234567 89 WIRBIMIE e

A al o ¢ 1 a s & & )
JUT 4.27 nsmluansmuduiussewinaussiu Input (V) Audasidusauiianain(o)

oAl 4 ngu
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M19199 4.9 uanananimeaeinanszualasld RL 33 Towni10 Tnd dofiuuwasanalvin dngu

ANTTLANIALA (A)

< v o g ] 9 Y a
UM 4.28 nsmuansauduiussEnIus el Input (V) funasidusainulanain(%)

YoumaIT el 4 ngu

waasie Input (V)

WSIPU WasiduaauRanaIn(%)
Amp 99 LCD
Input (V)
Meter Iy 73 B la s 2 I3 la
0.99 0.02 | 0.000 | 0.095 | 0.095 | 0.095 | 100.000 | 89.785 | 89.785 | 89.785
201 0.05 | 0.000 | 0.190 | 0.190 | 0.000 | 100.000 | 90.104 | 90.104 | 100.000
3.02 0.08 | 0.057 | 0.095 | 0.095 | 0.152 | 28.750 | 96.619 | 96.619 | 94.591
4.01 .11 0.095 | 0.095 | 0.095 | 0.152 | 13.636 | 97.619 | 97.619 | 96.190
4.98 0.14 | 0.095 | 0.152 | 0.095 | 0.076 | 32.143 | 96.807 | 98.004 | 98.403
6.01 0.17 | 0.190 [ 0.20910.190 | 0.209 |-11.765 | 96.378 | 96.707 | 96.378
7.01 0.2 0.152 | 0.209 | 0.152 | 0.209 | 24.000 | 97.081 | 97.877 | 97.081
7.99 0.23 1 0.190 [ 0.209 | 0.209 | 0.209 | 17.391 | 97.296 | 97.296 | 97.296
9.02 0.26 | 0.152 | 0.209 | 0.209 | 0.304 | 41.538 | 97.598 | 97.598 | 96.506
10.01 0.29 | 0209 | 0.30410.209 | 0.285 | 27.931 | 96.869 | 97.848 | 97.065
11.02 0.32 1 0.209 | 0.209 | 0.304 | 0.361 | 34.688 | 98.09 | 97.221 | 96.700
12.01 0.35 1.0304 [10.361 {0.323 1 0.399 | 13.143 [ 96.954 | 97.274 | 96.633
13.02 0.38 | 0.209 | 0.304 | 0.304 | 0.399 | 45.000 | 97.582 |97.582 | 96.826
14.01 0.41 10.209 | 0.304 | 0.304 | 0.399 | 49.024 | 97.838 | 97.838 | 97.162
15 044 | 0.266 | 0.323 1 0.399 | 0.304 | 39.545 [ 97.764 | 97.238 | 97.896
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MICROCHIP PIC18F2455/2550/4455/4550

28/40/44-Pin High-Performance, Enhanced Flash USB
Microcontrollers with nanoWatt Technology

Universal Serial Bus Features: Peripheral Highlights:
* USB V2.0 Compliant * High-current sink/source 25 mA/25 mA
e Low Speed (1.5 Mb/S) and Full SDGEd (12 Mb/S) * Three external interrupts
* Supports Control, Interrupt, Isochronous and Bulk * Four Timer modules (Timer0 to Timer3)
Transfers * Up to 2 Capture/Compare/PWM (CCP) modules:
* Supports up to 32 endpoints (16 bidirectional) - Capture is 16-bit, max. resolution 6.25 ns (TcY/16)
* 1-Kbyte dual access RAM for USB - Compare is 16-bit, max. resolution 100 ns (Tcy)
* On-chip USB transceiver with on-chip voltage - PWM output: PWM resolution is 1 to 10-bit
regulator * Enhanced Capture/Compare/PWM (ECCP) module:
* Interface for off-chip USB transceiver - Multiple output modes
* Streaming Parallel Port (SPP) for USB streaming - Selectable polarity

transfers (40/44-pin devices only) - Programmable dead time

- Auto-Shutdown and Auto-Restart

Power-Managed Modes: + Enhanced USART module:

* Run: CPU on, peripherals on - LIN bus support

* Idle: CPU off, peripherals on * Master Synchronous Serial Port (MSSP) module

* Sleep: CPU off, peripherals off supporting 3-wire SPI™ (all 4 modes) and 12C™

* ldie mode currents down to 5.8 1A typical Master and Slave modes

* Sleep mode currents down to 0.1 pA typical * 10-bit, up to. 13-channels Analog-to-Digital Converter
* Timer1 oscillator: 1.1 pA typical, 32 kHz, 2V module (A/D) with programmable acquisition time

* Watchdog Timer: 2.1 pA typical * Dual analog comparators with input multiplexing

* Two-Speed Oscillator Start-up : L
Special Microcontroller Features:

Flexible Oscillator Structure: ¢ C compiler optimized architecture with optional

* Four Crystal modes including High Precision PLL extended instruction set
for USB * 100,000 erase/write ¢ycle Enhanced Flash
* Two External Clock modes, up to 48 MHz program memory typical
¢ Internal oscillator block: * 1,000,000 erase/write cycle Data EEPROM
- 8 user-selectable frequencies, from memory typical
31 kHz to 8 MHz * Flash/Data EEPROM Retention: > 40 years
- User-tunable to compensate for frequency drift ¢ Self-programmable under software control
* Secondary oscillator using Timer1 @ 32 kHz * Priority levels for interrupts
* Dual oscillator options allow microcontroller and * 8 x 8 Single-Cycle Hardware Multiplier
USB module to run at different clock speeds * Extended Watchdog Timer (WDT):
* Fail-Safe Clock Monitor - Programmable period from 41 ms to 131s
- Allows for safe shutdown if any clock stops * Programmable Code Protection

* Single-Supply 5V In-Circuit Serial
Programming™ (ICSP™) via two pins
* In-Circuit Debug (ICD) via two pins
* Optional dedicated ICD/ICSP port (44-pin devices only)
* Wide operating voltage range (2.0V to 5.5V)

Program Memory Data Memory MSSP E g
, 10-bit |CCP/ECCP < | B | Timers
Device | Flash |# Single-Word| SRAM | EEPROM | VO AD (ch)| (Pwm) | SPP spmw (Master| & | & | g6 15
(bytes)| Instructions | (bytes) | (bytes) -
(&)
PIC18F2455 24K 12288 2048 | 256 | 24 | 10 2/0 No Y Y 1= 173
PIC18F2550| 32K 16384 2048 | 256 | 24 [ 10 2/0 No ¥ Y T 1/3
PIC18F4455| 24K 12288 2048 | 256 | 35 | 13 11 Yes ¥ Y i [ 1/3
PIC18F4550| 32K 16384 2048 | 256 | 35 | 13 11 Yes Y Y 1|2 1/3

b R R R B e K G R R s |

© 2004 Microchip Technology Inc. Prelimina ry DS39632B-page 1



PIC18F2455/2550/4455/4550

Pin Diagrams

28-Pin PDIP, SOIC

MCLRNPrRES— (151 7 28[ = RB7/KBIPGD
RA0/AND =[] 2 27[J=— RB&/KBIZ/PGC
RA1/ANT ~— [ 3 26[ 1= RBS5/KBI1/PGM
RA2/AN2/VREF-/CVREF =—= [ 4 25/ J=— RB4/AN11/KBIO
RA3/AN3NVRer+ =~ ] 5 na 2a[ === RBa/ANg/CCP2(NVPO
RA4/TOCKI/C1OUT/RCV =[] 6 3B 23[ 1= RB2/ANS/INT2VMO
RAS/AN4/SS/HLVDIN/C20UT =[] 7 b 22[ 1= RB1/AN10/INT1/SCK/SCL
vss—[] 8 - 21 = RBO/AN12/INTO/FLTO/SDI/SDA
oscicLki—= ] 9 oo 20[J~— Voo
0SC2/CLKO/RAE =— []10 Ll 19[J=— vss
RCO/T1080/T13CKI =— [] 11 18[ == RC7/RX/DT/SDO
RC1/T10SIICCP2NUOE=— 12 17 = RC6/TX/CK
RC2/cCP1=—[]13 16[ == RC5/MD+/\VP
Vuss=—=[]14 15[ == RC4/D-VM

40-Pin PDIP
MCLR/MPp/RE3 —= [] 1 X 40 {J =—-= RB7/KBI3/PGD
RAOANO =] 2 39 [ =—— RBB/KBIZIPGC
RA1/ANT —=—[] 3 38 [J =—= RBS/KBI1/PGM
RA2/AN2NVREF-/CVREF =—» [] 4 37 [1 =— RB4/AN11/KBIO/CSSPP
RAS/ANS/VREF+ =—w[] 5 36 [J =—= RB3/AN9/CCP2MvPO
RA4/TOCKI/CIOUT/RCY. =[] 6 35 [] =—»~ AB2/ANSANT2/VMO
RAS/AN4/SS/HLVDIN/C20UT ~—»[] 7 34 [J =——= RB1/AN10/INT1/SCK/SGL
REO/ANS/CK1SPP -—[1] 8 R N 33 [ =——= RBO/AN12/INTO/FLTO/SDI/SDA
RE1/AN6/CK2SPP =—=[] 9 At 12 32 [J =-—— Voo
RE2/AN7/QESPP <—[] 10 Fry 31 [0 =———Vss
VoD, —— ] 11 0 © 30 [ =— RD7/SPP7/P1D
Vss .12 55 29 [J =— RDB/SPPE/P1C
OSC1/CLKI ——] 13 e 28 [] ~—» RD5/SPP5/P1B
OSC2/CLKOMRAB «——] 14 27 [ «——= RD4/SPP4
RCO/T10SO/T13CKI =——[] 15 26 [J =——= RC7/RX/DT/SDO
RC1/T1081/CCP2UCE -— ] 16 25 [] =——= RCB/TX/CK
RC2/CCP1/P1A =—[] 97 24 [J =—= RC5/D+/VP
Vuse —=——[] 18 23 [] «=— RC4/D-/VM
RDO/SPPO =] 19 22 [1 =—— RDA3/SPP3
RD1/SPP1 =[] 20 21 [1 =— RD2/SPP2

Note 1:  RB3 is the alternate pin for CCP2 multiplexing.

DS39632B-page 2 Preliminary ® 2004 Microchip Technology Inc.




PIC18F2455/2550/4455/4550

Pin Diagrams (Continued)

]
o
2
T
44-Pin TQFP Eg%
5&Z0a-o =g £
(&} o
g%%&&&& 509
QQUBHS OLG
IRF SA-S Bq~=
000D A3000
CrCOCOCCCc>ScrTzZ
32959385883 o
RC7/RX/DT/SDO ~— 10 33T =— NC/ACRST®/1CVpp(2)
RD4/SPP4 - 2 3200 =—= RCO/T10SO/T13CKI
RD5/SPP5/P1B ~—m 3 31— 0SC2/CLKO/RAG
RDE/SPP6/P1C ~—» 4 30O =— OSC1/CLKI
RD7/SPP7/P1D ——» 5 PIC18F4455 29[0T -— vgs
vss T=CTH6  pIC18F4550  28fT0 +— Voo
Voo == 7 27 < RE2/AN7/QOESPP
RBO/AN12/INTO/FLTO/SDI/SDA +—* 8 2617 =—= RE1/ANG/CK2SPP
RB1/AN10/INT1/SCK/SCL ~— 9 25T =—= REQ/AN5/CK1SPP
HB2IAN8.~'IN'IE12NMO i 10 24T =—= RA5/AN4/SS/HLVDIN/C20UT
RB3/AN9/CCP2)WPQ <+ 11“! Cyverwoos cNu23:D:J<—b RA4/TOCKI/C10UT/RCV
S8 LS0OOMO - w4+
S8ePPPecRLl
E2858055-0%
anaggémmiz
TEORanS | £X
sesfege 52
< EYRYD
oO0Z a w
2\ o < ]
@ 2 ';_:3 8
52
o 05
44-Pin QFN Uaggggg i8a
E&35555 SErF
BI3N- e8NS E
(SRR NaRalala RASRENS)
CCCCEECSEE ¢
39958835887
RC7/RX/DT/SDO =—= |1 @ 33} —= OSC2/CLKO/RAG
RD4/SPP4 < |2 32| =— osci/cLk
RD5/SPP5/P1B -— |o J1} =g Vss
RD6/SPP6/P1C = 4 30| =—— Vss
RD7/SPP7/P1D =— |5 PIC18F4455 o MEn
Ves —= g =— Vop
Voo —= |7 PIC18F4550 <=+ RE2/AN7/OESPP
Vob — |g =—*= RE1/ANB/CK2SPP
RBO/AN12/INTO/FLTO/SDI/SDA ~—+ 9 F REO/ANSIQﬁwPP
RB1/AN10/ANT1/SCK/SCL =—» 10 ~—= RA5/AN4/SS/HLVDIN/C20UT
RB2/ANBANT2/VMO ~— |11 == RA4/TOCKI/C10OUT/RCV
NSO~ D OO~
— - pl g A
g98=98nszy
2 PaooEgLLsy
g $=983g370>
N SBEDIEELZ
Q “x’ Rl ] e
O Xpoomld 28
o Cooos
z 3z 2T
< Z =4
2 3 2
c £ o
Note 1: RB3is the alternate pin for CCP2 multiplexing.
2:  Special ICPORTS features available in select circumstances. See Section 25.9 “Special ICPORT Features (Designated
Packages Only)” for more information.

© 2004 Microchip Technology Inc.
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TO OUR VALUED CUSTOMERS

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

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

Most Current Data Sheet

To obtain the most up-to-date version of ihis data sheet, please reglster at our WorIdWIde v 'eb sute at
http://www.microchip.com : T

You can determine the version of a data sheet by examining its literature numberfound on ihe bonom outs;de corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DSSOOOO)

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds may ex:st f
devices. As device/documentation issues become known to us, we. wnll publfsnan errata sheet The errata wﬂl speclfy the 1 r
of silicon and revision of document to which:it applles *"*M .

To determine if an errata sheet exists for a particular device, please check with one f:the*folj_owmg:

* Microchip’s Worldwide Web site; http://www.microchip.com

* Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (mclude literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on-all of our products.

® 2004 Microchip Technalogy Inc. Preliminary DS39632B-page 5
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PIC18F2455/2550/4455/4550

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following devices:

= PIC18F2455
* PIC18F2550

* PIC18LF2455
= PIC18LF2550
* PIC18F4455 * PIC18LF4455
= PIC18F4550 * PIC18LF4550

This family of devices offers the advantages of all
PIC18 microcontrollers — namely, high computational
performance at an economical price — with the addition
of high endurance, Enhanced Flash program memory.
In  addition to these features, the
PIC18F2455/2550/4455/4550 family introduces design
enhancements that make these microcontrollers a log-
ical choice for many high-performance, power sensitive
applications.

1.1 New Core Features

T3:1 nanoWatt TECHNOLOGY

All of the devices in the PIC18F2455/2550/4455/4550
family incorporate a range of features that can signifi-
cantly reduce power consumption during operation.
Key items include:

* Alternate Run Modes: By clocking the controller
from the Timer1 source or the intetnal oscillator
block, power consumption during code execution
can be reduced by as much as 90%.

* Multiple Idle Modes: The controller can also run
with its CPU core disabled but the peripherals still
active. In these states, power consumption can be
reduced even further, lo as little as 4% of normal
operation requirements.

* On-the-fly Mode Switching: The
power-managed modes are invoked by user code
during operation, allowing the user to incorporate
power-saving ideas into their application’s
software design.

* Low Consumption in Key Modules: The
power requirements for both Timer1 and the
Watchdog Timer are minimized. See
Section 28.0 “Electrical Characteristics” for
values.

1.4.2 UNIVERSAL SERIAL BUS (USB)

Devices in the PIC18F2455/2550/4455/4550 family
incorporate a fully featured Universal Serial Bus
communications module that is compliant with the USB
Specification Revision 2.0. The module supports both
low-speed and full speed communication for all sup-
ported data transfer types. It also incorporates its own
en-chip transceiver and 3.3V regulator and supports
the use of external transceivers and voltage regulators.

1.1.3 MULTIPLE OSCILLATOR OPTIONS
AND FEATURES

All of the devices in the PIC18F2455/2550/4455/4550
family offer twelve different oscillator options, allowing
users a wide range of choices in developing application
hardware. These include:

* Four Crystal modes using crystals or ceramic
resonators.

* Four External Clock modes, offering the option of
using two pins (oscillator input and a divide-by-4
clock output) or one pin {oscillator input, with the
second pin reassigned as general 1/O).

* An internal oscillator block which provides an
8 MHz clock (+2% accuracy) and an INTRC
source (approximately 31 kHz, stable over
temperature and VDD), as well as a range of
6 user selectable clock frequencies, between
125 kHz to 4 MHz, for a total of 8 clock
frequencies. This option frees an oscillator pin for
use as an additional general purpose /0.

* A Phase Lock Loop (PLL) frequency multiplier,
available to both the high-speed crystal and
external oscillator modes, which allows a wide
range of clock speeds from 4 MHz to 48 MHz.

* Asynchronous dual clock operation, allowing the
USB module to run from a high-frequency
oscillator while the rest of the microcontroller is
clocked from an internal low-power oscillator,

Besides its availability as a clock source, the internal
oscillator block provides a stable reference source that
gives the family additional features for robust
operation:

* Fail-Safe Clock Monitor: This option constantly
monitors the main clock source against a
reference signal provided by the internal
oscillator. If a clock failure occurs, the controller is
switched to the internal oscillator block, allowing
for continued low-speed operation or a safe
application shutdown.

* Two-Speed Start-up: This option allows the
internal oscillator to serve as the clock source
from Power-on Reset, or wake-up from Sleep
mode, until the primary clock source is available,

© 2004 Microchip Technology Inc.
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1.2 Other Special Features

* Memory Endurance: The Enhanced Flash cells
for both program memory and data EEPROM are
rated to last for many thousands of erase/write
cycles — up to 100,000 for program memory and
1,000,000 for EEPROM. Data retention without
refresh is conservatively estimated to be greater
than 40 years.

» Self-Programmability: These devices can write
to their own program memory spaces under
internal software control. By using a bootloader
routine, located in the protected Boot Block at the
top of program memory, it becomes possible to
create an application that can update itself in the
field.

* Extended Instruction Set: The
PIC18F2455/2550/4455/4550 family introduces
an optional extension to the PIC18 instruction set,
which adds 8 new instructions and an Indexed
Literal Offset Addressing mode. This extension,
enabled as a device configuration option, has
been specifically designed to optimize re-entrant
application code originally developed in high-level
languages such as C.

* Enhanced CCP Module: In PWM mode, this
module provides 1, 2 or 4 modulated outputs for
controlling half-bridge and full-bridge drivers.
Other features include auto-shutdown for
disabling PWM outputs on interrupt or other select
conditions and auto-restart to reactivate outputs
once the condition has cleared.

* Enhanced Addressable USART: This serial
communication module is capable of standard
RS-232 operation and provides support for the LIN
bus protocol. Other enhancements include
Automatic Baud Rate Detection and a 16-bit Baud
Rate Generator for improved resolution. When the
microcontroller is using the internal oscillator
block, the EUSART provides stable operation for
applications that talk to the outside world without
using an external crystal (or its accompanying
power requirement).

* 10-bit A/D Converter: This module incorporates
programmable acquisition time, allowing for a
channel to be selected and a conversion to be
initiated, without waiting for a sampling peried and
thus, reducing code overhead.

* Dedicated ICD/ICSP Port: These devices
introduce the use of debugger and programming
pins that are not multiplexed with other micro-
controller features. Offered as an option in select
packages, this feature allows users to develop I/0
intensive applications while retaining the ability to
program and debug in the circuit.

1.3 Details on Individual Family
Members

Devices in the PIC18F2455/2550/4455/4550 family are
available in 28-pin and 40/44-pin packages. Block
diagrams for the two groups are shown in Figure 1-1
and Figure 1-2.

The devices are differentiated from each other in six
ways:

1. Flash program memory (24 Kbytes for
PIC18FX455 devices, 32 Kbytes for
PIC18FX550).

2. A/D channels (10 for 28-pin devices, 13 for
40/44-pin devices).

3. 1/O ports (3 bidirectional ports and 1 input only
port on 28-pin devices, 5 bidirectional ports on
40/44-pin devices).

4. CCP and Enhanced CCP implementation
(28-pin devices have 2 standard CCP modules,
40/44-pin devices have one standard CCP
module and one ECCP module).

5. Streaming Parallel Port (present only on
40/44-pin devices).

All other features for devices in this family are identical.
These are summarized in Table 1-1.

The pinouts for all devices are listed in Table 1-2 and
Table 1-3.

Like all Microchip PIC18 devices, members of the
PIC18F2455/2550/4455/4550 family are available as
both standard and low-voltage devices. Standard
devices with Enhanced Flash memory, designated with
an “F”.in the part number (such as PIC18F2550),
accommodate an operating VoD range of 4.2V to 5.5V.
Low-voltage parts, designated by “LF" (such as
PIC18LF2550), function over an extended VDD range
of 2.0V to 5.5V.
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TABLE 1-1: DEVICE FEATURES
Features PIC18F2455 PIC18F2550 PIC18F4455 PIC18F4550
Operating Frequency DC - 48 MHz DC - 48 MHz DC - 48 MHz DC - 48 MHz
Program Memory (Bytes) 24576 32768 24576 32768
Program Memory (Instructions) 12288 16384 12288 16384
Data Memory (Bytes) 2048 2048 2048 2048
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 19 19 20 20
I/0O Ports Ports A, B, C, (E) | Ports A, B, C, (E) | Ports A, B,C,D,E | Ports A, B,C, D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 2 1 1
Enhanced Capture/ 0 1 1
Compare/PWM Modules
Serial Communications MSSP, MSSP, MSSP, MSSP,
Enhanced USART | Enhanced USART | Enhanced USART | Enhanced USART
Universal Serial Bus (USB) 1 1 1 1
Module
Streaming Parallel Port (SPP) No No Yes Yes
10-bit Analog-to-Digital Module 10 Input Channels | 10 Input Channels | 13 Input Channels | 13 Input Channels
Comparators 2 2 2 2
Resets (and Delays) POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow Stack Underflow | Stack Underflow Stack Underflow
(PWRT, OST), (PWRT, OST), (PWRT, OST), (PWRT, OST),
MCLR (optional), | MCLR (optional), | MCLR (optional), | MCLR (optional),
WDT WDT WDT WDT
Programmable Low-Voltage Yes Yes Yes Yes
Detect
Programmable Brown-out Reset Yes Yes Yes Yes

Instruction Set

75 Instructions;
83 with Extended
Instruction Set

75 Instructions;
83 with Extended
Instruction Set

75 Instructions;
83 with Extended
Instruction Set

75 Instructions;
83 with Extended
Instruction Set

enabled enabled enabled enabled
Packages 28-pin PDIP 28-pin PDIP 40-pin PDIP 40-pin PDIP
28-pin SOIC 28-pin SOIC 44-pin QFN 44-pin QFN
44-pin TQFP 44-pin TQFP

© 2004 Microchip Technology Inc.
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FIGURE 1-1: PIC18F2455/2550 (28-PIN) BLOCK DIAGRAM
Data Bus<8>
Table Pointer<21> |« T ¥ PORTA
* Data Latch H RAO/ANO
s | 54 avan
Data Memory X RA2/AN2/NVREF-/CVREF
(2 Kbytes) = - RA3/AN3/VREF+
H RA4/TOCKI/C10UT/RCV
Address Latch g RAS/AN4/SSHLVDIN/C20UT
g OSC2/CLKO/RAB
Program Counter 12
Data Address<12>
[ 31lLevel Stack ]
Address Latch
Program Memory STKPTR
(24/32 Kbytes)

Data Latch

Table Latch

Address
Decode

RBS/KBI1/PGM
RB&/KBI2/PGC
RB7/KBI3/PGD

& 4

ROM Latch

Instruction Bus <16>

RBO/AN12/INTO/FLTO/SDI/SDA
g RB1/AN10/INT1/SCK/SCL
e RB2/ANS/IINT2/VMO
b - RB3/ANS/CCP2@)VPO
- RB4/AN11/KBIO

Instruction State Machine
Decode & P> Control Signals
Control
RCO/T10SO/T13CKI
RC1/T10sl/cCP2®)/UOE
0sc1@ J-»{| Internal Power-up RC2/CCP1
Osaclgt”:m Timer RC4/D-IM
o0sc2? X < Oscillator RCS/D+/VP
INTRC | ||Start-up Timer RCB/TX/CK
T10s1 [XJ—»|_Oscillator Power-on RCT/RX/DT/SDO
8 MHz Reset
|| Oscillat Walichdog
T10s80 [X}- scillator alsnd
WeR® [X—#| |Single-Supply Brown-out
Programming Reset
In-Circuit Fail-Safe
Voo, Vss [} Debugger Clock Monitor
PORTE
wss  Je—t—>b USE Voltage Band Gap
Regulator Reference
1ed <] MCLRA/Pr/RESM

BOR Data
HLYD EEPROM Timer0 Timer1 Timer2 Timer3

I, O S, o~ =

* ‘5’ “' v v v v
Comparator] coP1 ccPz MsSP EUSART eyt USB

Note 1:  RE3 is multiplexed with MCLR and is only available when the MCLR Resets are disabled.

2: OSC1/CLKI and OSC2/CLKO are only available in selec! oscillator modes and when these pins are not being used as digital I/0. Refer
to Section 2.0 “Oscillator Configurations” lor additional information.

3: RB3is the alternate pin for CCP2 multiplexing

DS39632B-page 10 Preliminary © 2004 Microchip Techneology Inc.
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FIGURE 1-2; PIC18F4455/4550 (40/44-PIN) BLOCK DIAGRAM
Data Bus<8>
Table Pointer<21> | [« * PORTA
RAO/ANO
- - q Data Latch H RAT/AN1
naiaet logle - H—= [X] RAZ/AN2/VREF-/CVREF
32 po PO - - RA3/AN3/VREF+
1 Khytes) v RA4/TOCKI/C10UT/RCV
FT— H RAS/AN4/SS/HLVDIN/C20UT
H—[X] 0sC2/CLKORAG
Program Counter 12
‘ Data Address<12>
y PORTB
e L% FvelBter _ ] . i,z . RBO/AN1Z/INTO/FLTO/SDISDA
ESa) P - RB1/AN10/INT1/SCK/SCL
Program Memory STKPTR ‘ FSRO I Bank RB2/ANS/INT2/VMO
(24/32 Kbytes) FSR1 ' N H RB3/ANg/CCP2)VPO
T 12 - RB4/AN11/KBIO/CSSPP
- RB5/KBI1/PGM
- RB6/KBI2/PGC
. RB7/KBI3/PGD
PORTC
ROM Latch p.| Address
Instruction Bus <16> Decode RCO/T10SO/T13CKI
RC1/T10SI/CCP2UGE
RC2/CCP1/P1A
> RC4/D-/VM
RCS5/D+/VP
RCB/TX/CK
Instruction State Machine RC7/RX/DT/SDO
Decode & H» Control Signals

Control

PRODL

‘ PORTD
Voo, Vss &4
Wik Power-up RDO/SPPO:RD4/SPP
2 [Xl—»{| Oscillator Y i : A
osct Block Timer +—=[xX] RD5/SPP5/P1B
osca® (X - | Oscilator 1 RORGPHP/R1C
. 4P| siamun Timer - RD7/SPP7/P1D
Tiosl  [X}-¥|(|_Oseilator X ¥ v 8
e [Z}——b 8 MH= Power-on
Oscillator Reset ALU<8>
Watchdog 8
IcPGe® P> [Single-Supply Tk S
|CPGDE W Progra‘mm-lng Br;:‘;l:[)m PORTE
i In-Circuit <] REO/ANS/CK1SPP
IcPORTS®P] || Debugger Fail-Safe N ¢ RE1/ANB/CK25PP
iCRST® [ Cloek Magicy Band Gap %) RE2/ANT/OESPP
=] Reference ] MCLRVPP/REZM
veRn K- USB Voltage
Regulator
Vuss E}l**ﬂ-—-"
BOR Data .
HLVD EEPROM Timer0 Timer1 Timer2 Timer3

1 T A A A Fy
* '6' v h 4 v h 4 \ 4

Comparator|  |[ECCP1 ccpz MSSPI EUSART bt uUse

Note 1:  RE3 is multiplexed with MCLR and is only available when the MCLR Resets are disabled.
2:  OSC1/CLKI and OSC2/CLKO are only available in select oscillalor modes and when these pins are not being used as digital /0. Refer
to Section 2.0 “Oscillator Configurations” for additional information.
3:  These pins are only available on 44-pin TQFP under certain conditions. Refer to Section 25.9 "Special ICPORT Features (Designated
Packages Only)” for additional information.
4: RB3is the alternate pin for CCP2 multiplexing.
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TABLE 1-2: PIC18F2455/2550 PINOUT I/0 DESCRIPTIONS
Pin
Number i
Pin Name Py | Bufler Description
PDIP, |Type| Type
SOIC
MCLR/VPP/RE3 1 Master Clear (input) or programming voltage (input).
MCLR | ST Master Clear (Reset) input. This pin is an active-low
Reset to the device.
VPP P Programming voltage input.
RE3 I ST Digital input.
OSC1/CLKI 9 Oscillator crystal or external clock input.
QOSC1 | Analog Oscillator crystal input or external clock source input.
CLKI | Analog External clock source input. Always associated with pin
function OSC1. (See OSC2/CLKO pins.)
OSC2/CLKO/RAB 10 Oscillator crystal or clock output.
0Ssc2 0] — Oscillator crystal output. Connects to crystal or resonator in
Crystal Oscillator mode.
CLKO 0 — In select modes, OSC2 pin outputs CLKO which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
RA6 110 TTL General purpose 1/O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST
O = Output

Note 1:

= Schmitt Trigger input with CMOS levels |

= Input
R = Power

Alternate assignment for CCP2 when CCP2MX configuration bit is cleared.

2:  Default assignment for CCP2 when CCP2MX configuration bit is set.
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PIC18F2455/2550/4455/4550 .

TABLE 1-2: PIC18F2455/2550 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin
Number | pin | Buffer
Pin Name Description
a PDIP, | Type | Type .
SOIC
PORTA is a bidirectional /O port.
RAO/ANO 2
RAO 1/0 TTL Digital 1/0.
ANO [ Analog Analog input 0.
RA1/AN1 3
RA1 110 TTL Digital I/0O.
AN1 | Analog Analog input 1.
RA2/AN2/VREF-/CVREF 4
RA2 I/0 TIL Digital 1/0.
AN2 | Analog Analog input 2.
VREF- | Analog A/D reference voltage (low) input.
CVREF O | Analog Analog comparator reference output.
RA3/AN3/VREF+ 5
RA3 I/0 TRL Digital I/0.
AN3 I Analog Analog input 3.
VREF+ | Analog A/D reference voltage (high) input.
RA4/TOCKI/C10OUT/RCV 6
RA4 110 ST Digital I/O.
TOCKI | S Timer0 external clock input.
C1ouT @] - Comparator 1 output,
RCV | TTL External USB transceiver RCV input.
RAS5/AN4/SS/ 7
HLVDIN/C20UT
RAS /0 114 Digital 1/O.
AN4 I | Analog Analog input 4.
S8 | TTL SPI™ slave select input.
HLVDIN I Analog High/Low-Voltage Detect input,
c20uUT (0] — Comparator 2 output.
RAG — - — See the OSC2/CLKO/RAS6 pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power

Note 1: Alternate assignment for CCP2 when CCP2MX configuration bit is cleared.
2:  Default assignment for CCP2 when CCP2MX configuration bit is set.
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TABLE 1-2: PIC18F2455/2550 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin
. Number | pin | Buffer ;o
Pin Name PDIP, | Type | Type Description
SOIC
PORTB is a bidirectional 1/0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/AN12/INTO/FLTO/ 21
SDI/SDA
RBO I/0 TIL Digital I/0.
AN12 I Analog Analog input 12.
INTO I ST External interrupt 0.
FLTO | ST PWM Fault input (CCP1 module).
SDI | ST SPI™ data in,
SDA e} ST 12C™ data I/O.
RB1/AN10/INT1/SCK/ 22
SCL
RB1 11O cgillP Digital I/O.
AN10 | Analog Analog input 10.
INTH I ST External interrupt 1.
SCK 110 ST Synchronous serial clock input/output for SPI mode.
SCL /10 ST Synchronous serial clock input/output for 12C mode.
RB2/ANS/INT2/VMO 23
RB2 11O gl = Digital I/0.
ANS I Analog Analog input 8.
INT2 | ST External interrupt 2.
VMO (=) —_ External USB transceiver VMO output.
RB3/AN9/CCP2/VPO 24
RB3 11O TTL Digital I/O.
AN9 | Analog Analog input 9,
ccpal) 170 ST Capture 2 input/Compare 2 output/PWM 2 output.
VPO (o] — External USB transceiver VPO output.
RB4/AN11/KBI0 25
RB4 110 TTU Digital /0.
AN11 | Analog Analog input 11,
KBIO | TTL Interrupt-on-change pin.
RB5/KBI1/PGM 26
RBS l{e] TTL Digital 1/O.
KBI1 | RN Interrupt-on-change pin.
PGM 110 ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI2/PGC 27
RB6 /0 FEL Digital 1/0.
KBI2 I T Interrupt-on-change pin.
PGC /0 ST In-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3/PGD 28 .
RB7 110 THE Digital 1/Q.
KBI3 | TEL Interrupt-on-change pin.
PGD le] ST In-Circuit Debugger and ICSP programming data pin.

Legend: TTL = TTL compatible input

ST = Schmitt Trigger input with CMOS levels |
O = OQutput

CMOS = CMOS compatible input or output
= Input
P = Power

Note 1: Alternate assignment for CCP2 when CCP2MX configuration bit is cleared.
2:  Default assignment for CCP2 when CCP2MX configuration bit is set.
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TABLE 1-2: PIC18F2455/2550 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin
Number | pin | Buffer o
Pin Name Description
n PDIP, |Type| Type P
SoicC
PORTC is a bidirectional I/O pori.
RCO/T10SO/T13CKI 11
RCO 110 ST Digital I/O.
T10S0 (0] - Timer1 oscillator output.
T13CKI | ST Timer1/Timer3 external clock input.
RC1/T10SI/CCP2/UOE 12
RC1 110 ST Digital /0.
T108I I CMOS Timer1 oscillator input.
ccp2@ 110 ST Capture 2 input/Compare 2 output/PWM 2 output.
UOE - e External USB transceiver OE output.
RC2/CCP1 13
RC2 /0 ST Digital I/0.
CCP1 1/0 ST Capture 1 input/Compare 1 output/PWM 1 output.
RC4/D-/VM 15
RC4 I TTL Digital input.
D- /0 —_ USB differential minus line (input/output).
VM | TTiS External USB transceiver VM input.
RC5/D+/VP 16
RC5 | TTL Digital input.
D+ /O > USB differential plus line (input/output).
VP (0] UL - External USB transceiver VP input.
RC6/TX/CK wlns
RCs8 lle} ST Digital /0.
™ 0] — EUSART asynchronous transmit.
CK 110 ST EUSART synchronous clock (see RX/DT).
RC7/RX/DT/SDO 18
RC7 i/0 ST Digital 1/0.
RX I ST EUSART asynchronous receive.
DT T} ST EUSART synchronous data (see TX/CK).
SDO 0 — SPI™ data out.
RE3 - - — See MCLR/VPP/RE3 pin.
VusBe 14 0] — Internal USB 3.3V voltage regulator.
Vss 8,19 P — Ground reference for logic and I/O pins.
VoD 20 P - Positive supply for logic and 1/O pins.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P =Power
Note 1: Alternate assignment for CCP2 when CCP2MX configuration bit is cleared.
2:  Default assignment for CCP2 when CCP2MX configuration bit is set.
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TABLE 1-3: PIC18F4455/4550 PINOUT I/0O DESCRIPTIONS
Pin Numb
Pin Name s Flw | Butfer Description
PDIP | QFN | TQFP | Type | Type
MCLR/VPP/RE3 1 18 18 Master Clear (input) or programming voltage (input).

MCLR | ST Master Clear (Reset) input. This pin is an
active-low Reset to the device.

VPP P Programming voltage input.

RE3 I ST Digital input.

OSC1/CLKI 13 32 30 Oscillator crystal or external clock input.

OSCH1 | | Analog Oscillator crystal input or external clock source input.

CLKI | Analog External clock source input. Always associated with
pin function OSC1. (See OSC2/CLKO pins.)

OSC2/CLKO/RAB 14 33 31 Oscillator crystal or clock output.

0scC2 o] — Oscillator crystal output. Connects to crystal or
resonator in Crystal Oscillator mode.

CLKO (0] — In RC mode, OSC2 pin outputs CLKO which has 1/4
the frequency of OSC1 and denotes the instruction
cycle rate.

RAB 110 TTL General purpose I/O pin.

Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels |

O  =Output
Alternate assignment for CCP2 when CCP2MX configuration bit is cleared.

Note 1:

P

=Input
= Power

2: Default assignment for CCP2 when CCP2MX configuration bit is set.

3: These pins are No Connect unless the ICPRT configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG configuration bit is cleared.
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TABLE 1-3: PIC18F4455/4550 PINOUT 1/O DESCRIPTIONS (CONTINUED)

Pin Number Pin | Buffer .
Pin Name Description
PDIP | QFN | TQFP | Type | Type i
PORTA is a bidirectional I/O port.
RAO/ANO 2 19 19
RAO /0O | TTL Digital 1/0.
ANO I |Analog| Analoginput 0.
RA1/AN1 3 20 20
RA1 11O | TTL Digital 1/0.
AN1 | |Analog| Analoginput .
RA2/AN2/VREF-/ 4 21 21
CVREF
RA2 /O | TTL Digital I/0.
AN2 I [Analog| Analoginput 2.
VREF- I |Analog| A/D reference voltage (low) input.
CVREF O [Analog| Analog comparator reference output.
RA3/AN3/VREF+ 5 22 22
RA3 /O | TTL Digital I/O.
AN3 |~ |Analog| Analoginput 3.
VREF+ I | Analog| A/D reference voltage (high) input.
RA4/TOCKI/C10UT/ 6 23 23
RCV
RA4 11O ST Digital I/0.
TOCKI | ST Timer0 external clock input.
C1ouUT 0 — Comparator 1 output.
RCV | TTL External USB transceiver RCV input.
RAS/AN4/SS/ 7 24 | 24
HLVDIN/C20UT
RAS /O | TTL Digital 1/0.
AN4 | |Analog| Analoginput 4.
SS | TTL SPI™ slave select input.
HLVDIN | |Analog [ High/Low-Voltage Detect input,
Cc20UT 0 — Comparator 2 output.
RAB — — — — — See the OSC2/CLKO/RAS pin.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O  =Output P = Power

Note 1: Alternate assignment for CCP2 when CCP2MX configuration bit is cleared.
2:  Default assignment for CCP2 when CCP2MX configuration bit is set.

3: These pins are No Connect unless the ICPRT configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPAT is set and the DEBUG configuration bit is cleared.

© 2004 Microchip Technology Inc. Pre!iminary DS39632B-page 17



PIC18F2455/2550/4455/4550

TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Name il i s Pln | Bl Description
PDIP | QFN | TQFP | Type | Type
PORTB is a bidirectional I/O port. PORTB can be
software programmed for internal weak pull-ups on all
inputs.
RBO/AN12/INTO/ 33 9 8
FLT0/SDI/SDA
RBO /O | TTL Digital I/O.
AN12 I |Analog| Analoginput12.
INTO | ST External interrupt 0.
FLTO I ST Enhanced PWM Fault input (ECCP1 module).
SDI I ST SPI™ data in.
SDA /o | ST 12C™ data I/O.
RB1/AN10/INT1/SCK/ 34 10 9
SCL
RB1 Vo | TTL Digital I/O.
AN10 I |Analog| Analoginput 10.
INT1 | ST External interrupt 1.
SCK 110 ST Synchronous serial clock input/output for SPI mode.
SCL 110 R Synchronous serial clock input/output for 12C mode.
RB2/ANB/INT2/VMO 35 11 10
RB2 11O U EL Digital 1/0.
AN8 I - |Analog| Analoginput 8.
INT2 | ST External interrupt 2.
VMO (0] — External USB transceiver VMO output.
RB3/AN9/CCP2/VPO 36 12 11
RB3 lfe] TTL Digital 1/0.
ANSG | Analog Analog input 9.
ccp2) o | ST Capture 2 input/Compare 2 output/PWM 2 output.
VPO o — External USB transceiver VPO output.
RB4/AN11/KBIO/CSSPP | 37 14 14
RB4 11O JEEL Digital 1/0.
AN11 | Analog Analog input 11.
KBIO | TTL Interrupt-on-change pin.
CSSPP o] — SPP chip select control output.
RB5/KBI1/PGM 38 15 15
RB5 WO | TTL Digital 1/0.
KBI1 | TTL Interrupt-on-change pin.
PGM /0 ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI2/PGC 39N\ {6 ¢/15
RB6 11O TTL Digital I10.
KBI2 | TIL Interrupt-on-change pin.
PGC 110 ST In-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3/PGD 40 17 W
RB7 11O SEINS Digital 1/0O.
KBI3 I Tkl Interrupt-on-change pin.
PGD le} ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power
Note 1: Alternate assignment for CCP2 when CCP2MX configuration bit is cleared.

2: Default assignment for CCP2 when CCP2MX configuration bit is set.

3: These pins are No Connect unless the ICPRT configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG configuration bit is cleared.
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TABLE 1-3: PIC18F4455/4550 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer :
Pin Name Description
PDIP | QFN | TQFP | Type | Type
PORTC is a bidirectional I/0 port.

RCO/T10SO/T13CKI 15 34 32

RCO 110 ST Digital 1/0.

T10S0 (0] —— Timer1 oscillator output.

T13CKI | ST Timer1/Timer3 external clock input.
RC1/T10SI/CCP2/ 16 35 35
UOE

RC1 110 ST Digital 1/0.

T10SI | CMOS Timer1 oscillator input.

ccpal@ /o | ST Capture 2 input/Compare 2 output/PWM 2 output.

UOE 0 — External USB transceiver OE output.
RC2/CCP1/P1A 17 36 36

RC2 /0 ST Digital I/O.

CCP1 11O ST Capture 1 input/Compare 1 output/PWM 1 output.

P1A 0] TTL Enhanced CCP1 PWM output, channel A.
RC4/D-/VM 23 42 42

RC4 | TTL Digital input.

D- [0 = USB differential minus line (input/output).

VM | TTL External USB transceiver VM input.
RC5/D+/VP 24 43 43

RC5 | TTL Digital input.

D+ V(e — USB differential plus line (input/output).

VP | TTL External USB transceiver VP input.
RC6/TX/CK 25 44 44

RC8 /0 ST Digital /0.

X 0] - EUSART asynchronous transmit.

CK IO ST EUSART synchronous clock (see RX/DT).
RC7/RX/DT/SDO 26 1 1

RC7 re] i Digital 1/O.

RX | ST EUSART asynchronous receive.

DT 11O ST EUSART synchronous data (see TX/CK).

SDO (6] -5 SPI™ data out.
Legend: TTL =TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels | = Input
O  =Output R = Power

Note 1: Alternate assignment for CCP2 when CCP2MX configuration bit is cleared.
2:  Default assignment for CCP2 when CCP2MX configuration bit is set.

3:  These pins are No Connect unless the ICPRT configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG configuration bit is cleared.
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TABLE 1-3: P1C18F4455/4550 PINOUT 1/0 DESCRIPTIONS (CONTINUED)
Pin Name Plirx Number Elo; [ Buiter Description
PDIP | QFN | TQFP | Type | Type
PORTD is a bidirectional 1/0 port or a Streaming
Parallel Port (SPP). These pins have TTL input buffers
when the SPP module is enabled.
RDO/SPPO 19 38 38
RDO 110 ST Digital /0.
SPPO 1/0 TTL Streaming Parallel Port data.
RD1/SPP1 20 39 39
RD1 1/0 ST Digital 1/0.
SPP1 /0 TTL Streaming Parallel Port data.
RD2/SPP2 21 40 40
RD2 o | ST Digital I/O.
SPP2 110 TTEL Streaming Parallel Port data.
RD3/SPP3 22 41 41
RD3 /O ST Digital I/O.
SPP3 /0 TTL Streaming Parallel Port data.
RD4/SPP4 27 2 o
RD4 /O ST Digital 1/0.
SPP4 fle] TTL Streaming Parallel Port data.
RD5/SPP5/P1B 28 3 3
RD5 110 ST Digital 1/0.
SPP5 110 TrL Streaming Parallel Port data.
P1B Q — Enhanced CCP1 PWM output, channel B.
RD6/SPP6/P1C 29 4 4
RD6 110 ST Digital 1/0.
SPP6 /0 TTL Streaming Parallel Port data.
P1C 0 - Enhanced CCP1 PWM output, channel C.
RD7/SPP7/P1D 30 5 5
RD7 11O ST Digital I/0.
SPP7 o] TTL Streaming Parallel Port data.
"P1D @] — Enhanced CCP1 PWM output, channel D.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST
O
Note 1:

= Schmitt Trigger input with CMQS levels |
= Output
Alternate assignment for CCP2 when CCP2MX configuration bit is cleared.

P

= Input
= Power

2:  Default assignment for CCP2 when CCP2MX configuration bit is set.

3:

These pins are No Cennect unless the ICPRT configuration bit is set. For NG/ICPORTS, the pin is No

Connect unless ICPRT is set and the DEBUG configuration bit is cleared.
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TABLE 1-3: PIC18F4455/4550 PINOUT I/0O DESCRIPTIONS (CONTINUED)

: Pin Number Pin | Buffer G o
Pin Name Description
PDIP | QFN | TQFP | Type | Type
PORTE is a bidirectional I/O port.
REO/ANS/CK1SPP 8 25 25
REO 110 ST Digital 1/0.
ANS I | Analog| Analog input 5.
CK1SPP O - SPP clock 1 output.
RE1/AN6/CK2SPP 9 26 26
RE1 I/0 ST Digital I/0.
ANB | Analog Analog input 6.
CK2SPP (o] — SPP clock 2 output.
RE2/AN7/OESPP 10 27 27
RE2 110 ST Digital I/O.
AN7 | Analog Analog input 7.
OESPP 9 S SPP output enable output.
RE3 — — — — —  |See MCLR/VPP/RES3 pin.
Vss . 12, 316,30, | 6, 29 P — | Ground reference for logic and I/O pins.
31
VDD 11,32 7,8, | 7,28 P - Positive supply for logic and 1/O pins.
28,29
Vuss 18 37 37 (@] —  |Internal USB 3.3V voltage regulator output.
NC/ICCK/ICPGC — =112 ‘ No Connect or dedicated ICDACSP™ port clock.?
ICCK I} ST In-Circuit Debugger clock,
ICPGC 11O AN ICSP programming clock.
NC/ICDT/ICPGD —= 4 — Vi3 No Connect or dedicated ICD/ICSP port clock.®)
ICDT I/0 ST In-Circuit Debugger data.
ICPGD /6] ST ICSP programming data.
NC/ICRST/ICVPP Y ————— =l No Connect or dedicated ICD/ACSP port Reset.(3)
ICRST | —— Master Clear (Reset) input.
ICVPp P — Programming voltage input.
NC/ICPORTS Sl QL L P —  |No Connect or 28-pin device emulation.®
ICPORTS Enable 28-pin device emulation when connected
to Vss.
NC — 13 — — — [No Connect.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output B = Power

Note 1: Alternate assignment for CCP2 when CCP2MX configuration bit is cleared.
2:  Default assignment for CGP2 when CCP2MX configuration bit is set.

3: These pins are No Connect unless the ICPRT configuration bit is set. For NC/ICPORTS, the pin is No
Connect unless ICPRT is set and the DEBUG configuration bit is cleared.
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NOTES:
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2.0 OSCILLATOR
CONFIGURATIONS

2.1 Overview

Devices in the PIC18F2455/2550/4455/4550 family
incorporate a different oscillator and microcontroller
clock system than previous PIC18F devices. The addi-
tion of the USB module, with its unique requirements
for a stable clock source, make it necessary to provide
a separate clock source that is compliant with both
USB low-speed and full speed specifications.

To accommodate these requirements, PIC18F2455/
2550/4455/4550 devices include a new clock branch to
provide a 48 MHz clock for full speed USB operation.
Since it is driven from the primary clock source, an
additional system of prescalers and postscalers has
been added to accommodate a wide range of oscillator
frequencies. An overview of the oscillator structure is
shown in Figure 2-1.

Other oscillator features used in PIC18 enhanced
microcontrollers, such as the internal oscillator block
and clock switching, remain the same. They are
discussed later in this chapter.

211 OSCILLATOR CONTROL

The operation of the oscillatorin PIC18F2455/2550/
4455/4550 devices is controlled through two configura-
tion registers and two control registers. Configuration
registers, CONFIGIL and CONFIG1H, select the
oscillator mode and USB prescaler/postscaler options.
As configuration bits, these are set when the device is
programmed and left in that configuration until the
device is reprogrammed.

The OSCCON register (Register 2-2) selects the Active
Clock mode; it is primarily used in controlling clock
switching in power-managed modes. lts use is
discussed in Section 2.4.1 “Oscillator Control
Register”,

The OSCTUNE register (Register 2-1) is used to trim
the INTRC frequency source, as well as select the
low-frequency clock seurce that drives several special
features. lis use is described in Section 2.2.5.2
"“OSCTUNE Register”,

2.2 Oscillator Types

PIC18F2455/2550/4455/4550 devices can be operated
in twelve distinct oscillator modes. In contrast with pre-
vious PIC18 enhanced microcontrollers, four of these
modes involve the use of two oscillator types at once.
Users can program the FOSC3:FOSCO configuration
bits to select one of these modes:

1. XT Crystal/Resonator
2. XTPLL Crystal/Resonator with PLL enabled
3. HS High-Speed Crystal/Resonator
4. HSPLL High-Speed Crystal/Resonator

with PLL enabled
5. EC External Clock with FOsc/4 output
6. ECIO  External Clock with /O on RA6

7. ECPLL External Clock with PLL enabled
and Fosc/4 output on RAG

8. ECPIO External Clock with PLL enabled,
1/0 on RAB

9. INTHS Internal Oscillator used as
microcontroller clock source, HS
Oscillator used as USB clock source

10. INTXT Internal Oscillator used as
microcontroller clock source, XT
Oscillator used as USB clock source

11. INTIO  Internal Oscillator used as
microcontroller clock source, EC
Oscillator used as USB clock source,
digital I/O on RAB

12. INTCKO Internal Oscillator used as
microcontroller clock source, EC
Oscillator used as USB clock source,
Fosc/4 output on RAG

£%E] OSCILLATOR MODES AND
USB OPERATION

Because of the unique requirements of the USB module,
a different approach to clock operation is necessary. In
previous PICmicro® devices, all core and peripheral
clocks were driven by a single oscillator source; the
usual sources were primary, secondary or the internal
oscillator. With PIC18F2455/2550/4455/4550 devices,
the primary oscillator becomes part of the USB module
and cannot be associated to any other clock source.
Thus, the USB module must be clocked from the primary
clock source; however, the microcontroller core and
other peripherals can be separately clocked from the
secondary or internal oscillators as before.

Because of the timing requirements imposed by USB,
an internal clock of either 6 MHz or 48 MHz is required
while the USB module is enabled. Fortunately, the
microcontroller and other peripherals are not required
to run at this clock speed when using the primary
oscillator. There are numerous options to achieve the
USB module clock requirement and still provide flexibil-
ity for clocking the rest of the device from the primary
oscillator source. These are detailed in Section 2.3
“Oscillator Settings for USB”.

© 2004 Microchip Technology Inc.
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FIGURE 2-1: PIC18F2455/2550/4455/4550 CLOCK DIAGRAM
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222 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In HS, HSPLL, XT and XTPLL Oscillator modes, a
crystal or ceramic resonator is connected to the OSC1
and OSC2 pins to establish oscillation. Figure 2-2
shows the pin connections.

The oscillator design requires the use of a parallel cut
crystal.

Note:  Use of a series cut crystal may give a fre-
quency out of the crystal manufacturer’s
specifications.

FIGURE 2-2: CRYSTAL/CERAMIC

RESONATOR OPERATION
(XT, HS OR HSPLL
CONFIGURATION)

a1 osct [ {;
I l To
. i Internal
I XTAL oA 7_' Logic
@ Sleep
cofl 0sC2 PIC18FXXXX
Note 1: See Table 2-1 and Table 2-2 for initial values of
C1 and C2.

2: A series resistor (R§) may be required for AT
strip cut crystals.
3: RF varies with the oscillator mode cheosen.

CAPACITOR SELECTION FOR
CERAMIC RESONATORS

TABLE 2-1:

Typical Capacitor Values Used:

Mode Freq osc1 0sc2
XT 4.0 MHz 33 pF 33 pF
HS 8.0 MHz 27 pF 27 pF

16.0 MHz 22 pF 22 pF

Capacitor values are for design guidance only.

These capacitors were tested with the resonators
listed below for basic start-up and operation. These
values are not optimized. ¥

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and temperature range for the application.

See the notes following Table 2-2 for additional
information.

TABLE 2-2; CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Typical Capacitor Values
Crystal Tested:
Osc Type Freq
(03] c2
XT 4 MHz 27 pF 27 pF
HS 4 MHz 27 pF 27 pF
8 MHz 22 pF 22 pF
20 MHz 15 pF 15 pF

Capacitor values are for design guidance only.

These capacitors were tested with the crystals listed
below for basic start-up and operation. These values
are not optimized.

Different capacitor values may be required to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
Vop and temperature range for the application.

See the notes following this table for additional
information.

Crystals Used:

4 MHz

8 MHz

20 MHz

Note 1: Higher capacitance increases the stability
of oscillator- but also increases the
start-up time.

2: When operating below 3V VDD, or when
using certain ceramic resonators at any
valtage, it may be necessary to use the
HS mode or switch to a crystal oscillator.

3: Since each resonator/crystal has its own
characteristics, the user should consult
the resonator/crystal manufacturer for
appropriate values of external
components.

4: Rs may be required to avoid overdriving
crystals with low drive level specification.

5: Always verify oscillator performance over
the VDD and temperature range that is

expected for the application.

Resonators Used:

4.0 MHz

8.0 MHz

16.0 MHz

An internal postscaler allows users to select a clock
frequency other than that of the crystal or resonator.
Frequency division is determined by the CPUDIV
configuration bits. Users may select a clock frequency
of the oscillator frequency, or 1/2, 1/3 or 1/4 of the
frequency.

An external clock may also be used when the micro-

controller is in HS Oscillator mode. In this case, the
OSC2/CLKO pin is left open (Figure 2-3).

© 2004 Microchip Technology Inc.
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EXTERNAL CLOCK INPUT
OPERATION (HS OSC
CONFIGURATION)

Clock from —DO—» 0OsC1
Ext. System PIC18FXXXX

(HS Mode)

FIGURE 2-3:

Open .+—— OSC2

2.2.3 EXTERNAL CLOCK INPUT

The EC, ECIO, ECPLL and ECPIO Oscillator modes
require an external clock source to be connected to the
OSC1 pin. There is no oscillator start-up time required
after a Power-on Reset or after an exit from Sleep
mode.

In the EC and ECPLL Oscillator modes, the oscillator
frequency divided by 4 is available on the OSC2 pin.
This signal may be used for test purposes or to
synchronize other logic. Figure 2-4 shows the pin
connections for the EC Oscillator mode.

FIGURE 2-4: EXTERNAL CLOCK
INPUT OPERATION
(EC AND ECPLL
CONFIGURATION)

Clock from ﬂf>o—> OSG1/CLKI
Ext. System PICT18FXXXX

Fosc/4 --—— OSC2/CLKO

The ECIO and ECPIO Oscillator modes function like
the EC and ECPLL modes, except that the OSC2 pin
becomes an additional general purpose 1/0 pin. The I/
O pin becomes bit 6 of PORTA (RAB). Figure 2-5
shows the pin connections for the ECIO Oscillator
mode.
FIGURE 2-5: EXTERNAL CLOCK
INPUT OPERATION
(ECIO AND ECPIO
CONFIGURATION)

Clock from —{>o—. OSC1/CLKI
Ext. Systonm PIC18FXXXX

RA6 -<-—{ /O (0OSC2)

The internal postscaler for reducing clock frequency in
XT and HS modes is also available in EC and ECIO
modes.

224 PLL FREQUENCY MULTIPLIER

PIC18F2455/2550/4255/4550 devices include a Phase
Locked Loop (PLL) circuit. This is provided specifically
for USB applications with lower speed oscillators and
can also be used as a microcontroller clock source.

The PLL is enabled in HSPLL, XTPLL, ECPLL and
ECPIO Oscillator modes. It is designed to produce a
fixed 96 MHz reference clock from a fixed 4 MHz input.
The output can then be divided and used for both the
USB and the microcontroller core clock. Because the
PLL has a fixed frequency input and output, there are
eight prescaling options to match the oscillator input
frequency to the PLL.

There is also a separate postscaler option for deriving
the microcontroller clock from the PLL. This allows the
USB peripheral and microcontroller to use the same
oscillator input and still operate at different clock
speeds. In contrast to the postscaler for XT, HS and EC
modes, the available options are 1/2, 1/3, 1/4 and 1/6.
of the PLL output.

The HSPLL, ECPLL and ECPIO modes make use of
the HS mode oscillator for frequencies up to 48 MHz.
The prescaler divides the oscillator input by up to 12 to
produce the 4 MHz drive for the PLL. The XTPLL mode
can only use an input frequency of 4 MHz which drives
the PLL directly.
FIGURE 2-6: PLL BLOCK DIAGRAM
(HS MODE)

HS/EC/ECIO/XT Oscillator Enable
PLL Enable ﬂ
(from CONFIG1H Register)

osc2 Phase
Oscillator | -~ Fy Comparator
Closey| ¢ \Teor
Prescaler
Loop
Filter | ———
Yy
VCO
- SYSCLK
="
=
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225 INTERNAL OSCILLATOR BLOCK

The PIC18F2455/2550/4455/4550 devices include an
internal oscillator block which generates two different
clock signals; either can be used as the microcontroller’s
clock source. If the USB peripheral is not used, the
internal oscillator may eliminate the need for external
oscillator circuits on the OSC1 and/or OSC2 pins.

The main output (INTOSC) is an 8 MHz clock source
which can be used to directly drive the device clock. It
also drives the INTOSC postscaler which can provide a
range of clock frequencies from 31 kHz to 4 MHz. The
INTOSC output is enabled when a clock frequency
from 125 kHz to 8 MHz is selected.

The other clock source is the internal RC oscillator
(INTRC) which provides a nominal 31 kHz output.
INTRC is enabled if it is selected as the device clock
source; it is also enabled automatically when any of the
following are enabled:

* Power-up Timer

* Fail-Safe Clock Monitor
* Watchdog Timer

* Two-Speed Start-up

These features are discussed in greater detail in
Section 25.0 “Special Features of the CPU”.

The clock source frequency (INTOSC direct, INTRC
direct or INTOSC postscaler) is selected by configuring
the IRCF bits of the OSCCON register (page 32).

2.2.51

When the internal oscillator is used as the micro-
controller clock source, one of the other oscillator
modes (External Clock or External Crystal/Resonator)
must be used as the USB clock source. The choice of
USB clock source is determined by the particular
internal oscillator mode.

Internal Oscillator Modes

There are four distinct modes available:

1. INTHS mode: The USB clock is provided by the
oscillator in HS mode.

2. INTXT mode: The USB clock is provided by the
oscillator in XT mode.

3. INTCKO mode: The USB clock is provided by an
external clock input on OSC1/CLKI; the OSC2/
CLKO pin outputs Fosc/4.

4. INTIO mode: The USB clock is provided by an
external clock input on OSC1/CLKI; the OSC2/
CLKO pin functions as a digital /O (RAB).

Of these four modes, only INTIO mode frees up an
additional pin (OSC2/CLKQ/RAB) for port I/O use.

2,252 OSCTUNE Register

The internal oscillator's output has been calibrated at
the factory but can be adjusted in the user’s applica-
tion. This is done by writing to the OSCTUNE register
(Register 2-1). The tuning sensitivity is constant
throughout the tuning range.

When the OSCTUNE register is modified, the INTOSC
and INTRC frequencies will begin shifting to the new
frequency. The INTRC clock will reach the new
frequency within 8 clock cycles (approximately,
8 " 32 us =256 us). The INTOSC clock will stabilize
within 1 ms. Code execution continues during this shift.
There is no indication that the shift has occurred.

The OSCTUNE register also contains the INTSRC bit.
The INTSRC bit allows users to select which internal
oscillator provides the clock source when the 31 kHz
frequency option is selected. This is covered in greater
detailin Section 2.4.1 “Oscillator Control Register”.

2253 Internal Oscillator Output Frequency

and Drift

The internal oscillator block is calibrated at the factory
to produce an INTOSC output frequency of 8.0 MHz.
However, this frequency may drift as VDD or tempera-
ture changes, which can affect the controller operation
in a variety of ways.

The low-frequency INTRC oscillator operates indepen-
dently of the INTOSC source. Any changes in INTOSC
across voltage and temperature are not necessarily
reflected by changes in INTRC and vice versa.

© 2004 Microchip Technology Inc.
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REGISTER 2-1:

OSCTUNE: OSCILLATOR TUNING REGISTER

R/W-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
[ INTSRC | — — | Tuna | Tuna | TuN2 | TUNT | TUNO
bit 7 bit 0
bit 7 INTSRC: Internal Oscillator Low-Frequency Source Select bit

1 = 31.25 kHz device clock derived from 8 MHz INTOSC source (divide-by-256 enabled)
0 = 31 kHz device clock derived directly from INTRC internal oscillator

bit 6-5 Unimplemented: Read as ‘0’

bit 4-0 TUN4:TUNO: Frequency Tuning bits

01111 = Maximum frequency

00000 = Center frequency. Oscillator module is running at the calibrated frequency.

L] .
. .
00001
i g
L] L]

10000 = Minimum frequency

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0" = Bit is cleared x = Bit is unknown

2254 Compensating for INTOSC Drift

It is possible to adjust the INTOSC frequency by
modifying the value in the OSCTUNE register. This has
no effect on the INTRC clock source frequency.

Tuning the INTOSC source requires knowing when to
make the adjustment, in which direction it should be
made and in some cases, how large a change is
needed. When using the EUSART, for example, an
adjustment may be required when it begins to generate
framing errors or receives data with errors while in
Asynchronous mode. Framing errors indicate that the
device clock frequency is too high; to adjust for this,
decrement the value in OSCTUNE to reduce the clock
frequency. On the other hand, errors in data may sug-
gest that the clock speed is too low; to compensate,
increment OSCTUNE to increase the clock frequency.

Itis also possible to verity device clock speed against
a reference clock. Two timers may be used: one timer
is clocked by the peripheral clock, while the other is
clocked by a fixed reference source, such as the
Timer1 oscillator. Both timers are cleared but the timer
clocked by the reference generates interrupts. When
an interrupt occurs, the internally clocked timer is read
and both timers are cleared. If the internally clocked
timer value is greater than expected, then the internal
oscillator block is running too fast. To adjust for this,
decrement the OSCTUNE register.

Finally, a CCP module can use free running Timer1 (or
Timer3), clocked by the internal oscillator block and an
external event with a known period (i.e., AC power
frequency). The time of the first event is captured in the
CCPRxH:CCPRxL registers and is recorded for use
later. When the second event causes a capture, the
time of the first event is subtracted from the time of the
second event. Since the period of the external event is
known, the time difference between events can be
calculated.

If the measured time is much greater than the calcu-
lated time, the internal oscillator block is running too
fast; to compensate, decrement the OSCTUNE register.
If the measured time is much less than the calculated
time, the internal oscillator block is running too slow; to
compensate, increment the OSCTUNE register.
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2.3 Oscillator Settings for USB

When the PIC18F4550 is used for USB connectivity, it
must have either a 6 MHz or 48 MHz clock for USB
operation, depending on whether Low-Speed or Full
Speed mode is being used. This may require some
forethought in selecting an oscillator frequency and
programming the device.

The full range of possible oscillator configurations
compatible with USB operation is shown in Table 2-3.

2.3.1 LOW-SPEED OPERATION

The USB clock for Low-Speed mode is derived from the
primary oscillator chain and not directly from the PLL. It
is divided by 4 to produce the actual 6 MHz clock.
Because of this, the microcontroller can only use a
clock frequency of 24 MHz when the USB module is

active and the controller clock source is one of the
primary oscillator modes (XT, HS or EC, with or without
the PLL).

This restriction does not apply if the microcontroller
clock source is the secondary oscillator or internal
oscillator block.

RUNNING DIFFERENT USB AND
MICROCONTROLLER CLOCKS

The USB module, in either mode, can run asynchro-
nously with respect to the microcontroller core and
other peripherals. This means that applications can use
the primary oscillator for the USB clock while the micro-
controller runs from a separate clock source at a lower
speed. If it is necessary to run the entire application
from only one clock source, full speed operation
provides a greater selection of microcontroller clock
frequencies.

23.2

TABLE 2-3: OSCILLATOR CONFIGURATION OPTIONS FOR USB OPERATION
Input Oscillator PLL Division Clock Mode MCU Ciock Division Microcontroller
Frequency (PLLDIV2:PLLDIVO) (FOSC3:FOSCO) (CPUDIV1:CPUDIV0) Clock Frequency

48 MHz N/A EC, ECIO None (00) 48 MHz
+2 (01) 24 MHz
+3(10) 16 MHz
+4 (11) 12 MHz

48 MHz +12(343) EC, ECIO None (00) 48 MHz
42 (01) 24 MHz

+3(10) 16 MHz

+4 (11) 12 MHz

ECPLL, ECPIO +2 (00) 48 MHz

+3(01) 32 MHz

+4(10) 24 MHz

+6(11) 16 MHz

40 MHz +10(110) EC, ECIO None (00) 40 MHz
+2(01) 20 MHz

+3 (10) 13.33 MHz

+4 (11) 10 MHz

ECPLL, ECPIO =2 (00) 48 MHz

+3 (01) 32 MHz

+4 (10) 24 MHz

+6 (11) 16 MHz

24 MHz +6 (101) HS, EC, ECIO None (00) 24 MHz
+2 (01) 12 MHz

+3(10) 8 MHz

+4 (11) 6 MHz

HSPLL, ECPLL, ECPIO +2 (00) 48 MHz

+3(01) 32 MHz

+4 (10) 24 MHz

+6 (11) 16 MHz

Legend:  All clock frequencies, except 24 MHz, are exclusively associated with full speed USB operation (USB clock of 48 MHz).

Bold is used to highlight clock selections that are compatible with low-speed USB operation (system clock of 24 MHz,
USB clock of 6 MHz).

Note 1:

Only valid when the USBDIV configuration bit is cleared.,

© 2004 Microchip Technology Inc.
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TABLE 2-3: OSCILLATOR CONFIGURATION OPTIONS FOR USB OPERATION (CONTINUED)
Input Oscillator PLL Division Clock Mode MCU Clock Division Microcontroller
Frequency (PLLDIVZ:PLLDIVD) (FOSC3:FOSCO0) (CPUDIV1:CPUDIVO) Clock Frequency
20 MHz +5(100) HS, EC, ECIO None (00) 20 MHz
+2(01) 10 MHz
+3 (10) 6.67 MHz
+4 (11) 5 MHz
HSPLL, ECPLL, ECPIO +2 (00) 48 MHz
+3 (01) 32 MHz
+4 (10) 24 MHz
+6(11) 16 MHz
16 MHz +4 (011) HS, EC, ECIO None (00) 16 MHz
+2 (01) 8 MHz
+3 (10) 5.33 MHz
+4 (11) 4 MHz
HSPLL, ECPLL, ECPIO +2 (00) 48 MHz
+3(01) 32 MHz
+4 (10) 24 MHz
+6 (11) 16 MHz
12 MHz +#3 (010) HS, EC, ECIO None (00) 12 MHz
+2 (01) 6 MHz
+3 (10) 4 MHz
+4(11) 3 MHz
HSPLL, ECPLL, ECPIO +2 (00) 48 MHz
+3 (01) 32 MHz
+4 (10) 24 MHz
+6(11) 16 MHz
8 MHz +2 (001) HS, EC, ECIO None (00) 8 MHz
+2 (01) 4 MHz
+3(10) 2.67 MHz
+4 (11) 2 MHz
HSPLL, ECPLL, ECPIO +2 (00) 48 MHz
+3 (01) 32 MHz
+4 (10) 24 MHz
+6 (11) 16 MHz
4 MHz +1(000) XT,HS, EC, ECIO None (00) 4 MHz
+2 (01) 2 MHz
+3(10) 1.33 MHz
+4 (11) 1 MHz
HSPLL, ECPLL, XTPLL, +2 (00) 48 MHz
ECPIO =3 (01) 32 MHz
+4 (10) 24 MHz
+6 (11) 16 MHz
Legend:  All clock frequencies, except 24 MHz, are exclusively associated with full speed USB operation (USB clock of 48 MHz).

Bold is used to highlight clock selections that are compatible with low-speed USB operation (system clock of 24 MHz,
USB clock of 6 MHz).

Note 1:

Only valid when the USBDIV configuration bit is cleared.
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2.4 Clock Sources and Oscillator
Switching

Like previous PIC18 enhanced devices, the
PIC18F2455/2550/4455/4550 family includes a feature
that allows the device clock source to be switched from
the main oscillator to an alternate low-frequency clock
source. PIC18F2455/2550/4455/4550 devices offer
two alternate clock sources. When an alternate clock
source is enabled, the various power-managed
operating modes are available.

Essentially, there are three clock sources for these
devices:

* Primary oscillators
* Secondary oscillators
* Internal oscillator block

The primary oscillators include the External Crystal
and Resonator modes, the External Clock modes and
the internal oscillator block. The particular mode is
defined by the FOSC3:FOSCO configuration hits. The
details of these modes are covered earlier in this
chapter.

The secondary oscillators are those external sources
not connected to the OSC1 or OSC2 pins. These
sources may continue to operate even after the
controller is placed in a power-managed mode.

PIC18F2455/2550/4455/4550 devices offer the Timert
oscillator as a secondary oscillator. This oscillator, in all
power-managed modes, is often the time base for
functions such as a real-time clock. Most often, a
32.768 kHz walch crystal is connected between the
RCO/T10S0O/T13CKI and RC1/T10SI/UOE pins. Like
the XT and HS mode oscillator circuits, loading
capacitors are also connected from each pin to ground.
The Timer1 oscillator is discussed in greater detail in
Section 12.3 “Timer1 Oscillator”.

In addition to being a primary clock source, the internal
oscillator block is available as a power-managed
mode clock source. The INTRC source is also used as
the clock source for several special features, such as
the WDT and Fail-Safe Clock Monitor.

2.4.1 OSCILLATOR CONTROL REGISTER

The OSCCON register (Register 2-2) controls several
aspects of the device clock's operation, both in full
power operation and in power-managed modes.

The System Clock Select bits, SCS1:SCS0, select the
clock source. The available clock sources are the
primary clock (defined by the FOSC3:FOSCO configu-
ration bits), the secondary clock (Timer1 oscillator) and
the internal oscillator block. The clock source changes
immediately after one or mere of the bits is written to,
following a brief clock transition interval. The SCS bits
are cleared on all forms of Reset.

The Internal Oscillator Frequency Select bits,
IRCF2:IRCFO, select the frequency output of the internal
oscillator block to drive the device clock. The choices are
the INTRC source, the INTOSC source (8 MHz) or one
of the frequencies derived from the INTOSC postscaler
(31 kHz to 4 MHz). If the internal oscillator block is
supplying the device clock, changing the states of these
bits will have an immediate change on the internal oscil-
lator's output. On device Resets, the default output
frequency of the internal oscillator block is set at 1 MHz.

When an output frequency of 31 kHz is selected
(IRCF2:IRCFO = 000), users may choose which inter-
nal oscillator acts as the source. This is done with the
INTSRC bitin the OSCTUNE register (OSCTUNE<7>),
Setting this bit selects INTOSC as a 31.25 kHz clock
source by enabling the divide-by-256 output of the
INTOSC postscaler. Clearing INTSRC selects INTRC
(nominally 31 kHz) as the clock source.

This option allows users to select the tunable and more
precise INTOSC as a clock source, while maintaining
power savings with a very low clock speed. Regardless
of the setting of INTSRC, INTRC always remains the
clock source for features such as the Watchdog Timer
and the Fail-Safe Clock Monitor.

The OSTS, IOFS and T1RUN bits indicate which clock
source is currently providing the device clock. The OSTS
bit indicates that the Oscillator Start-up Timer has timed
out and the primary clock is providing the device clock in
primary clock modes. The |OFS bit indicates when the
internal oscillator block has stabilized and is providing
the device clock in RC Clock modes. The T1RUN bit
(T1CON<6>) indicates when the Timer1 oscillator is
providing the device clock in secondary clock modes. In
power-managed modes, only one of these three bits will
be set at any time. If none of these bits are set, the
INTRC is providing the clock or the internal oscillator
block has just started and is not yet stable.

The IDLEN bit determines if the device goes into Sleep
mode, or one of the Idle modes, when the SLEEP
instruction is executed.

The use of the flag and control bits in the OSCCON
register is discussed in more detail in Section 3.0
“Power-Managed Modes”.

Note 1: The Timer1 oscillator must be enabled to
select the secondary clock source. The
Timer1 oscillator is enabled by setting the
T1OSCEN bit in the Timer1 Control regis-
ter (T1CON<3>). If the Timer1 oscillator is
not enabled, then any attempt to select a
secondary clock source will be ignored.

2: It is recommended that the Timer1
oscillator be operating and stable prior to
switching to it as the clock source; other-
wise, a very long delay may occur while
the Timer1 oscillator starts.

© 2004 Microchip Technology Inc.
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2.4.2 OSCILLATOR TRANSITIONS
PIC18F2455/2550/4455/4550 devices contain circuitry

to prevent clock “glitches” when switching between

clock sources. A short pause in the device clock occurs
during the clock switch. The length of this pause is the

REGISTER 2-2:

bit 7

bit 6-4

bit 3

bit 2

bit 1-0

OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0 R/W-1 R/W-0 R/W-0 R R-0 R/W-0

sum of two cycles of the old clock source and three to
four cycles of the new clock source. This formula
assumes that the new clock source is stable.

Clock transitions are discussed in greater detail in
Section 3.1.2 “Entering Power-Managed Modes”.

R/W-0

IDLEN [ IRcF2 | IRCF1 | IRCF0 | OsTS | IOFS [ scsi

SCS0

bit 7

IDLEN: Idle Enable bit

1 = Device enters Idle mode on SLEEP instruction

0 = Device enters Sleep mode on SLEEP instruction

IRCF2:IRCFO: Internal Oscillator Frequency Select bits

111 = 8 MHz (INTOSC drives clock directly)

110 = 4 MHz

101 =2 MHz

100 = 1 MHz®

011 =500 kHz

010 =250 kHz

001 =125 kHz

000 = 31 kHz (from either INTOSC/256 or INTRC directly)?

OSTS: Oscillator Start-up Time-out Status bit™

1 = Oscillator Start-up Timer time-out has expired; primary oscillator is running

0 = Oscillator Start-up Timer time-out is running; primary oscillator is not ready

I0FS: INTOSC Frequency Stable bit

1 = INTOSC frequency is stable

0 = INTOSC frequency is not stable

SCS1:SCS0: System Clock Select bits

1x = Internal oscillator block

01 = Timer1 oscillator

00 = Primary oscillator

Note 1: Depends on the state of the IESO configuration bit.

2: Source selected by the INTSRC bit (OSCTUNE<7>), see text.
3: Default output frequency of INTOSC on Reset.

bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1" = Bit is set ‘0’ = Bitis cleared X = Bit is unknown
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25 Effects of Power-Managed Modes
on the Various Clock Sources

When PRI_IDLE mode is selected, the designated
primary oscillator continues to run without interruption.
For all other power-managed modes, the oscillator
using the OSC1 pin is disabled. Unless the USB
module is enabled, the OSC1 pin (and OSC2 pin if
used by the oscillator) will stop oscillating.

In  secondary clock modes (SEC_RUN and
SEC_IDLE), the Timer1 oscillator is operating and
providing the device clock. The Timer1 oscillator may
also run in all power-managed modes if required to
clock Timer1 or Timer3.

In internal oscillator modes (RC_RUN and RC_IDLE),
the internal oscillator block provides the device clock
source. The 31 kHz INTRC output can be used directly
to provide the clock and may be enabled to support
various  special features regardless of the
power-managed mode (see Section 25.2 “Watchdog
Timer (WDT)”, Section 25.3 “Two-Speed Start-up”
and Section 25.4 “Fail-Safe Clock Monitor” for more
information on WDT, Fail-Safe Clock Monitor and
Two-Speed Start-up). The INTOSC output at 8 MHz
may be used directly to clock the device or may be
divided down by the postscaler. The INTOSC output is
disabled if the clock is provided directly from the INTRC
output.

Regardless of the Run or Idle mode selected, the USB
clock source will continue to operate. If the device is
operating from a crystal or resonator-based oscillator,
that oscillator will continue to clock the USB module;
the core and all other modules will switch to the new
clock source.

If the Sleep mode is selected, all clock sources are
stopped. Since all the transistor switching currents
have been stopped, Sleep mode achieves the lowest
current consumption of the device (only leakage
currents).

Sleep mode should never be invoked while the USB
module is operating and connected. The anly exception
is when the device has been issued a “Suspend” com-

mand over the USB. Once the module has suspended
operation and shifted to a low-power state, the
microcontroller may be safely put into Sleep mode.

Enabling any on-chip feature that will operate during
Sleep will increase the current consumed during Sleep.
The INTRC is required to support WDT operation. The
Timer1 oscillator may be operating to support a
real-time clock. Other features may be operating that
do not require a device clock source (i.e., SSP slave,
PSP, INTn pins and others). Peripherals that may add
significant  current consumption are listed in
Section 28.2 “DC Characteristics: Power-Down and
Supply Current”.

2.6 Power-up Delays

Power-up delays are controlled by two timers, so that no
external Reset circuitry is required for most applications.
The delays ensure that the device is kept in Reset until
the device power supply is stable under normal circum-
stances and the primary clock is operating and stable.
For additional information on power-up delays, see
Section 4.5 “Device Reset Timers”.

The first timer is the Power-up Timer (PWRT), which
provides a fixed delay on power-up (parameter 33,
Table 28-12). It is enabled by clearing (= 0) the
PWRTEN configuration bit.

The second timer is the Oscillator Start-up Timer
(OST), intended to keep the chip in Reset until the
crystal oscillator is stable (XT and HS modes). The
OST does this by counting 1024 oscillator cycles
before allowing the oscillator to clock the device.

When the HSPLL Oscillator mode is selected, the
device is kept in Reset for an additional 2 ms, following
the HS mode OST delay, so the PLL can lock to the
incoming clock frequency.

There is a delay of interval, TcsD (parameter 38,
Table 28-12), following POR, while the controller
becomes ready to execute instructions. This delay runs
concurrently with any other delays. This may be the
only delay that occurs when any of the EC or internal
oscillator modes are used as the primary clock source.

TABLE 2-4: OSC1 AND OSC2 PIN STATES IN SLEEP MODE
Oscillator Mode OSC1 Pin 0OSC2 Pin

INTCKO Floating, pulled by external clock At logic low (clock/4 output)

INTIO Floating, pulled by external clock Configured as PORTA, bit 6

ECIO, ECPIO Floating, pulled by external clock Configured as PORTA, bit 6

EC Floating, pulled by external clock At logic low (clock/4 output)

XT and HS Feedback inverter disabled at quiescent Feedback inverter disabled at quiescent

voltage level voltage level

Note:  See Table 4-2 in Section 4.0 “Reset” for time-outs due to Sleep and MCLR Reset.
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NOTES:
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3.0 POWER-MANAGED MODES

PIC18F2455/2550/4455/4550 devices offer a total of
seven operating modes for more efficient power
management. These modes provide a variety of
options for selective power conservation in applications
where resources may be limited (i.e., battery-powered
devices).

There are three categories of power-managed modes:

* Run modes
* |dle modes
* Sleep mode

These categories define which portions of the device
are clocked and sometimes, what speed. The Run and
Idle modes may use any of the three available clock
sources (primary, secondary or internal oscillator
block); the Sleep mode does not use a clock source.

The power-managed modes include several
power-saving features offered on previous PICmicro®
devices. One is the clock switching feature, offered in
other PIC18 devices, allowing the controller to use the
Timer1 oscillator in place of the primary oscillator. Also
included is the Sleep mode, offered by all PICmicro
devices, where all device clocks are stopped.

3.1 Selecting Power-Managed Modes

Selecting a power-managed mode - requires two
decisions: if the CPU is to be clecked or not and the
selection of a clock source. The |IDLEN bit
(OSCCON<7>) controls CPU clocking, while the
SCS1:SCS0 bits (OSCCON<1:05>) select the clock
source. The individual modes, bit settings, clock sources
and affected modules are summarized in Table 3-1.

3.1.1 CLOCK SOURCES

The SCS1:SCSO0 bits allow the selection of one of three
clock sources for power-managed modes. They are:

* the primary clock, as defined by the
FOSC3:FOSCO configuration bits

* the secondary clock (the Timer1 oscillator)
* the internal oscillator block (for RC modes)

3.1.2 ENTERING POWER-MANAGED
MODES

Switching from one power-managed mode to another
begins by loading the OSCCON register. The
SCS1:SCS0 bits select the clock source and determine
which Run or Idle mode is to be used. Changing these
bits causes an immediate switch to the new clock
source, assuming that it is running. The switch may
also be subject to clock transition delays. These are
discussed in Section 3.1.3 “Clock Transitions and
Status Indicators” and subsequent sections.

Entry to the Power-Managed Idle or Sleep modes is
triggered by the execution of a SLEEP instruction. The
actual mode that results depends on the status of the
IDLEN bit.

Depending on the current mode and the mode being
switched to, a change to a power-managed mode does
not always require setting all of these bits. Many
transitions may be done by changing the oscillator
select bits, or changing the IDLEN bit, prior to issuing a
SLEEP instruction. If the IDLEN bit is already
configured correctly, it may only be necessary to
perform a SLEEP instruction to switch to the desired
mode.

TABLE 3-1: POWER-MANAGED MODES
OSCCON Bits Module Clocking
Mode Available Clock and Oscillator Source
IDLEN(") SCS1:SCS0 CPU |Peripherals
Sleep 0 N/A Off Off None - all clocks are disabled
PRI_RUN N/A 00 Clocked| Clocked _|Primary — all oscillator modes.
This is the normal full power execution mode.

*|SEC_RUN N/A 01 Clocked| Clocked |Secondary — Timer1 oscillator

RC_RUN N/A 1x Clocked | Clocked |Internal oscillator block(®)

PRI_IDLE 1 00 Off Clocked |Primary - all oscillator modes

SEC_IDLE 1 01 Off Clocked |[Secondary — Timer1 oscillator

RC_IDLE 1 1x Off Clocked |Internal oscillator block(?

Note 1: IDLEN reflects its value when the SLEEP instruction is executed.
2: Includes INTOSC and INTOSC postscaler, as well as the INTRC source.
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3.1.3 CLOCK TRANSITIONS AND
STATUS INDICATORS

The length of the transition between clock sources is
the sum of two cycles of the old clock source and three
to four cycles of the new clock source. This formula
assumes that the new clock source is stable.

Three bits indicate the current clock source and its
status. They are:

* OSTS (OSCCON<3>)
» |OFS (OSCCON<2>)
* T1RUN (T1CON<6>)

In general, only one of these bits will be set while in a
given power-managed mode. When the OSTS bit is
set, the primary clock is providing the device clock.
When the IOFS bit is set, the INTOSC output is provid-
ing a stable 8 MHz clock source to a divider that
actually drives the device clock. When the T1RUN bit is
set, the Timer1 oscillator is providing the clock. If none
of these bits are set, then either the INTRC clock
source is clocking the device, or the INTOSC source is
not yet stable.

If the internal oscillator block is configured as the
primary clock source by the FOSC3:FOSCO con-
figuration bits, then both the OSTS and IOFS bits may
be set when in PRI_RUN or PRI_IDLE modes. This
indicates that the primary clock (INTOSC output) is
generating a stable 8 MHz output. Entering another RC
power-managed mode at the same frequency would
clear the OSTS bit.

Note 1: Caution should be used when modifying a
single IRCF bit. If VoD is less than 3V, it is
possible to select a higher clock speed
than is supported by the low VbD.
Improper device operation may result if
the VDD/FoSsc specifications are violated.

2: Executing a SLEEP instruction does not
necessarily place the device into Sleep
mode. It acts as the trigger to place the
controller into either the Sleep mode, or
one of the Idle modes, depending on the

setting of the IDLEN bit.

3.1.4 MULTIPLE SLEEP COMMANDS

The power-managed mode that is invoked with the
SLEEP Iinstruction is determined by the setting of the
IDLEN bit at the time the instruction is executed. If
another SLEEP instruction is executed, the device will
enter the power-managed mode specified by IDLEN at
that time. If IDLEN has changed, the device will enter
the new power-managed mode specified by the new
setling.

3.2 Run Modes

In the Run modes, clocks to both the core and
peripherals are active. The difference between these
modes is the clock source.

3.2.1 PRI_RUN MODE

The PRI_RUN mode is the normal, full power execution
mode of the microcontroller. This is also the default
mode upon a device Reset unless Two-Speed Start-up
is enabled (see Section 25.3 “Two-Speed Start-up”
for details). In this mode, the OSTS bit is set. The IOFS
bit may be set if the internal oscillator block is the
primary clock source (see Section 2.4.1 “Oscillator
Control Register”).

3.2.2 SEC_RUN MODE

The SEC_RUN mode is the compatible mode to the
“clock switching” feature offered in other PIC18
devices. In this mode, the CPU and peripherals are
clocked from the Timer1 oscillator. This gives users the
option of lower power consumption while still using a
high accuracy clock source.

SEC_RUN mode is entered by setting the SCS1:SCS0
bits to ‘01". The device clock source is switched to the
Timer1 oscillator  (see  Figure 3-1), the primary
oscillator is shut down, the TIRUN bit (T1CON<6>) is
set and the OSTS bit is cleared.

Note:  The Timer1 oscillator should already be
running prior to entering SEC_ RUN mode.
It the TIOSCEN bit is not set when the
SCS1:8CS0 bits are set to ‘o1, entry to
SEC_RUN mode will not occur. If the
Timer1 oscillator is enabled but not yet
running, device clocks will be delayed until
the oscillator has started. In such
situations, initial oscillator operation is far
from stable and unpredictable operation
may result.

On transitions from SEC_RUN mode to PRI_RUN, the
peripherals and CPU continue to be clocked from the
Timer1 oscillator while the primary clock is started.
When the primary clock becomes ready, a clock switch
back to the primary clock occurs (see Figure 3-2).
When the clock switch is complete, the TIRUN bit is
cleared, the OSTS bit is set and the primary clock is
providing the clock. The IDLEN and SCS bits are not
affected by the wake-up; the Timer1 oscillator
continues to run.
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FIGURE 3-1: TRANSITION TIMING FOR ENTRY TO SEC_RUN MODE
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Note 1: Clock transition typically occurs within 2-4 Tosc.
FIGURE 3-2: TRANSITION TIMING FROM SEC_RUN MODE TO PRI_RUN MODE (HSPLL)
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Note 1: TosT = 1024 Tosc; TPLL =2 ms (approx). These intervals are not shown to scale.
2:  Clock transition typically oceurs within 2-4 Tosc.
3.2.3 RC_RUN MODE This mode is entered by setting SCS1 to ‘1’. Although

In RC_RUN mode, the CPU and peripherals are
clocked from the internal oscillator block using the
INTOSC multiplexer; the primary clock is shut down.
When using the INTRC source, this mode provides the
best power conservation of all the Run modes while still
executing code. It works well for user applications
which are not highly timing sensitive or do not require
high-speed clocks at all times.

If the primary clock source is the internal oscillator
block (either INTRC or INTOSC), there are no distin-
guishable differences between PRI_RUN and
RC_RUN modes during execution. However, a clock
switch delay will occur during entry to and exit from
RC_RUN mode. Therefore, if the primary clock source
is the internal oscillator block, the use of RC_RUN
mode is not recommended.

it is ignored, it is recommended that SCSO also be
cleared; this is to maintain software compatibility with
future devices. When the clock source is switched to
the INTOSC multiplexer (see Figure 3-3), the primary
oscillator is shut down and the OSTS bit is cleared. The
IRCF bits may be modified at any time to immediately
change the clock speed.

Note:  Caution should be used when modifying a
single IRCF bit. If VDD is less than 3V, it is
possible to select a higher clock speed
than is supported by the low VoD.

Improper device operation may result if

the VDD/FOsc specifications are violated.
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If the IRCF bits and the INTSRC bit are all clear, the
INTOSC output is not enabled and the IOFS bit will
remain clear; there will be no indication of the current
clock source. The INTRC source is providing the
device clocks.

If the IRCF bits are changed from all clear (thus,
enabling the INTOSC output), or if INTSRC is set, the
IOFS bit becomes set after the INTOSC output
becomes stable. Clocks to the device continue while
the INTOSC source stabilizes after an interval of
TIOBST.

If the IRCF bits were previously at a non-zero value or
if INTSRC was set before setting SCS1 and the
INTOSC source was already stable, the IOFS bit will
remain set.

On transitions from RC_RUN mode to PRI_RUN mode,
the device continues to be clocked from the INTOSG
multiplexer while the primary clock is started. When the
primary clock becomes ready, a clock switch to the
primary clock occurs (see Figure 3-4). When the clock
switch is complete, the IOFS bit is cleared, the OSTS
bit is set and the primary clock is providing the device
clock. The IDLEN and SCS bits are not affected by the
switch. The INTRC source will continue to run if either
the WDT or the Fail-Safe Clock Monitor is enabled.

FIGURE 3-3: TRANSITION TIMING TO RC_RUN MODE
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Note 1: Clock transition typically occurs within 2-4 Tosc.
FIGURE 3-4: TRANSITION TIMING FROM RC_RUN MODE TO PRI_RUN MODE
B~ e o L o L ;-a»ozloaim!oﬂozloa
INTOSC /=" / : [ ! s L K
Multiplexer W\Iuw—\—j ? T
OSC1 e AT "V ‘T‘!jl"‘l’l‘lxlll‘!j Smm \_
Y -— TOST o W, Tp,_,_m v,
PLL Clock ‘ L - A
Output : wwmm
; ' ' Clock® ' f ' ' : ' '
) ' / "7 Transition - S F
CPU Clack : : : VN
Peripheral ' . { i : 1 v d (o ot
Cook 7\ . Lt /2t aUAUAVATA VAN
Program ‘ : : '
Coliia: + PC : ¢ PC+2 X _PC+4
SC81:SCS0 bits Changed OSTS bit Set
Note 1: TosT= 1024 Tosc; TPLL= 2 ms (approx). These intervals are not shown to scale.
2:  Clock transition typically occurs within 2-4 Tosc.
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3.3

The Power-Managed Sleep mode in the
PIC18F2455/2550/4455/4550 devices is identical to
the legacy Sleep mode offered in all other PICmicro
devices. It is entered by clearing the IDLEN bit (the
default state on device Reset) and executing the
SLEEP instruction. This shuts down the selected
oscillator (Figure 3-5). All clock source status bits are
cleared.

Sleep Mode

Entering the Sleep mode from any other mode does not
require a clock switch. This is because no clocks are
needed once the controller has entered Sleep. If the
WDT is selected, the INTRC source will continue to
operate. If the Timer1 oscillator is enabled, it will also
continue to run,

When a wake event occurs in Sleep mode (by interrupt,
Reset or WDT time-out), the device will not be clocked
until the clock source selected by the SCS1:SCS0 bits
becomes ready (see Figure 3-6), or it will be clocked
from the internal oscillator block if either the
Two-Speed Start-up or the Fail-Safe Clock Monitor are
enabled (see Section 25.0 “Special Features of the
CPU”). In either case, the OSTS bit is set when the
primary clock is providing the device clocks. The
IDLEN and SCS bits are not aifected by the wake-up.

3.4 Idle Modes

The Idle modes allow the controller's CPU to be
selectively shut down while the peripherals continue to
operate. Selecting a particular Idle mode allows users
to further manage power consumption.

If the IDLEN bit is set to a ‘1’ when a SLEEP instruction is
executed, the peripherals will be clocked from the clock
source selected using the SCS1:SCSO0 bits; however, the
CPU will not be clocked. The clock source status bits are
not affected. Setting IDLEN and executing a SLEEP
instruction provides a quick method of switching from a
given Run mode to its corresponding Idle mode.

If the WDT is selected, the INTRC source will continue
to operate. If the Timer1 oscillator is enabled, it will also
continue to run,

Since the CPU is not executing instructions, the only
exits from any of the Idle modes are by interrupt, WDT
time-out or a Reset. When a wake event occurs, CPU
execution is delayed by an interval of Tcsp
(parameter 38, Table 28-12) while it becomes ready to
execute code. When the CPU begins executing code,
it resumes with the same clock source for the current
Idle mode. For example, when waking from RC_IDLE
mode, the internal oscillator block will clock the CPU
and peripherals (in other words, RC_RUN mode). The
IDLEN and SCS bits are not affected by the wake-up.

While in any Idle mode or the Sleep mode, a WDT
time-out will result ina WDT wake-up to the Run mode
currently specified by the SCS1:SCS0 bits.

FIGURE 3-5: TRANSITION TIMING FOR ENTRY TO SLEEP MODE
O1f02|03|O4|Q1--'------*'---------'--""*----:-'-:---*:---1'---:- ----- e
0SC1 A #11) > w ARy §
cry : o )
Clock JU_U_\J_\ ; ; : : T T T ;
Peripheral I o, Mo Jyy . .
o el NN T — e
Sleep 73 3 ; ; ; ; ; )
T NN Y, PGz ; "
FIGURE 3-6: TRANSITION TIMING FOR WAKE FROM SLEEP (HSPLL)
osc1 |
| ~—TosTl! TeLlt) X : Poaoq 8
PLGlock | | ACAURSQUaE avatatatave
CPU Clock I / ' /
Peripheral ;
Clock g X k _ i ; ! y % i s :
’ggg;g;;; : PC LM PC+4 X PC+6
Wake Event OSTS bit Set
Note1: TosT = 1024 Tosc; TpLL = 2 ms (approx). These intervals are not shown fo scale.
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3.4.1 PRI_IDLE MODE

This mode is unique among the three Low-Power Idle
modes in that it does not disable the primary device
clock. For timing sensitive applications, this allows for
the fastest resumption of device operation, with its
more accurate primary clock source, since the clock
source does not have to “warm up” or transition from
another oscillator.

PRI_IDLE mode is entered from PRI_RUN mode by
setting the IDLEN bit and executing a SLEEP instruc-
tion. If the device is in another Run mode, set IDLEN
first, then clear the SCS bits and execute SLEEP.
Although the CPU is disabled, the peripherals continue
to be clocked from the primary clock source specified
by the FOSC3:FOSCO configuration bits. The OSTS bit
remains set (see Figure 3-7).

When a wake event occurs, the CPU is clocked from the
primary clock source. A delay of interval Tesp is
required between the wake event and when code
execution starts. This is required to allow the CPU to
become ready to execute instructions. After the
wake-up, the OSTS bit remains set. The IDLEN and
SCS bits are not affected by the wake-up (see
Figure 3-8).

34.2 SEC_IDLE MODE

In SEC_IDLE mode, the CPU is disabled but the
peripherals continue to be clocked from the Timerd
oscillator. This mode is entered from SEC_RUN by set-
ting the IDLEN bit and executing a SLEEP instruction. If
the device is in another Run mode, set IDLEN first, then
set SCS1:SCS0 to ‘01’ and execute SLEEP. When the
clock source is switched to the Timer1 oscillator, the
primary oscillator is shut down, the OSTS bit is cleared
and the T1RUN bit is set,

When a wake event occurs, the peripherals continue to
be clocked from the Timer1 oscillator. After an interval
of Tcsp following the wake event, the CPU begins exe-
cuting code being clocked by the Timer1 oscillator. The
IDLEN and SCS bits are not affected by the wake-up;
the Timer1 oscillator continues to run (see Figure 3-8).

-.Note:  The Timer{ oscill eady be

g runnmg prior to ente; g SEC !DLE mode“

If-the* T1OSCEN bit is not set when the
SLEEP instruction is executed, the SLEEP
instruction-will be ignored and entry to
SEC_IDLE mode will not occur. If the
Timer1 oscillator is. enabled but not yet
running, peripheral clocks will be delayed
until the oscillator has. started. In such
situations, initial oscillator operation is far
from stable and unpredictable operation

may. result.
FIGURE 3-7: TRANSITION TIMING FOR ENTRY TO IDLE MODE
| oo | 3 ML LI, AVAGRERERS N BIILIY 9k w |} -
osci ; / /
CPU Clock /_\_:/-_\_:/—\_/_\ :
Peripheral ; ; : !
Clock !
Program  y— 29 3 PeTZ
FIGURE 3-8: TRANSITION TIMING FOR WAKE FROM IDLE TO RUN MODE
| Q1 -mmmmm e e g g - e -~ | Qz | Q3 | Q4
OSCT T L A L e
CPU Clock ! L / \ / S S \
Peripheral /‘—ﬁ /_:—\ ,r——\ 8 s \—"m
Clock , ! \ ) \
P m . : : * ! ! '
EBinter — : : EC : i .
Wake Event ‘
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3.4.3 RC_IDLE MODE

In RC_IDLE mode, the CPU is disabled but the periph-
erals continue to be clocked from the internal oscillator
block using the INTOSC multiplexer. This mode allows
for controllable power conservation during Idle periods.

From RC_RUN, this mode is entered by setting the
IDLEN bit and executing a SLEEP instruction. If the
device is in another Run mode, first set IDLEN, then set
the SCS1 bit and execute SLEEP. Although its value is
ignored, it is recommended that SCSO0 also be cleared;
this is to maintain software compatibility with future
devices. The INTOSC multiplexer may be used to
select a higher clock frequency by modifying the IRCF
bits before executing the SLEEP instruction. When the
clock source is switched to the INTOSC multiplexer, the
primary oscillator is shut down and the OSTS bit is
cleared.

If the IRCF bits are set to any non-zero value, or the
INTSRC bit is set, the INTOSC output is enabled. The
IOFS bit becomes set, after the INTOSC output
becomes stable, after an interval of TiOBST
(parameter 39, Table 28-12). Clocks to the peripherals
continue while the INTOSC source stabilizes. If the
IRCF bits were previously at a non-zero value, or
INTSRC was set before the SLEEP instruction was
executed and the INTOSC source was already stable,
the IOFS bit will remain set. If the IRCF bits and
INTSRC are all clear, the INTOSC output will not be
enabled, the IOFS bit will remain clear and there will be
no indication of the current clock source.

When a wake event occurs, the peripherals continue to
be clocked from the INTOSC multiplexer. After a delay
of Tcsp following the wake event, the CPU begins
executing code being clocked by the INTOSG multi-
plexer. The IDLEN and SCS bits are not affected by the
wake-up. The INTRC source will continue to run if
either the WDT or the Fail-Safe Clock Monitor is
enabled.

3.5 Exiting Idle and Sleep Modes

An exit from Sleep mode or any of the Idle modes is
triggered by an interrupt, a Reset or a WDT time-out.
This section discusses the triggers that cause exits
from power-managed moedes. The clocking subsystem
actions are discussed in each of the power-managed
modes (see Section 3.2 “Run Modes”, Section 3.3
“Sleep Mode” and Section 3.4 “Idle Modes™).

3.5.1 EXIT BY INTERRUPT

Any of the available interrupt sources can cause the
device to exit from an Idle mode, or the Sleep mode, to
a Run mode. To enable this functionality, an interrupt
source must be enabled by setting its enable bit in one
of the INTCON or PIE registers. The exit sequence is
initiated when the corresponding interrupt flag bit is set.

On all exits from Idle or Sleep modes by interrupt, code
execution branches to the interrupt vector if the
GIE/GIEH bit (INTCON<7>) is set. Otherwise, code
execution continues or resumes without branching
(see Section 9.0 “Interrupts”).

A fixed delay of interval Tcso following the wake event
is required when leaving Sleep and Idle modes. This
delay is required for the CPU to prepare for execution.
Instruction execution resumes on the first clock cycle
following this delay.

3.5.2 EXIT BY WDT TIME-OUT

A WDT time-out will cause different actions depending
on which power-managed mode the device is in when
the time-out occurs.

If the device is not executing code (all Idle modes and
Sleep mode), the time-out will result in an exit from the
power-managed mode (see Section3.2 “Run
Modes” and Section 3.3 “Sleep Mode”). If the device
is_executing code (all Run modes), the time-out will
resultin a WDT Reset (see Section 25.2 “Watchdog
Timer (WDT)").

The WDT timer and postscaler are cleared by execut-
ing @ SLEEP or CLRWDT instruction, the loss of a
currently selected clock source (if the Fail-Safe Clock
Monitor is enabled) and modifying the IRCF bits in the
OSCCON register if the internal oscillator block is the
device clock source.

3.6.3 EXIT BY RESET

Normally, the device is held in Reset by the Oscillator
Start-up Timer (OST) until the primary clock becomes
ready. At that time, the OSTS bit is set and the device
begins executing code. If the internal oscillator block is
the new clock source, the IOFS bit is set instead.

The exit delay time from Reset to the start of code
execution depends on both the clock sources before
and after the wake-up and the type of oscillator if the
new clock source is the primary clock. Exit delays are
summarized in Table 3-2.

Code execution can begin before the primary clock
becomes ready. If either the Two-Speed Start-up (see
Section 25.3 “Two-Speed Start-up”) or Fail-Safe
Clock Monitor (see Section 25.4 “Fail-Safe Clock

103

Monitor”) is enabled, the device may begin execution '

as soon as the Reset source has cleared. Execution is
clocked by the INTOSC multiplexer driven by the
internal oscillator block. Execution is clocked by the
internal oscillator block until either the primary clock
becomes ready or a power-managed mode is entered
before the primary clock becomes ready; the primary
clock is then shut down.

© 2004 Microchip Technology Inc.
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354 EXIT WITHOUT AN OSCILLATOR

START-UP DELAY

Certain exits from power-managed modes do not
invoke the OST at all. There are two cases:

* PRI_IDLE mode where the primary clock source

is not stopped; and

* the primary clock source is not any of the XT or

HS modes.

In these instances, the primary clock source either
does not require an oscillator start-up delay, since it is
already running (PRI_IDLE), or normally does not
require an oscillator start-up delay (EC and any internal
oscillator modes). However, a fixed delay of interval
Tcsp following the wake event is still required when
leaving Sleep and Idle modes to allow the CPU to
prepare for execution. Instruction execution resumes
on the first clock cycle following this delay.

TABLE 3-2: EXIT DELAY ON WAKE-UP BY RESET FROM SLEEP MODE OR ANY IDLE MODE
(BY CLOCK SOURCES)

Microcontroller Clock Source Exit Delay Clock Ready Status
Before Wake-up After Wake-up Bit (OSCCON)
XT, HS
Primary Device Clock XTPLL, HSPLL = OSTS
(PRI_IDLE mode) EC
INTOSC®) IOFS
XT, HS TosT{®
XTPLL, HSPLL TOST + 1.9 TS
T10SC or INTRC™ ¢HY - o
EC Tcsp®
INTOSC@) TioesT®) IOFS
XT, HS TosT(®)
@
INTOSGE) XTPLL, HSPLL TOST + g OSTS
EC Tcsp®
INTOSC®) None IOFS
XT, HS TosT{d
None XTPLL, HSPLL TosT + t, . OSTS
(Sleep mode) EC Tcsolf?)
INTOSC®) TioesT®) IOFS

Note 1: In this instance, refers specifically to the 31 kHz INTRC clock source.
2: Tcso (parameter 38, Table 28-12) is a required delay when waking from Sleep and all Idle modes and runs
concurrently with any other required delays (see Section 3.4 “Idle Modes”).
3: Includes both the INTOSC 8 MHz source and postscaler derived frequencies.
4: TosT is the Oscillator Start-up Timer period (parameter 32, Table 28-12). ., is the PLL lock time-out
(parameter F12, Table 28-9); it is also designated as TPLL.
5:  Execution continues during TIOBST (parameter 39, Table 28-12), the INTOSC stabilization period.
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4.0 RESET A simplified block diagram of the On-Chip Reset Circuit
is shown in Figure 4-1.

The PIC18F2455/2550/4455/4550 devices differentiate

between various kinds of Reset: a1 RCON Register

a) Power-on Reset (POR)

———— Device Reset events are tracked through the RCON
b) MCLR Reset during normal operation : il

register (Register 4-1). The lower five bits of the regis-

¢) MCLR Reset during power-managed modes ter indicate that a specific Reset event has occurred. In
d) Watchdog Timer (WDT) Reset (during most cases, these bits can only be cleared by the event

execution) and must be set by the application after the event. The
e) Programmable Brown-out Reset (BOR) state of these flag bits, taken together, can be read to

indicate the type of Reset that just occurred. This is
described in more detail in Section 4.6 “Reset State
of Registers”.

f)  RESET Instruction
g) Stack Full Reset

h) Stack Underflow Reset ) )

i ) ) S The RCON register also has control bits for setting
This section discusses Resets generated by MCLR, interrupt priority (IPEN) and software control of the
POR and BOR and covers the operation of the various BOR (SBOREN). Interrupt priority is discussed in
start-up timers. Stack Reset events are covered in Section 9.0 “Interrupts”. BOR is covered in
Section 5.1.2.4 “Stack Full and Underflow Resets”. Section 4.4 “Brown-out Reset (BOR)”.

WDT Resets are covered in Section 25.2 “Watchdog
Timer (WDT)”.

FIGURE 4-1: SIMPLIFIED BLOCK DIAGRAM OF ON-CHIP RESET CIRCUIT

RESET
Instruction

Stack Stack Full/Underflow Reset
Pointer

E {>¢ External Reset

—_— MGLRE——
MCLR 3
_BLE
Sieep

WDT
Time-out

| VDD Rise| POR Pulse
Detect

Brown-out

Reset )
BOREN S
OST/PWRT

1024 Cycles I |

OosT Y Chip_Reset

10-bit Ripple Counter | R Ql—-
0SC1 | |
|

l &
32 us

9]

| PWRT 65.5 ms
| INTRCO) 11-bit Ripple Counter l—ﬂ““\

Enable PWRT

Enable OST®@

Note 1: This is the INTRC source from the internal oscillator block and is separate from the RC oscillator of the CLKI pin.
2: See Table 4-2 for time-out situations.
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REGISTER 4-1:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

RCON: RESET CONTROL REGISTER

RW-0  R/w-1) U-0 R/W-1 R-1 R-1 RW-0@)  RAWN-0
IPEN | SBOREN | — Al 70 PD POR BOR
bit 7 bit 0

IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts

0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)
SBOREN: BOR Software Enable bit(")

If BOREN1:BORENO = 01:

1 = BOR is enabled

0 = BOR is disabled

If BOREN1:BORENO = 00,10 Or 11:

Bit is disabled and read as ‘0’

Unimplemented: Read as ‘0’

RI: RESET Instruction Flag bit

1 = The RESET instruction was not executed (set by firmware only)

0 = The RESET instruction was executed causing a device Reset (must be set in software after
a Brown-out Reset occurs)

TO: Watchdog Time-out Flag bit

1 = Set by power-up, CLRWDT instruction or SLEEP instruction

0 = AWDT time-out occurred

PD: Power-Down Detection Flag bit

1 = Set by power-up or by the CLRWD'T instruction

0 = Set by execution of the SLEEP instruction

POR: Power-on Reset Status bit(?

1 = A Power-on Reset has not occurred (set by firmware only)

0.= A Power-on Reset occurred (must be set in software after a Power-on Reset occurs)

BOR: Brown-out Reset Status bit

1 = A Brown-out Reset has not occurred (set by firmware only)

0 = A Brown-out Reset occurred (must be set in software after a Brown-out Reset occurs)

Note 1: If SBOREN is enabled, its Reset state is '1’; otherwise, it is ‘0’.

2: The actual Reset value of POR is determined by the type of device Reset. See the
notes following this table and Section 4.6 “Reset State of Registers” for
additional information.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

Note 1: It is recommended that the POR bit-be set after a Power-on Reset has been
detected so that subsequent Power-on Resets may be detected.

2: Brown-out Reset is said to have occurred when BOR is ‘0’ and POR is ‘1’ (assuming
that POR was set to ‘1’ by software immediately after POR).
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4.2 Master Clear Reset (MCLR)

The MCLR pin provides a method for triggering an
external Reset of the device. A Reset is generated by
holding the pin low. These devices have a noise filter in
the MCLR Reset path which detects and ignores small
pulses.

The MCLR pin is not driven low by any internal Resets,
including the WDT.

In PIC18F2455/2550/4455/4550 devices, the MCLR
input can be disabled with the MCLRE configuration bit.
When MCLR is disabled, the pin becomes a digital
input. See Section 10.5 “PORTE, TRISE and LATE
Registers” for more information.

FIGURE 4-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR
SLOW Vpp POWER-UP)
VDD VDD
R
R1 .
MCLR
C PIC18FXXXX

I

Note 1: External Power-on Reset circuit is required
only if the VDb power-up slope is too slow.
4.3 Power-on Reset (POR) Thg diode D he?ps discgargep the capacitor
A Power-on Reset pulse is generated on-chip quickly Wheh VOO poiers dowi:
whenever VoD rises above a certain threshold. This 2 R <40 kais recommended to make sure that
allows the device to start in the initialized state when t:e voltage drop across R does not violate
VDD is adequate for operation. the device's electrical specification.
7 4 ) 3\ 3: R1 = 1 kQ will limit any current flowing into
To take advantage of the POR circuitry, tie the MCLR pin MCLR from external capacitor C, in the event
through a resistor (1 kQ to 10 kQ) to Vop. This will of MCLR/VPP pin breakdown, due to Electro-
eliminate external RC components usually needed to static  Discharge (ESD) or Electrical
create a Power-on Reset delay. A minimum rise rate for Overstress (EOS).
VDD is specified (parameter D004, Section 28.1 “DC
Characteristics”). For a slow rise time, see Figure 4-2.
When the device starts normal operation (i.e., exits the
Reset condition), device operating parameters (volt-
age, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in Reset until the operating
conditions are met.
POR events are captured by the POR bit (RCON<15).
The state of the bit is set to ‘0’ whenevera POR occurs;
it does not change for any other Reset event. POR is
not reset to ‘1’ by any hardware event. To capture
multiple events, the user manually resets the bit to "1’
in software following any POR.
® 2004 Microchip Technalogy Inc. Preliminary DS39632B-page 45
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4.4 Brown-out Reset (BOR)

PIC18F2455/2550/4455/4550 devices implement a
BOR circuit that provides the user with a number of
configuration and power-saving options. The BOR
is controlled by the BORV1:BORVO and
BOREN1:BORENO configuration bits. There are a total
of four BOR configurations which are summarized in
Table 4-1.

The BOR threshold is set by the BORV1:BORVO bits. If
BOR is enabled (any values of BOREN1:BORENO
except ‘00’), any drop of VDD below VBOR (parameter
D005, Section 28.1 “DC Characteristics”) for
greater than TBOR (parameter 35, Table 28-12) will
reset the device. A Reset may or may not occur if VDD
falls below VBOR for less than TBOR. The chip will
remain in Brown-out Reset until VDD rises above VBOR.

If the Power-up Timer is enabled, it will be invoked after
VDD rises above VBOR; it then will keep the chip in
Reset for an additional time delay, TPWRT
(parameter 33, Table 28-12). If VDD drops below VBOR
while the Power-up Timer is running, the chip will go
back into a Brown-out Reset and the Power-up Timer
will be initialized. Once VDD rises above VBOR, the
Power-up Timer will execute the additional time delay.

BOR and the Power-on Timer (PWRT) are
independently configured. Enabling BOR Reset does
not automatically enable the PWRT.

4.41 SOFTWARE ENABLED BOR

When BOREN1:BORENO = 01, the BOR can be
enabled or disabled by the user in software. This is
done with the control bit, SBOREN (RCON<6>).
Setting SBOREN enables the BOR to function as
previously described. Clearing SBOREN disables the
BOR entirely. The SBOREN bit operates only in this
mode; otherwise, it is read as ‘0'.

Placing the BOR under software control gives the user
the additional flexibility of tailoring the application to its
environment without having to reprogram the device to
change BOR configuration. It also allows the user to
tailor device power consumption in software by elimi-
nating the incremental current that the BOR consumes.
While the BOR current is typically very small, it may
have some impact in low-power applications.

Note: ~ Evenwhen BOR is under software control,
the BOR Reset voltage level is still set by
the BORV1:BORVO configuration: bits. It
cannot be changed in software.

4.4.2 DETECTING BOR

When BOR is enabled, the BOR bit always resets to ‘0’
on any BOR or POR event. This makes it difficult to
determine if a BOR event has occurred just by reading
the state of BOR alone. A more reliable method is to
simultaneously check the state of both POR and BOR.
This assumes that the POR bit is reset to ‘1’ in software
immediately after any POR event. IF BOR is ‘0" while
PORis‘1', it can be reliably assumed that a BOR event
has occurred.

443 DISABLING BOR IN SLEEP MODE

When BOREN1:BORENO = 10, the BOR remains
under hardware control and operates as previously
described. Whenever the device enters Sleep mode,
however, the BOR is automatically disabled. When the
device returns to any other operating mode, BOR is
automatically re-enabled,

This mode allows for applications to recover from
brown-out situations, while actively executing code,
when the device requires BOR protection the most. At
the same time, it saves additional power in Sleep mode
by eliminating the small incremental BOR current.

TABLE 4-1: BOR CONFIGURATIONS
BOR Configuration Status of
SBOREN BOR Operation
BORENT1 BORENO (RCON<6>)
0 Unavailable |BOR disabled; must be enabled by reprogramming the configuration bits.
1 Available BOR enabled in software; operation controlled by SBOREN.
1 o} Unavailable |BOR enabled in hardware in-Run and ldle modes, disabled during Sleep
mode.
1 1 Unavailable | BOR enabled in hardware; must be disabled by reprogramming the
configuration bits.
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4.5 Device Reset Timers

PIC18F2455/2550/4455/4550 devices incorporate
three separate on-chip timers that help regulate the
Power-on Reset process. Their main function is to
ensure that the device clock is stable before code is
executed. These timers are:

* Power-up Timer (PWRT)
« QOscillator Start-up Timer (OST)
¢ PLL Lock Time-out

4.5.1 POWER-UP TIMER (PWRT)

The Power-up Timer (PWRT) of PIC18F2455/2550/
4455/4550 devices is an 11-bit counter which uses the
INTRC source as the clock input. This yields an
approximate time interval of 2048 x 32 pus = 65.6 ms.
While the PWRT is counting, the device is held in
Reset.

The power-up time delay depends on the INTRC clock
and will vary from chip to chip due to temperature and
process variation. See DC parameter 33 (Table 28-12)
for details.

The PWRT is enabled by clearing the PWRTEN
configuration bit.

452 OSCILLATOR START-UP
TIMER (OST)

The Oscillator Start-up Timer (OST) provides a 1024
oscillator cycle (from OSC1 input) delay after the
PWRT delay is over (parameter 33, Table 28-12). This
ensures that the crystal oscillator or resonator has
started and stabilized.

The OST time-out is invoked only for XT, HS and
HSPLL modes and only on Power-on Reset or on exit
from most power-managed modes.

45.3 PLL LOCK TIME-OUT

With the PLL enabled in its PLL mode, the time-out
sequence following a Power-on Reset is slightly differ-
ent from other oscillator modes. A separate timer is
used to provide a fixed time-out that is sufficient for the
PLL to lock to the main oscillator frequency. This PLL
lock time-out (TPLL) is typically 2 ms and follows the
oscillator start-up time-out.

45.4 TIME-OUT SEQUENCE
On power-up, the time-out sequence is as follows:

1. After the POR condition has cleared, PWRT
time-out is invoked (if enabled).

2. Then, the OST is activated.

The total time-out will vary based on oscillator configu-
ration and the status of the PWRT. Figure 4-3,
Figure 4-4, Figure 4-5, Figure 4-6 and Figure 4-7 all
depict time-out sequences on power-up, with the
Power-up Timer enabled and the device operating in
HS Oscillator mode. Figures 4-3 through 4-6 also apply
to devices operating in XT mode. For devices in RC
mode and with the PWRT disabled, on the other hand,
there will be no time-out at all.

Since the time-outs occur from the POR pulse, if MCLR
is kept low long enough, all time-outs will expire. Bring-
ing MCLR high will begin execution immediately
(Figure 4-5). This is useful for testing purposes or to
synchronize more than one PIC18FXXXX device
operating in parallel.

TABLE 4-2:  TIME-OUT IN VARIOUS SITUATIONS

Oscillator Power-up®® and Brown-out Exit from

Configuration PWRTEN = 0 PWRTEN = 1 Power-Managed Mode

HS, XT 66 ms!") + 1024 Tosc 1024 Tosc 1024 Tosc
HSPLL, XTPLL 66 ms!! + 1024 Tosc + 2 ms® 1024 Tosc + 2 ms(? 1024 Tosc + 2 ms®
EC, ECIO 66 ms() — —
ECPLL, ECPIO 66 ms(" + 2 ms® 2 mst? 2 ms?
INTIO, INTCKO 66 ms(" — —
INTHS, INTXT 66 ms{!) + 1024 Tosc 1024 Tosc 1024 Tosc

Note 1: 66 ms (65.5 ms) is the nominal Power-up Timer (PWRT) delay.
2: 2 ms is the nominal time required for the PLL to lock.

© 2004 Microchip Technology Inc.
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FIGURE 4-3: TIME-OUT SEQUENCE ON POWER-UP (MCLR TIED TO Vbp, VDD RISE < TPWRT)

VDD L/

MCLR ‘e

INTERNAL POR _—f i

TPWRT

PWHT TIME-OUT - TOST—!

OST TIME-OUT

INTERNAL RESET

FIGURE 4-4: TIME-OUT SEQUENCE dN POWER-UP (MCLR NOT TIED TO VpD): CASE 1
wo A2

MCLR =

INTERNAL POR —]

TPWRT

PWRT TIME-QUT :.-—TOST AN

OST TIME-OUT

INTERNAL RESET

FIGURE 4-5: TIME-OUT SEQUENCE ON POWER-UP (MCLR NOT TIED TO VbD): CASE 2

VoD _ﬁ__/ :
MCLR . A

NTERNALPOR | \ i

TPWRT ' '

PWRT TIME-QUT 1 a—TOST —+t

OST TIME-OUT '

INTERNAL RESET
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FIGURE 4-6: SLOW RISE TIME (MCLR TIED TO Vbb, VDD RISE > TPWRT)
5V

VoD oV . 1V
MCLR =,
INTERNAL POR ]

i

-—.:
. TPWRT .
PWRT TIME-OUT ‘ i

L

b —_—
' .
'

OST TIME-OUT

INTERNAL RESET

FIGURE 4-7: TIME-OUT SEQUENCE ON POR W/PLL ENABLED (MCLR TIED TO VDD)

VDD —J

MCLR -J

INTERNAL POR ‘l g

j~———= TPWRT

PWRT TIME-OUT '+ TOS T

L TPLL—-—E
|
|

OST TIME-OUT

PLL TIME-QUT

INTERNAL RESET

Note: TosT = 1024 clock cycles.
TPLL =2 ms max. First three stages of the PWRT timer.
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4.6 Reset State of Registers

Most registers are unaffected by a Reset. Their status
is unknown on POR and unchanged by all other
Resets. The other registers are forced to a “Reset
state” depending on the type of Reset that occurred.

Most registers are not affected by a WDT wake-up,
since this is viewed as the resumption of normal oper-
ation. Status bits from the RCON register, RI, TO, PD,
POR and BOR, are set or cleared differently in different
Reset situations as indicated in Table 4-3. These bits
are used in software to determine the nature of the

Reset.

Table 4-4 describes the Reset states for all of the
Special Function Registers. These are categorized by
Power-on and Brown-out Resets, Master Clear and
WDT Resets and WDT wake-ups.

TABLE 4-3: STATUS BITS, THEIR SIGNIFICANCE AND THE INITIALIZATION CONDITION
FOR RCON REGISTER
N Program RCON Register STKPTR Register
Condition c t —— Ty Ererey (—— e
_ ountér | SBOREN | Rl | TO | PD |POR|BOR| STKFUL | STKUNF
Power-on Reset 0000h 1 1 1 1 0 0 0
RESET Instruction 0000h u@ 0 u u u u u
Brown-out 0000h u® 1 1 i u 0
MCLR during Power-Managed 0000h u@ u 1 u u u u u
Run modes
MCLR during Power-Managed 0000h ul?) u 1 0 u u u u
Idle modes and Sleep mode
WDT Time-out during Full Power | 0000h uf?) u 0 w s u u u
or Power-Managed Run modes
MCLR during Full Power 0000h ul@ ING Y & ——— [\ u u
Execution
Stack Full Reset (STVREN = 1) 0000h ul? u | u u | u 3 u
Stack Underflow Reset 0000h u? u u u u u
(STVREN =1)
Stack Underflow Error (not an 0000h ul?) ST A ™ L™ T u 1
actual Reset, STVREN = 0)
WDT Time-out during PG 2 u@ u 0 0 u u u u
Power-Managed Idle or Sleep
modes
Interrupt Exit from PC +2 u? u u 0 u u u u
Power-Managed modes

Legend: u = unchanged

Note 1: When the wake-up is due to an interrupt and the GIEH or GIEL bits are set, the PC is loaded with the

interrupt vector (008h or 0018h).

2:  Reset state is ‘1" for POR and unchanged for all other Resets when software BOR is enabled
(BOREN1:BORENO configuration bits = 01 and SBOREN = 1); otherwise, the Reset state is ‘0",
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MICROCHIP MCP3204/3208

2.7V 4-Channel/8-Channel 12-Bit A/D Converters
with SPI™

FEATURES PACKAGE TYPES
= 12-hit resolution PDIP, SOIC, TSSOP
* +1LSB max DNL cHod1 7 141 Vg
* +1LSB max INL (MCP3204/3208'B) CH1[2 = 1311 Ve
e + 2 LSB max INL (MCP3204/3208-C) CH2[]3 ¢ 1200 AGND
* 4 (MCP3204) or 8 (MCP3208) input channels cH3ga 8 1pcK
* Analog inputs programmable as single-ended or NCOs5 & 100Dy,
pseudo differential pairs NCOe = 9pDy
* On-chip sample and hold L 81 cs/SHON
« SPI"™ serial interface (modes 0,0 and 1,1)
« Single supply operation: 2.7V - 5.5V
* 100ksps max. sampling rate at V5 = 5V PDIP, SOIC
* 50ksps max. sampling rate at Vg, = 2.7V
+ Low power CMOS technology = T = AT
- 500 nA typical standby current, 2uA max. g:; Eg " :ig:RGEED
- 400 pA max. active current at 5V chads 2 1abcik
* Industrial temp range: -40°C to +85°C CH4 O5 3 1211 Dgyr
+ Available in PDIP, SOIC and TSSOP packages cis e S 1[0,
CHe O7 10 C5
APPLICATIONS A R 1 *
« Sensor Interface
* Process Control
- Data Acquistidh FUNCTIONAL BLOCK DIAGRAM
* Battery Operated Systems :
I VDD VSS
DESCRIPTION Ve L _l
L€ O — . & 8F i |
The Microchip Technology Inc. MCP3204/3208 CHO |
devices are successive approximation 12-bit Ana- CH1 Input
log-to-Digital (A/D) Converters with on-board sample 1\l Spannel !
and hold circuitry. The MCP3204 is programmable to cH7 ] |
provide two pseudo-differential input pairs or four sin- | l Comparator |
gle-ended inputs. The MCP3208 is programmable to | Samplo 12-Bit SAR | |
provide four pseudo-differential input pairs or eight sin- and |
gle-ended inputs. Differential Nonlinearity (DNL) is ! o
specified at +1LSB, and Integral Nonlinearity (INL) is 1 e ] g |
offered in +1 LSB (MCP3204/3208-B) and 2 LSB [ Register | |
(MCP3204/3208-C) versions. Communication with the | SO s i Pl i J’— —
devices is done using a simple serial interface compat- CS/SHDN D,, CLK D
ible with the SPI protocol. The devices are capable of
conversion rates of up to 100ksps. The MCP3204/3208 e il et il

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

SPlis a trademark of Motorola Inc.
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MCP3204/3208

1.0 ELECTRICAL

CHARACTERISTICS
1:1 Maximum Ratings*
N pissssumsssnesasmenyensasmss o s SR R TS 7.0V
All inputs and outputs w.r.t. Vg ...... -0.6V to Vg +0.6V
Storage temperature ........cccccveceiiiiennn -65°C to +150°C

Ambient temp. with power applied .....-65°C to +125°C
Soldering temperature of leads (10 seconds) .. +300°C
ESD protection on all pins ........cc.covvioeeeeeeeeeeenn. > 4kV

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

ELECTRICAL CHARACTERISTICS

PIN FUNCTION TABLE

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

All parameters apply at Vi, = 5V, Vg = 0V, Ve = 5V, Tyyyg = -40°C 10 +85°C, fguypc = 100ksps and

fouk = 20%fgampLes UNless otherwise noted.
PARAMETER | symBoL | min. | Tve, | max. [uniTs] CONDITIONS
Conversion Rate
Conversion Time teany 12 clock
cycles
Analog Input Sample Time TS AMPLE /5 clock
cycles
Throughput Rate fsamALE 100 ksps | Vpp = Vgee =5V
50 kSpS VDD = VHEF =2 TN
DC Accuracy
Resolution 12 bits
Integral Nonlinearity INL +0.75 +1 LSB |MCP3204/3208-B
+1 +2 MCP3204/3208-C
Differential Nonlinearity DNL +0.5 +1 LSB |No missing codes over
temperature
Offset Error +1.25 +3 LSB
Gain Error +1.25 +5 LSB
Dynamic Performance
Total Harmonic Distortion -82 dB  |VIN=0.1V to 4.9V@1kHz
Signal to Noise and Distortion 72 dB ViIN =0.1V to 4.9V @ 1kHz
(SINAD)
Spurious Free Dynamic 86 dB [VIN=0.1V to 4.9V @ 1kHz
Range
Reference Input
Voltage Range 0.25 Voo Vv Note 2
Current Drain 100 150 HA | __
0.001 3 PA |CS =V, =5V
Analog Inputs
Input Voltage Range for V V, Vv
CHO-CH?7 in Single-Ended = =
Mode
Input Voltage Range for IN+ In IN- VigertIN-
pseudo-differential Mode
Input Voltage Range for IN- In Vgs-100 Vgg+100 | mV
pseudo-differential Mode
Leakage Current 0.001 +1 HA

DS21298B-page 2
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ELECTRICAL CHARACTERISTICS (CONTINUED)

All parameters apply at Vi, = 5V, Vg = OV, Ve = 5V, Tayg = -40°C to +85°C, fgaype = 100ksps and

fouk = 207 f5ampLer UNlEss otherwise noted.
PARAMETER SYMBOL | MIN. | TYP. | MAX. |UNITS | CONDITIONS
Analog Inputs (Continued)
Switch Resistance 1K Q See Figure 4-1
Sample Capacitor 20 pF | See Figure 4-1
Digital Input/Output
Data Coding Format Straight Binary
High Level Input Voltage Vi 0.7 Vg %
Low Level Input Voltage Vi 0.3 Vpp v
High Level Output Voltage Vou 4.1 vV lop =-1MA, V= 4.5V
Low Level Output Voltage Voo 0.4 vV lo = TMA, Vo = 4.5V
Input Leakage Current I -10 10 PA |V =Vggor Vg,
Output Leakage Current If5 -10 10 A, | Vour = Vg OF Vg
Pin Capacitance Gf: Cour 10 pF  [Vpo = 5.0V (Note 1)
(All Inputs/Outputs) Taan= 25°C, =1 MHz
Timing Parameters
Clock Frequency AT 2.0 MHz |V, = 5V (Note 3)
1.0 MHz | Vpg = 2.7V (Note 3)
Clock High Time tiy 250 ns
Clock Low Time to 250 ns
CS Fall To First Rising CLK terk 100 ns
Edge
Data Input Setup Time tay 50 ns
Data Input Hold Time 1.2 50 ns
CLK Fall To Output Data Valid too 200 ns | See Test Circuits, Figure 1-2
CLK Fall To Output Enable ten 200 ns | See Test Circuits, Figure 1-2
CS Rise To Output Disable tsis 100 ns | See Test Circuits, Figure 1-2
CS Disable Time ey 500 ns
Dgyy Rise Time ty 100 ns - |See Test Circuits, Figure 1-2
(Note 1)
Dgyr Fall Time te 100 ns | See Test Circuits, Figure 1-2
(Note 1)
Power Requirements
Operating Voltage Voo 2.7 5.8 v
Operating Current lsp 320 400 HA | Vpp = Vagr = 5V, Dgyr unloaded
225 Voo = Vger = 2.7V, Dgyr unloaded
Standby Current lons 0.5 2 WA | CS =V, = 5.0V

Note 1:
Note 2:
Note 3:

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

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

cs /7
tsues e /
tHl lLD
e\
CLK __/_
|~
tsu tH[]
D MSB IN ey X DL
H%
t tuil-- ﬂ-tn tF ‘DFS
. —| |-—
= . 5 b
Dour 7/ | NULL BIT MSB OUT i . LSB

FIGURE 1-1:  Serial Interface Timing.

Load circuit for tg, te tye

DC)UT

C,=100pF

§ 3K Test Point
O

f,

/A

Voltage Waveforms for tp, t-

—————— Vo,

DOUT

Voltage Waveforms for t

Load circuit for tys and tg,

Test Point

Voo {pig Waveform 2

3K Vpp/2
B O——— gy Waveform

_-[1 00pF tpis Waveform 1
e Vss

Voltage Waveforms for tg,,

CLK

DOUT

tEN

Voltage Waveforms for tg g

Cs Viy
CLK
Doyr 90%
tug Waveform 1*
TDIS
Dour
Dour 10%

Waveform 2t

* Waveform 1 is for an output with internal condi-

tions such that the output is high, unless dis-

abled by the output control.

1 Waveform 2 is for an output with internal condi-
tions such that the output is low, unless disabled
by the output control.

FIGURE 1-2: Test Circuits.
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2.0 TYPICAL PERFORMANCE CHARACTERISTICS
Note: Unless otherwise indicated, Vi, = Ve = 5V, Vg = OV, faaypre = 100ksps, fo k= 20" foappie Ta = 25°C
b0 ) o R
0.8 Positive INL = ] st =\
0.6 !
0.4 s 9 Positive INL N
o - g
- 0.0 S—— 3 8
Z‘ -0.2 Z 05—
-0.4 Magative INL 1.0 Nogflwe INL
06 = 455 | -
| | ‘
DB “ [ \ 2.0 {
i : 0 10 20 30 40 50 70 80
0 25 50 75 100 125 150
Sample Rate (ksps) Sample Rate (ksps)
FIGURE 2-1:  Integral Nonlinearity (INL) vs. Sample FIGURE 2-4:  Integral Nonlinearity (INL) vs. Sample
Rate. Rate (V,p = 2.7V).
3.0 2.0 1
2.5 \
\ 1.5
?g \ 3.0 \‘ Positiva INL
— 10 \ Positiva INL e, —
o o8 @ 05 e
% 0.0 5_,' 0.0
£ ?2 p INL i . 8 Z 05
-1.5 -/ -1.0 Nagative INL
2.0 1 ! /
25 ! 1.5 4/
-3.0 + 1 2.0 1
0 1 2 3 4 5 6 0.0 05 1.0 1.5 2.0 25 3.0
Vrer (V) Vaer (V)
FIGURE 2-2:  Integral Nonlinearity (INL) vS. Vqee FIGURE 2-5: _ Integral Noniinearity (INL) vs. Vpge
Vop F2.7V)
1.0 Tl . S R 2 . - 1.0 — P -
0.8 0.8 - Voo = Veer =2.7V i
0.6 j 0.6 - Fsawers =50ksps
__ 04 ? [ __ 04 |
D o2 1 - D o2 i
< 00 | f = o0 &
2 0.2 / f g‘ 0.2 79— 7
0.4 0.4
0.6 0.6
0.8 -0.8
-1.0 - ! 1.0 J
0 512 1024 1536 2048 2560 3072 3584 4096 0 512 1024 1536 2048 2560 3072 3584 4096
Digital Code Digital Code
FIGURE 2-3:  Integral Nonlinearity (INL) vs. Code FIGURE 2-6: Integral Nonlinearity (INL) vs. Code

(Representative Part).

(Representative Part, V,, = 2.7V).
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Note: Unless otherwise indicated, Vi, = Vage = 5V, Vgg = OV, fgaypie = 100ksps, g = 20° fsampres Ta = 25°C
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-0.4

T e B
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-1.0 T t
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Temperature (°C)
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0.8 4 Yoo = Ve =27V

Fsuupie = 50ksps

0.6 1 2
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0.4 1— L

0.2

0.0

INL (LSB)

-0.2

-0.4

|

INL

-0.8
!

1.0 .
50 25 0 25 50

Temperature (°C)

75 100

FIGURE 2-7: Nonlinearity

Temperature.

Integral

(INL)  vs.

FIGURE 2-10: Integral  Nonlinearity

Temperature (Vpp = 2.7V).

(INL)  vs.

R ——

0.8

0.6

0.4 Positive DNL ——

0.2

0.2

DNL (LSB)

0.4

0.6 - Noga

0.8
| l

1.0 . ;
0 25 50 75 100
Sample Rate (ksps)

125

150

2
Voo = Vigp =27V

e

1S T

1.0
Pasitiva ONL

0.5

0.0

DNLA(LSB)

0.5 177" Negatve DNL

-1.0

2.0 :
0 10 20 30 40 50
Sample Rate (ksps)

FIGURE 2-8:
Sample Rate.

Differential - Nonlinearity (DNL) vs.

60 70

FIGURE 2-11: Differential = Nonlinearity (DNL) vs.

Sample Rate (V,, = 2.7V).

o J— . i N — = 3.0 - g - , e o
-|- { , Voo = Vge= 2.7V
2.0 +—\ | 2.0 N Faameie = 50ksps —
= \ 4 \ Positive DNL
% 1.0 NS Posiiva DHL % 1.0 -
= o0 i ks
E D Negative DNL E 10 A Negative DNL
-2.0 J 2.0 /
-30 ‘ | -3.0
0 1 2 3 4 5 0.0 0.5 1.0 15 2,0 25 3.0
Vaer (V) Vrer(V)
FIGURE 2-9:  Differential Nonlinearity (DNL) vs. FIGURE 2-12: Differential Nonlinearity (DNL) vs. Vgee
Vier, (Vop =2.7V),
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Note: Unless otherwise indicated, Vg = Vger = 5V, Vg = OV, foaupie = 100ksps, fo = 20" fgampre. Ta = 25°C

0.8 —
0.6 1—— , —
1
i
|
.

0.4 1 |
02 +— |
0.0
0.2 -+ | |
-0.4 H
06 A i
0.8 -
1.0

DNL (LSB)

0 512 1024 1536 2048 2560 3072 3584 4096
Digital Code

FIGURE 2-13: Differential Nonlinearity (DNL) vs.

Code (Representative Part).
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0.4
-0.6
-0.8
-1.0

DNL (LSB)

Negatve DNL
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Temperature (°C)

LT e e
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0.6 1
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0.0
0.2 -

oo 1L L L0 L N A
0.6
-0.8
-1.0

DNL (LSB)

0 512 1024 1536 2048 2560 3072 3584 4096
Digital Code

FIGURE 2-16: Differential Nonlinearity (DNL) vs.
Code (Representative Part, V,, = 2.7V).

-

Faampie = 50ksps

0.6 T
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0.2
0.0
0.2

DNL (LSB)

-0.4 Negative DNL
-0.6

0.8
-1.0

-50 25 Q 25 50 35 100

Temperature (°C)

FIGURE 2-14: Differential Nonlinearity (DNL) vs.

FIGURE 2-17: Differential Nonlinearity (DNL) vs.
Temperature (V= 2.7V).

Temperature.
4 S "0, R
3 L
\ Voo =2.7V
o 2 Fsauere = 50ksps
O
g, b5y
Lsﬂ “'h_.___ o ——
< Vo =5V
S 2 T Fuupie = 100ksps
-3
-4
0 1 2 3 4 5
Vrer(V)

sl o ol
e
& 167 Vg =5V
ﬂ 14 —— Fouupie = 100ksps
=12 >
ug.' 10 \/
[ : A\ Voo =27V
T
2 e
0
0 1 2 3 4 5
Vrer (V)

FIGURE 2-15: Gain Error vs. Vgge.

FIGURE 2-18: Offset Error vs. Vpgr,
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Note: Unless otherwise indicated, Vo = Vigr = 5V, Vgg = 0V, fgaypie = 100ksPS, fox = 20 faaypre Ta = 25°C

0.2 B B e S 2.0 e [ I——f - s,
0.0 f— Vop =V =27V _ 1.8 T
| Fiumpie = SOKsps e Voo = Vg =5V
g a2~ _ g o o |
ﬁ 0.4 {——ro el i, |
S 0.6 -e- 1.2 [ i
c .08 & 8 T
w =5 Voo = Vagr =27V
- 1.01 : = 5 0.8
e p el o Voo = Ver = 5V aU:'-‘ 0.6 Foaupre = 50ksps
2 1.4 _ Fsuups = 100ksps | o 0.4
1.6 0.2
1.8 | | 0.0
-50 -25 0 25 50 75 100 -50 25 0 25 50 75 100
Temperature (°C) Temperature (°C)
FIGURE 2-19: Gain Error vs. Temperature. . FIGURE 2-22: Offset Error'vs. Temperature.
o T ... 100.0 -
90 Voo = Vage = 5V 90.0 L,VDD = Ve = 6V
80 ¥ Fsaure = 100ksps 80.0 ¥ Fsampie = 100ksps
—_ ++H & 70.04
m — [aa] ——l ]| .
o 60 7 2 600 i ——
o A / 2 50.0 Voo = Vien = 2.7\.'/
% A0 Voo = Ver = 2.7V Z 400 Fanvese & S0ksos
0 Fsanme = 50ksps @ 300 f
20 | 7 20.0
10 l ‘ i 10.0
0 0.0
1 10 100 1 10 100
Input Frequency (kHz) Input Frequency (kHz)
FIGURE 2-20: Signal to Noise (SNR) vs. Input FIGURE 2-23: Signal to Noise and Distortion
Frequency. (SINAD) vs. Input Frequency.
0 == - 5
i T 80 T T
-10 — *L 1 i Voo =Vw=5“'\__l s
70 B A b
-20 saupie = 100ksps A
—~ =30 Voo = Vi =27V 9 S0
D 40 s ' A
T Fsaupie = 50ksps T 50 /"r Voo = Ver =2.7V
o -50 O 4 | e E,yunis = 50kaps
I g0 ™ . < ]
= _— = 30
'yl o
-70 T
-80 N Voo = Vaer =5V £
-90 Faaupie = 100ksps - 10
-100 by .
1 10 100 40 35 30 25 20 15 10 5 0
Input Frequency (kHz) Input Signal Level (dB)
FIGURE 2-21: Total Harmonic Distortion (THD) vs. FIGURE 2-24: Signal to Noise and Distortion
Input Frequency. (SINAD) vs. Input Signal Level.
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Note:

Unless otherwise indicated, Vg = Vier = 5V, Vg = OV, foaupLe = 100ksps, fg i = 20” fgaype T = 25°C
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FIGURE 2-25: Effective Number of Bits (ENOB) vs.

VREF.
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FIGURE 2-26: Spurious Free Range

(SFDR) vs. Input Frequency.
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FIGURE 2-29: Power Supply Rejection (PSR) vs.
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Note: Unless otherwise indicated, Vg, = Vg = 5V, Vs = OV, fsampie

= 100ksps, fo x = 20* fgappee, Ta = 26°C
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FIGURE 2-33: |, vs. Temperature.

FIGURE 2-36: |qz- vs. Temperature.
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3.0 PIN DESCRIPTIONS
3.1 CHO - CH7

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

3.2 CS/SHDN(Chip Select/Shutdown

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

3.3 CLK (Serial Clock)

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

34 Din (Serial Data Input)

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

3.5 Dourt (Serial Data output

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

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

Digital ground connection to internal digital circuitry.

4.0 DEVICE OPERATION

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

41 Analog Inputs

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

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

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

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

4.2 Reference Input

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

Digital Output Code = 4096 * V,,,

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

ity in the operation of the reference device will have a
direct effect on the operation of the A/D Converter.
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T CSAMPLE
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Legend
VA = Signal Source
Rs = Source Impedance
CHx = Input Channel Pad
Cpp = Input Capacitance
V; = Threshold Voltage

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

SS = Sampling Switch
Rss = Sampling Switch Resistor
Csamrie = Sample/Hold Capacitance
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FIGURE 4-1: Analog Input Model

G [TT]
= Voo = 5V I
5% = i
= N
oy |
§ 1.5
g \
£ 10 =
= Voo = 2.7V T~ \
S N
£ os At
o N
\
0.0 ]
100 1000 10000
Input Resistance (Ohms)

FIGURE 4-2: Maximum Clock Frequency vs. Input
resistance (Rg) fo maintain less than a 0.1LSB
deviation in INL from nominal conditions.
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5.0 SERIAL COMMUNICATIONS

Communication with the MCP3204/3208 devices is
done using a standard SPl-compatible serial interface.
Initiating communication with either device is done by
bringing the CS line low. See Figure 5-1. If the device
was powered up with the CS pin low, it must be brought
high and back low to initiate communication. The first
clock received with CS low and D, high will constitute
a start bit. The SGL/DIFF bit follows the start bit and will
determine if the conversion will be done using single
ended or differential input mode. The next three bits
(DO, D1 and D2) are used to select the input channel
configuration. Table 5-1 and Table 5-2 show the config-
uration bits for the MCP3204 and MCP3208, respec-
tively. The device will begin to sample the analog input
on the fourth rising edge of the clock after the start bit
has been received. The sample period will end on the
falling edge of the fifth clock following the start bit.

After the DO bit is input, one more clock is required to
complete the sample and hold period (D, is a don't
care for this clock). On the falling edge of the next
clock, the device will output a low null bit. The next 12
clocks will output the result of the conversion with MSB
first as shown in Figure 5-1. Data is always output from
the device on the falling edge of the clock. If all 12 data
bits have been transmitted and the device continues to
receive clocks while the CS is held low, the device will
output the conversion result LSB first as shown in
Figure 5-2. If more clocks are provided to the device
while CS is still low (after the LSB first data has been
transmitted), the device will clock out zeros indefinitely.

If necessary, it is possible to bring CS low and clock in
leading zeros on the D, line hefore the start bit. This is
often done when dealing with microcontroller-based
SPI ports that must send 8 bits at a time. Refer to
Section 6.1 for more details on using the
MCP3204/3208 devices with hardware SPI ports.

CONTROL BIT
SELECTIONS INPUT CHANNEL
sinGLe/| o2 | ot | oo CONFIGURATION | SELECTION
DIFF

1 0 0 | 0 |singleended |CHO
1 0 | 0| 1 |singleended |CH1
1 0 1 0 |single ended CH2
1 0 1 1 [single ended |CH3
1 1 0 | O [single ended |CH4
1 1 0 | 1 |single ended |CHS
1 1 1 0 |single ended CH6
1 1 1 1 | single ended CH7

0 0 0 | 0 |differential CHO = IN+

CH1 = IN-

0 0 0 1 | differential CHO = IN-

CH1 = IN+

0 0 1 0 |differential CH2 = IN+

CH3 = IN-

0 0 1 1 | differential CH2 = IN-

CH3 = IN+

0 1 0 | 0 |differential CH4 = IN+

CHS5 = IN-

0 1 0 | 1 |differential CH4 = IN-

“ CHS5 = IN+

0 1 1 0 |differential CHB6 = IN+

CH7 = IN-

0 1 1 1 |differential CH6 = IN-

CH7 = IN+

CONTROL BIT

SELECTIONS CHANNEL

SELECTION

INPUT
CONFIGURATION

SINGLE/ [ D2* | D1 | DO

DIFF
1 X | 0| O |singleended [CHO
1 X | 0| 1 |single ended |CH1
1 X | 1| 0 |single ended |CH2
1 X 1 1 |single ended |CH3

0 X 0 | 0 |[differential CHO = IN+

CH1 = IN-

0 X | 0| 1 |differential CHO = IN-

CH1 = IN+

0 X 1 | 0 |differential CH2 = IN+

CH3 = IN-

0 X 1 1 | differential CH2 = IN-

CH3 = IN+

*D2 is don't care for MCP3204

TABLE 5-1:  Configuration Bits for the MCP3204.

TABLE 5-2: Configuration Bits for the MCP3208.
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* After completing the data transfer, if further clocks are applied with CS low, the A/D Converter will output LSB
first data, then followed with zeros indefinitely. See Figure 5-2 below.

" toarat during this time, the bias current and the comparator power down while the reference input becomes
a high impedance node, leaving the CLK running to clock out the LSB-first data or zeros.

FIGURE 5-1: Communication with the MCP3204 or MCP3208.
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* After completing the data transfer, if further clocks are applied with CS low, the A/D Converter will output zeros
indefinitely.

"* toarat During this time, the bias circuit and the comparator power down while the reference input becomes a
high impedance node, leaving the CLK running to clock out LSB first data or zeroes.

FIGURE 5-2: Communication with MCP3204 or MCP3208 in LSB First Format.
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6.0 APPLICATIONS INFORMATION

6.1 Using the MCP3204/3208 with
Microcontroller (MCU) SP| Ports

With most microcontroller SPI ports, it is required to
send groups of eight bits. It is also required that the
microcontroller SPI port be configured to clock out data
on the falling edge of clock and latch data in on the rising
edge. Because communication with the MCP3204/3208
devices may not need multiples of eight clocks, it will be
necessary to provide more clocks than are required.
This is usually done by sending ‘leading zeros' before
the start bit. As an example, Figure 6-1 and Figure 6-2
shows how the MCP3204/3208 can be interfaced to a
MCU with a hardware SPI port. Figure 6-1 depicts the
operation shown in SPI Mode 0,0 which requires that the
SCLK from the MCU idles in the ‘low’ state, while
Figure 6-2 shows the similar case of SPl Mode 1,1
where the clock idles in the ‘high’ state.

As shown in Figure 6-1, the first byte transmitted to the
A/D Converter contains five leading zeros before the
start bit. Arranging the leading zeros this way produces
the output 12 bits to fall in positions easily manipulated
by the MCU. The MSB is clocked out of the A/D Con-
verter on the falling edge of clock number 12. After the
second eight clocks have been sent to the device, the
MCUs receive buffer will contain three unknown bits
(the output is at high impedance for the first two clocks),
the null bit and the highest order four bits of the conver-
sion. After the third byte has been sent to the device, the
receive register will contain the lowest order eight bits of
the conversion results. Easier manipulation of the con-
verted data can be obtained by using this method.

Figure 6-2 shows the same thing in SPI Mode 1,1
which requires that the clock idles in the high state. As
with mode 0,0, the A/D Converter outputs data on the
falling edge of the clock and the MCU latches data from
the A/D Converter in on the rising edge of the clock.

o

—

MCU lalches data from A/D Convarer

on rising edges of SCLK

SCLK 11 12 131 144 |s| |e| {7 |8 9| 10

Data is clocked out of

13| |14 15| |16} 1 18] |19) |2 21 |22 3| |24

AJ/D Converter on falling edgas

S\ VI

(Aligned with faling | 0 | © l 0 | [) l 0 | 1 |g{-}1;’| DZl

[DI]DQlXIKleXiXIXl

e R T T R T
o M oo Ju R
W W e e CANDp 1% LA BB S O B o T e |
HI-Z NULI
UG OEROSOCAR0
Start
Bit
MCU Tr Data

([0 % Lx Jool AT [ <]

edge of clock)

MCU Received Data
(Aligned with rising
edge of clock)

A (2] T AN Y

L |

[4—[ v ] |@JBHIB'QIBQINIJ l[mras]asla-a[aalezlml aoil
‘ .

Data stored into MCU receive register
after transmission of first 8 bits
X = Don't Care Bits

Data stored into MCU receive register
after transmission of secand 8 bits

Data stored into MCU receive register
after transmission of last 8 bits

FIGURE 6-1:  SPI Communication using 8-bit segments (Mode 0,0: SCLK idles low).
cs s :
on rsg eages ol SOK o] e 2T T
SCLK 1 2 3 4 5 -] 7 1 1 19) 21 1 22) 3 24
Dala is clocked out of
A/D Converter on falling edges
Diy
wHOOERGQO00000
Slaﬁ

MCU Ti Data
(Aligned with faliing | I , ] | | Isau[ I
sdga of clock) ojsjofeqof forr o2

F el == ]x]

Ll x[x]x[x]x]x[x]

MCU Received Data

R (LD CO D e[ ew) [Fele==e]w]
L I

Data stored into MCU receive register
after transmission of first 8 bits
X = Don't Care Bits

Data stored into MCU receive register
after transmission of second 8 bits

Data stored into MCU receive register
alter transmission of last 8 bits

FIGURE 6-2:  SPI Communication using 8-bit segments (Mode 1,1: SCLK idles high).
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6.2 Maintaining Minimum Clock Speed

When the MCP3204/3208 initiates the sample period,
charge is stored on the sample capacitor. When the
sample period is complete, the device converts one bit
for each clock that is received. It is important for the
user to note that a slow clock rate will allow charge to
bleed off the sample capacitor while the conversion is
taking place. At 85°C (worst case condition), the part
will maintain proper charge on the sample capacitor for
at least 1.2ms after the sample period has ended. This
means that the time between the end of the sample
period and the time that all 12 data bits have been
clocked out must not exceed 1.2ms (effective clock fre-
quency of 10kHz). Failure to meet this criterion may
induce linearity errors into the conversion outside the
rated specifications. It should be noted that during the
entire conversion cycle, the A/D Converter does not
require a constant clock speed or duty cycle, as long as
all timing specifications are met.

6.3 Bufferina/Filtering the Analog Inputs

If the signal source for the A/D Converter is not a low
impedance source, it will have to be buffered or inaccu-
rate conversion results may occur. See Figure 4-2. Itis
also recommended that a filter be used to eliminate any
signals that may be aliased back in to the conversion
results. This is illustrated in Figure 6-3 where an op
amp is used to drive the analog input of the
MCP3204/3208. This amplifier provides a low imped-
ance source for the converter input and a low pass fil-
ter, which eliminates unwanted high frequency noise.

Low pass (anti-aliasing) filters can be designed using
Microchip’s free interactive FilterLab™ software. Fil-
terLab will calculate capacitor and resistors values, as
well as determine the number of poles that are required
for the application. For more information on filtering sig-
nals, see the application note AN699 “Anti-Aliasing
Analog Filters for Data Acquisition Systems.”

Voo
Ya!
4.096V TR
Reference "_l_
0.1pF 11F L
u Tau!'lt‘ 0.1uF =
— :TE ;—L—‘ 1pF
- VREF _|
IN+
MCP3204| =

FIGURE 6-3: The MCP601 Operational Amplifier is

used to implement a 2nd order anti-aliasing filter for

the signal being converted by the MCP3204.

6.4 Layout Considerations

When laying out a printed circuit board for use with
analog components, care should be taken to reduce
noise wherever possible. A bypass capacitor should
always be used with this device and should be placed
as close as possible to the device pin. A bypass capac-
itor value of 1uF is recommended.

Digital and analog traces should be separated as much
as possible on the board and no traces should run
underneath the device or the bypass capacitor. Extra
precautions should be taken to keep traces with high
frequency signals (such as clock lines) as far as possi-
ble from analog traces.

Use of an analog ground plane is recommended in
order to keep the ground potential the same for all
devices on the board. Providing V, connections to
devices in a “star” configuration can also reduce noise
by eliminating return current paths and associated
errors. See Figure 6-4. For more information on layout
tips when using A/D Converters, refer to AN688 “Lay-
out Tips for 12-Bit A/D Converter Applications”.

Voo 3
Connection

Device 3

FIGURE 6-4:  V,, traces arranged in a ‘Star’
configuration in order to reduce errors caused by
current return paths.

FilterLab is a trademark of Microchip Technology Inc. in
the U.S.A and other countries. All rights reserved.
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6.5 Utilizing the Digital and Analog

Ground Pins

The MCP3204/3208 devices provide both digital and
analog ground connections to provide another means
of noise reduction. As shown in Figure 6-5, the analog
and digital circuitry is separated internal to the device.
This reduces noise from the digital portion of the device
being coupled into the analog portion of the device. The
two grounds are connected internally through the sub-
strate which has a resistance of 5 -10 Q.

If no ground plane is utilized, then both grounds must
be connected to Vg5 on the board. If a ground plane is
available, both digital and analog ground pins should
be connected to the analog ground plane. If both an
analog and a digital ground plane are available, both
the digital and the analog ground pins should be con-
nected to the analog ground plane. Following these
steps will reduce the amount of digital noise from the
rest of the board being coupled into the A/D Converter.

I I
| I
I' | Digital Side Analog Side I
I -SPI Interface -Sample Cap |
: -Shift Register -Capacitor Array :
I -Control Logic -Comparator |
| Substrale I
| f\.f ]
5-100Q
kil ) e AR %_ A2 Y
)
Digital Analog
Ground Pin Ground Pin

FIGURE 6-5: Separation of Analog and Digital
Ground Pins.
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‘aNE B MicroSystems, LLC
e T

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

Features and Benefits Description

= Low-noise analog signal path The Allegro™ ACS712 provides economical and precise
* Device bandwidth is set via the new FILTER pin solutions forAC or DC current sensing in industrial, commercial,
" 3 ps output rise time in response to step input current and communications systems. The device package allows for

= 80 kHz bandwidth

* Total output error 1.5% at T, = 25°C

= Small footprint, low-profile SOIC8 package

= 1.2 mQ internal conductor resistance

= 2.1 kVRMS minimum isolation voltage from pins 1-4 to pins 5-8
" 50V, single suppily Opem“o.n. y The device consists of a precise, low-offset, linear Hall circuit
= 66 to 185 mV/A output sensitivity : :

« (hitpul valtage prapartional te AC or DT enrreits w‘xth a copper conduction 'path located near the surface of-the
«  Factory-trimmed for accuracy die. Applied current flowing through this copper conduction
*  Extremely stable output offset voltage path generatesamagnetic field which the Hall IC convertsinto a
* Nearly zero magnetic hysteresis proportional voltage. Device accuracy is optimized through the
= Ratiometric output from supply voltage close proximity of the magnetic signal to the Hall transducer.
A precise, proportional voltage is provided by the low-offset,
_ chopper-stabilized BiCMOS Hall IC, which is programmed
C € % dds) 4 A “ for accuracy after packaging.

\"‘;" uUsv 06 05 54214010 us ‘ . "

c us The output of the device has a positive slope (>Vigy1q))
when an increasing current flows through the primary copper
conduction path (from pins 1 and 2, to pins 3 and 4), which is
Package: 8 Lead SOIC (suffix LC) the path used for current sampling. The internal resistance of

, this conductive path is 1.2 mQ typical, providing low power
loss. The thickness of the copper conductor allows survival of

easy implementation by the customer. Typical applications
include motor control, load detection and management, switch-
mode power supplies, and overcurrent fault protection. The
device is not intended for automotive applications.

Continued on the next page...

Approximate Scale 1:1 gl:E

Typical Application
+5V
g 8
e 2INEE
2 7 Vour
P+ VIOUT}——0 G
0.1 uF
Ip ACST712 1:
} x -
3 |p- FILTER—— .
4 F
rE (R | 1nF

Application 1. The ACS712 outputs an analog signal, Voyt.
that varies linearly with the uni- or bi-directional AC or DC
primary sampled current, Ip, within the range specified. Cg
is recommended for noise management, with values that
depend on the application.

ACS712-DS, Rev. 15
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC

with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

ACS712

Description (continued)

the device at up to 5% overcurrent conditions. The terminals of the ~ The ACS712 s provided ina small, surface mount SOIC8 package.
conductive path are electrically isolated from the signal leads (pins ~ The leadframe is plated with 100% matte tin, which is compatible
5 through 8). This allows the ACS712 to be used in applications with standard lead (Pb) free printed circuit board assembly processes.

requiring electrical isolation without the use of opto-isolators or  Internally, thedevice is Pb-free, except for flip-chip high-temperature
other costly isolation techniques. Pb-based solder balls, currently exempt from RoHS. The device is

fully calibrated prior to shipment from the factory.

Selection Guide

Part Number Packing* (Ié) opt'm'm&;‘a"ge’ lp Sj‘.};';;"}'g{i:)ns
ACS712ELCTR-05B-T | Tape and reel, 3000 pieces/reel —40 to 85 +5 185
ACS712ELCTR-20A-T | Tape and reel, 3000 pieces/reel —40 to 85 +20 100
ACS712ELCTR-30A-T | Tape and reel, 3000 pieces/reel —40to 85 +30 66
*Contact Allegro for additional packing options.

Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units
Supply Voltage Vee 8 vV
Reverse Supply Voltage Vree -0.1 Vv
Output Voltage ViouT 8 v
Reverse Output Voltage VReiout =0.1 vV
Output Current Source liouT(s0urce) 3 mA
Output Current Sink liouT(sink 10 mA
Overcurrent Transient Tolerance Ip 1 pulse, 100 ms 100 A
Nominal Operating Ambient Temperature Ta Range E -40to 85 °C
Maximum Junction Temperature Ty(max) 165 °c
Storage Temperature Tsig —65to 170 °C
Isolation Characteristics
Characteristic Symbol Notes Rating Unit
Dielectric Strength Test Voltage* Viso Ggesqgﬁ;iﬁg'égﬁgg_?:z? ;Sﬁ?cr:]ds Pe 2100 VAC
Working Voltage for Basic Isolation Viwesi ggégg_s‘lit':i:;ng;eit)i{i;olation hag Vishandgyd 354 VDC or Vi
Working Voltage for Reinforced Isolation Vwer gggg%ﬁ?:ﬁ%gﬁ::le) Sl gt standard 184 VDC or Vi

* Allegro does not conduct 60-second testing. It is done only during the UL certification process.

Parameter Specification
CAN/CSA-C22.2 No. 60950-1-03
Fire and Electric Shock UL 60950-1:2003
EN 60950-1:2001

aamm ll . Allegro MicroSystems, LLC 2
115 Northeast Cutoff
u:ﬂ .qg Worcester, Massachusetts 01615-0036 U.S.A.
LIRS MicroSystams, LLC 1.508.853.5000; www.allegromicro.com
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Functional Block Diagram

Hall Current
Drive

P+ Sense Temperature
(F’l" ) Coefficient Trim
p ]P2+ 3
" @

(Fin2) & 28 A
| O%g Signal - — A\ —1 a7
i =
| 273 > Recovery oy R ?(Pin k.
| §¢ W + F(INT)
: 5"

AAA
¥

&
=
=
94
>
23

o - /
asa
E o

o v oy e s s i o e ek

1

IP= » I
I | Trim 3

FILTER
(Pin 6)
1
Pin-out Diagram
1P+ E [8] vce
1P+ [2] [7] viouTt
iP= [3] (6] FILTER
1P- 2] [5] GND
Terminal List Table
Number Name Description
1and 2 P+ Terminals for current being sampled; fused internally
3and 4 IP- Terminals for current being sampled; fused internally
5 GND Signal ground terminal
6 FILTER Terminal for external capacitor that sets bandwidth
7 VIOUT Analog output signal
8 VCC Device power supply terminal

Allegro MicroSystems, LLC 3

'“" . lle 115 Northeast Cutoff
=g Worcester, Massachusetts 01615-0036 U.S.A.
M;croSyslems e

1.508.853.5000; www allegromicro.com
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC

with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

ACS712

COMMON OPERATING CHARACTERISTICS! over full range of T4, C¢ = 1 nF, and Ve = 5V, unless otherwise specified

Characteristic [ symbol Test Conditions [ Min. | Typ. | Max. | Units
ELECTRICAL CHARACTERISTICS
Supply Voltage Vee 4.5 5.0 5.5 \%
Supply Current lec Vee = 5.0 V, output open - 10 13 mA
Output Capacitance Load Cloap |VIOUT to GND - - 10 nF
Output Resistive Load Rioap |VIOUT to GND 4.7 - - kQ
Primary Conductor Resistance | Rprmary |Ta = 25°C - 1.2 - mQ
Rise Time E Ip = Ip(max), Ty = 25°C, Coyr = open - 3.5 - Hs
Frequency Bandwidth f -3dB, Ty = 25°C; Ipis 10 A peak-to-peak - 80 - kHz
Nonlinearity ELn Over full range of Ip = 1.5 - %
Symmetry Egym Over full range of Ip 98 100 102 %
Zero Current Output Voltage Viout(q |Bidirectional; I =0 A, T, = 25°C - Vg%x - v
Bower-6n Time tf 00::2:2;9:;2(35 90% of steady-state level, T;=25°C, 20 A present B 35 _ us
Magnetic Coupling? - 12 - GIA
Internal Filter Resistance? Reant) 1.7 kQ

1Device may be operated at higher primary current levels, I, and ambient, T,, and internal leadframe temperatures, T, provided that the Maximum
Junction Temperature, T (max), is not exceeded.

216G =0.1mT.
3RF(,NT) forms an RC circuit via the FILTER pin.

COMMON THERMAL CHARACTERISTICS!

Min. Typ. Max. Units

Operating Internal Leadframe Temperature | il |E range -40 - 85 b
Value Units
Junction-to-Lead Thermal Resistance? Rgy. |Mounted on the Allegro ASEK 712 evaluation board 5 °C/W
Jiifictiahda-AmBIBRETHar Al Resistanca Rosa Mounted on the Allegro 85-0322 evaluation board, includes the power con- 23 SCIW
sumed by the board

1Additional thermal information is available on the Allegro website.

2The Allegro evaluation board has 1500 mm? of 2 0z. copper on each side, connected to pins 1 and 2, and to pins 3 and 4, with thermal vias connect-
ing the layers. Performance values include the power consumed by the PCB. Further details on the board are available from the Frequently Asked
Questions document on our website. Further information about board design and thermal performance also can be found in the Applications Informa-
tion section of this datasheet.

L ll " Allegro MicroSystems, LLC 4
t ¥ b 115 Northeast Cutoff
f =
==Iﬂ .%m Worcester, Massachusetts 01615-0036 U.S.A.
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 KEVRMS Isolation and a Low-Resistance Current Conductor

x05B PERFORMANCE CHARACTERISTICS? T, =-40°C to 85°C, C¢ = 1 nF, and Vg = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -5 - 5 A
Sensitivity Sens Over full range of Ip Ty = 25°C 180 185 180 mV/A

: Peak-to-peak, T, = 25°C, 185 mV/A programmed Sensitivity, B B
el Vnoise(er) Cg = 47 nF, Coyr = open, 2 kHz bandwidth = mv
T,=—-40°C to 25°C - -0.26 - mV/°C
Zero Current Output Slope AVouTia T = F G 1500 508 —~J/FC
AT = —h =+
. Ta=-40°C to 25°C - 0.054 = mV/AI°C
Seheitivi clane ASeNs T S 25C 10 150°C 0.008 mVIAFC
AT - =Y B
Total Output Error? Etor lp=t5A, Ty =25°C - +1.5 - %o

'Device may be operated at higher primary current levels, I, and ambient temperatures, T,, provided that the Maximum Junction Temperature, T jimax).

is not exceeded.

2Percentage of Ip, with 1o = 5 A, Qutput filtered.

x20A PERFORMANCE CHARACTERISTICS! 7, =—40°C to 85°C, C = 1 nF, and Vg = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -20 - 20 A
Sensitivity Sens Over full range of Ip Ty =25°C 96 100 104 mV/IA

; Peak-to-peak, T, = 25°C, 100 mV/A programmed Sensitivity, 5 _
Npise VNOISE(PP) G, = 47 nF, Coyy = Open, 2 kHz bandwidth X ¥
Tp=—-40°C to 25°C - -0.34 - mv/°C
Zero Current Output Slope AV, -
SRS oUTQ) FZ75°C to 150°C Tl - mVIC
Sensitivity SI AS To=-40°C to 25°C - 0.017 - mV/AI°C
nsitvi n
enstivily Slope NS I§4=257C 10 150°C o004 | = MVIAIC
Total Output Error? Etor lp=£20 A, T, = 25°C - +¥5 - %

'Device may be operated at higher primary current levels, Ip, and ambient temperatures, Ty, provided that the Maximum Junction Temperature,

T, (max), is not exceeded.

2Percentage of Ip, with |, = 20 A. Output filtered.

x30A PERFORMANCE CHARACTERISTICS' T, =—40°C t0 85°C, Cr = 1 nF, and V¢ = 5 V, unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Optimized Accuracy Range Ip -30 - 30 A
Sensitivity Sens Over full range of |5, Ty = 25°C 63 66 69 mV/A

. Peak-to-peak, T, = 256°C, 66 mV/A programmed Sensitivity, _ _
NS VNOISEPP) |G = 47 nF, Coy)y = open, 2 kHz bandwidth . i
Tp=-40°C to 25°C - -0.35 - mV/°C
Zero Current Output Slope AVout(q) TA- 55°C 1o 150°C 008 G
= = =8 =
Sensitivity Slope ASens L e AL e - e . SR
T Ta=25°C to 150°C - -0.002 - mV/A/°C
Total Output Error? Eror lp=+30A, T, =25°C - +1:5 - %

'Device may be operated at higher primary current levels, |, and ambient temperatures, Ty, provided that the Maximum Junction Temperature,

T (max), is not exceeded.

2Percentage of |p, with |p = 30 A. Output filtered.

wAllegro*

MicroSystams, LLC

Allegro MicroSystems, LLC

115 Northeast Cutoff
Worcester, Massachusetts 01615-0036 U.S.A.
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC

with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor
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Characteristic Performance
Ip =6 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC

with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Ip =20 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature
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Characteristic Performance
Ip = 30 A, unless otherwise specified

Mean Supply Current versus Ambient Temperature Supply Current versus Supply Voltage
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

Definitions of Accuracy Characteristics

Sensitivity (Sens). The change in device output in response to a
1 A change through the primary conductor. The sensitivity is the
product of the magnetic circuit sensitivity (G/A) and the linear
IC amplifier gain (mV/G). The linear IC amplifier gain is pro-
grammed at the factory to optimize the sensitivity (mV/A) for the
full-scale current of the device.

Noise (Vyorsg)- The product of the linear IC amplifier gain
(mV/G) and the noise floor for the Allegro Hall effect linear IC
(=1 G). The noise floor is derived from the thermal and shot
noise observed in Hall elements. Dividing the noise (mV) by the
sensitivity (mV/A) provides the smallest current that the device is
able to resolve.

Linearity (E; ;n). The degree to which the voltage output from
the IC varies in direct proportion to the primary current through
its full-scale amplitude. Nonlinearity in the output can be attrib-
uted to the saturation of the flux concentrator approaching the
full-scale current. The following equation isused to derive the
linearity:

i [1_ [ A gain x % sat ( ViouT_full-scale amperes ~ Viout(q)) }
2 (Mour_half-seale amperes ~ Viout(@) )

where Moyt full-scale amperes = the-output voltage (V) when the
sampled current approximates full-scale I},

Symmetry (Egyy). The degree to which the absolute voltage
output from the IC varies in proportion to either a positive or
negative full-scale primary current. The following formula is
used to derive symmetry:

IOUT + full-scale amperes — V1ouT(Q)

100
Viout@) — Viout_-full-scale amperes

Quiescent output voltage (Vioyrq))- The output of the device
when the primary current is zero. For a unipolar supply voltage,
itnominally remains at Vo/2. Thus, Voo =5 V translates into
Viourq) = 2.5 V. Variation in Vg7, can be attributed to the
resolution of the Allegro linear IC quiescent voltage trim and
thermal drift.

Accuracy is divided into four areas:
e 0 A at 25°C. Accuracy at the zero current flow at 25°C, with-
out the effects of temperature.

e 0 A over A temperature. Accuracy at the zero current flow
including temperature effects.

o Full-scale current at 25°C. Accuracy at the the full-scale current
at 25°C, without the effects of temperature.

¢ Full-scale current over A temperature. Accuracy at the full-
scale current flow including temperature effects.
Ratiometry. The ratiometric feature means that its 0 A output,
Viour(qy (nominally equal to Vi./2) and sensitivity, Sens, are
proportional to its supply voltage, V. The following formula is
used to derive the ratiometric change in 0 A output voltage,
AViourrar (%0).
I3 (VIOUT(Q)VCC / VJOUT(Q)SV)
Vee T5 W

The ratiometric change in sensitivity, ASensg o (%), is defined as:

[ Sensyoc | Senssy
100 =1 =
Vec I'S V

Output Voltage versus Sampled Current
Accuracy at 0 A and at Full-Scale Current
‘rll\olcallng ViourlV)

Accura:
Over ATemp erature

Accuracy
25°C Only

Average
Viour

Accuracy
Over ATemp erature !\‘
Accuracy

25°C Only

Ip{min)

Electrical offset voltage (V). The deviation of the device out- i “, (A)
put from its ideal quiescent value of V/ 2 due to nonmagnetic Ful Scale Wem
causes. To convert this voltage to amperes, divide by the device
sensitivity, Sens.
Accuracy (Eqqgr). The accuracy represents the maximum devia-
tion of the actual output from its ideal value. This is also known
as the total output error. The accuracy is illustrated graphically in S
the output voltage versus current chart at right. B
Over ATemp erature
J’ Decreasing Vg, (V)
3 ll 0 o 18 ’
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC
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with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

Definitions of Dynamic Response Characteristics
v
Ve
VepltyR)— do o e e
! Vour
: ; ; 90% Vour —|— — - — —f —
Power-On Time (tpg). When the supply is ramped to its operat- bt ?Lm
. . . - . - . !
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- - . [
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. . 5 3 celming — — - —
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- - . 4 T po
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. ; . o : i
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC
ACST712 I 7t

with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

Chopper Stabilization Technique

Chopper Stabilization is an innovative circuit technique that is the filter. As a result of this chopper stabilization approach, the
used to minimize the offset voltage of a Hall element and an asso-  output voltage from the Hall IC is desensitized to the effects
ciated on-chip amplifier. Allegro patented a Chopper Stabiliza- of temperature and mechanical stress. This technique produces
tion technique that nearly eliminates Hall IC output drift induced ~ devices that have an extremely stable Electrical Offset Voltage,
by temperature or package stress effects. This offset reduction are immune to thermal stress, and have precise recoverability
technique is based on a signal modulation-demodulation process. ~ after temperature cycling.

Modulation is used to separate the undesired DC offset signal This technique is made possible through the use of a BiICMOS
from the magnetically induced signal in the frequency domain. process that allows the use of low-offset and low-noise amplifiers
Then, using a low-pass filter, the modulated DC offset is sup- in combination with high-density logic integration and sample
pressed while the magnetically induced signal passes through and hold circuits.

Regulator !

RN — - N (i ' £
| |
y | ;
| A -1 Clock/Logic
! | 4
Hall ] , | [ | Low-Pass
all Element ;|  \«g-s:-o- ‘A (DA / Al Filter
| X =
S A\ S —
> : Amp L) | B
; P 8
»

Concept of Chopper Stabilization Technique
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

Typical Applications
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Application 2. Peak Detecting Circuit
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Application 4. Rectified Output. 3.3 V scaling and rectification application
for A-to-D converters. Replaces current transformer solutions with simpler
ACS circuit. C1 is a function of the load resistance and filtering desired.
R1 can be omitted if the full range is desired.
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Applicaticn 3. This configuration increases gain to 610 mV/A
(tested using the ACS712ELC-05A).
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Application 5. 10 A Overcurrent Fault Latch. Fault threshold set by R1 and
R2. This circuit latches an overcurrent fault and holds it until the 5 V rail is
powered down.
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kKVRMS Isolation and a Low-Resistance Current Conductor

Improving Sensing System Accuracy Using the FILTER Pin

In low-frequency sensing applications, it is often advantageous
to add a simple RC filter to the output of the device. Such a low-
pass filter improves the signal-to-noise ratio, and therefore the
resolution, of the device output signal. However, the addition of
an RC filter to the output of a sensor IC can result in undesirable
device output attenuation — even for DC signals.

Signal attenuation, AV ,pr, is a result of the resistive divider
effect between the resistance of the external filter, Rj (see
Application 6), and the input impedance and resistance of the
customer interface circuit, Ryyppc. The transfer function of this
resistive divider is given by:
AV v RINTFC
ATT = Flout
Re + Rinrrc
Even if Rp and Ryyppe are designed to match, the two individual
resistance values will most likely drift by different amounts over

temperature. Therefore, signal attenuation will vary as a function
of temperature. Note that, in many cases, the input impedance,
Rinrres of a typical analog-to-digital converter (ADC) can be as
low as 10 kQ.

The ACS712 contains an internal resistor, a FILTER pin connec-
tion to the printed circuit board, and an internal buffer amplifier.
With this circuit architecture, users can implement a simple

RC filter via the addition of a capacitor, Cy (see Application 7)
from the FILTER pin to ground. The buffer amplifier inside of
the ACS712 (located after the internal resistor and FILTER pin
connection) eliminates the attenuation caused by the resistive
divider effect described in the equation for AV, pr. Therefore, the
ACS712 device is ideal for use in high-accuracy applications
that cannot afford the signal attenuation associated with the use
of an external RC low-pass filter.

Find Pind
1P- " 1P

externally to a standard Hall effect device, a resistive
divider may exist between the filter resistor, R and

1
!
Application 6. When a low pass filter is constructed !
i
i
the resistance of the customer interface circuit, Ryyeg. i

Allagro ACS706

1
I
I
1
1
I
i
i
This resistive divider will cause excessive attenuation, {".:5321""_ e o nput
as given by the transfer function for AV I 4o Re Apphcation
[ X} "i. | Hﬂg Intarface
e f"} H Circuit
¥ : Low Pass Filter
1
I Temeeus ! $ it )
— ! VAT 2 Ruare
i
I 1
] 1
1 ! I
] ]
B e i e e S e il o e o o i J
P 1P+ GND
Pin 1 Pin 2 Pin 5
=y
vee
e 1) . SRSl W W BN A e e S S
Allegro ACS712

Application 7. Using the FILTER pin
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AC 371 2 Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 KVRMS Isolation and a Low-Resistance Current Conductor

Package LC, 8-pin SOIC
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/*
* File: main.c

* Author: Administrator

*

*

#include "MONITORING.h"
#include <stdio.h>
#include <stdlib.h>
#include <delays.h>
#include <xlcd.h>
#include <spi.h>

#tinclude <usart.h>

#define BAUD 9600

void DelayFor18TCY( void ); //18 cycles delay
void DelayPORXLCD (void); // Delay of 15ms
void DelayXLCD (void); // Delay of 5ms

void byte_write(unsigned char data);

/*

*/

unsigned char var;
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unsigned int ADCResult=0;
unsigned int ADCResult1=0;
unsigned int ADCResult2=0;
unsigned int ADCResult3=0;
unsigned int ADCResult4=0;
unsigned int ADCResult5=0;
unsigned int ADCResult6=0;
unsigned int ADCResult7=0;
unsigned char Buffer[20];
unsigned char Buffer1[20];
unsigned char Buffer2[20];
unsigned char Buffer3[20];
unsigned char Buffer4[20];
unsigned char Buffer5[20];
unsigned char Buffer6[20];
unsigned char Buffer7[20];
float data;

float datal;

float data2;

float data3;

float data4;

float data5;

float dataé6;

float data7;

#define SPI_CS LATAbits.LATAO

void main(void)
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[fEEFE R R R KK nita] LCD Module
TRISChits. TRISCO = 0; // set port CO for LED

unsigned char config=0xFF;

char XLCD_Disp1[] = "DISPLAY";

char XLCD_Disp2[] = "VOLTAGE&CURRENT";
ADCON1 = 0xOF;
config = FOUR_BIT & LINES_5X7;

[[¥*FR¥EEX Configure LCD for four line communication and 5X7. line display

ok ke ok ok ok ok ok ok ok sk ok sk o ok 3k ok ok ok ok ok ok ok % oK oK ok ok koK

OpenXLCD( config);

JRERFAEEE | nitig] UART %% %ok % ok ok ook ook oo ko ok o ko ko KK

TRISBbits. TRISB4 = 0; // set port Tx

TRISBbits. TRISB5 = 1; // set port Rx

OpenUART();

J[RFHFFFAAK| i) SPI Module** * ¥ FRkkkkkk
TRISAbits. TRISAO = 0; //set port CS for output port
TRISBbits. TRISBO = 1; // set port CO for SDI
TRISBbits. TRISB1 = 0; // set port CO for SCK
TRISCbits. TRISC7 = 0; // set port CO for SDO

SPI_CS =1; // ensure SPI memory device

OpenSPI(SPI_FOSC_16, MODE_00, SMPEND); //OpenSP| Fosc/16; Mode 0,0;SMPEND
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[[FHRFRIAERXXE Sot the starting address in the LCD RAM for display. This determines the

location of display ******#x*
SetDDRamAddr( 0x05);

putsXLCD( XLCD_Disp1); //Display string of text

[[FEFFRHAARK ot the address in second line for display
ok ok 3k 3 ok ok ok ok ke sk ok 3k 3k 3K 3K oK K ok ok sk ok ok ok ok ok ok ok ok ok ok ok o e s sk ok ok ke sk sk sk 3K 3K sk 3K 3K ok K % oK oK

SetDDRamAddr(0x40);

putrsXLCD(XLCD_Disp2); //Display "Voltage" on the screen);
//Display string of text

Delayl0KTCYx(4000);
Delay10KTCYx(4000);
Delayl0KTCYx(4000);
Delayl0KTCYx(4000);
WriteCmdXLCD(0x01); //clear lcd

DelaylKTCYx(10);

while (1) {
TRISDbits. TRISDO = 0; // set port D4 output
TRISDbits. TRISD1 = 0; // set port D5 output
TRISDbits. TRISD2 = 0; // set port D6 output
TRISDbits.TRISD3 = 0; // set port D7 output
TRISDbits.TRISD4 = 0; // set port E output
TRISDbits. TRISDS = 0; // set port RS output
RS_PIN = 1;
ADCResult =0;

ADCResult1 =0;



ADCResult2 =0;

ADCResult3 =0;

ADCResult4 =0;

ADCResult5 =0;

ADCResult6 =0;

ADCResult7 =0;

J[HRARARAK CH QK * K Ak % Kk
SPI_CS = 0; //assert chip select
byte_write(0x6);
DelaylKTCYx(1 );
byte_write(0x0);
DelaylKTCYx( 1);

ADCResult = SSPBUF;

ADCResult = ADCResult<<8;
byte_write(0x0);

ADCResult = ADCResult+SSPBUF;
SPI_CS = 1; //assert chip select
Delayl0KTCYx( 10);

Y g T e S
SPI_CS = 0; //assert chip select
byte_write(0x6);
DelaylKTCYx(1 );
byte_write(0b01000000);
DelaylKTCYx(1 );

ADCResultl = SSPBUF;
ADCResultl = ADCResult1<<8;

byte_write(0x0);
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ADCResultl = ADCResult1+SSPBUF;
SPI_CS = 1; //assert chip select

Delayl10KTCYx( 10);

//*******CHZ********

SPI_CS = 0; //assert chip select
byte_write(0x6);
DelaylKTCYx(1 );
byte_write(0b10000000);
DelaylKTCYx(1);

ADCResult2 = SSPBUF;
ADCResult2 = ADCResult2<<8;
byte_write(0x0);

ADCResult2 = ADCResult2+SSPBUF;
SPI_CS =1; //assert chip select
Delay10KTCYx( 10);

) W= Rpde N 20
SPI_CS =0; //assert chip select
byte_write(0x6);
DelaylKTCYx(1 ),
byte_write(0b11000000);
DelaylKTCYx(1 );

ADCResult3 = SSPBUF;

ADCResult3 = ADCResult3<<8;
byte_write(0x0);

ADCResult3 = ADCResult3+SSPBUF;

SPI_CS =1; //assert chip select
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Delayl0OKTCYx( 10);
J[REFEE R C AR A A ARk
SPI_CS = 0; //assert chip select
byte_write(0x7);
DelaylKTCYx(1 );
byte_write(0x0);
DelaylKTCYx(1 );
ADCResult4 = SSPBUF;
ADCResult4 = ADCResult4<<8;
byte_write(0x0);
ADCResultd = ADCResult4+SSPBUF;
SPI_CS = 1; //assert chip select
Delayl0KTCYx( 10);
J[FERRER RO EEE R R
SPI_CS = 0; //assert chip select
byte_write(0x7);
DelaylKTCYx(1 );
byte_write(0b01000000);
DelaylKTCYx(1);
ADCResult5 = SSPBUF;
ADCResult5 = ADCResult5<<8;
byte_write(0x0);
ADCResult5 = ADCResult5+SSPBUF;
SPI_CS = 1; //assert chip select

Delayl10KTCYx( 10);

//********CH6********
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SPI_CS =0; //assert chip select
byte_write(0x7);
DelaylKTCYx(1 );
byte_write(0b10000000);
DelaylKTCYx(1 );

ADCResulte = SSPBUF;
ADCResult6 = ADCResultb<<8;

byte_write(0x0);

ADCResult6 = ADCResult6+SSPBUF;

SPI_CS = 1; //assert chip select

Delay10KTCYx( 10);

//********CH7********

SPI_CS = 0; //assert chip select
byte_write(0x7);
DelaylKTCYx(1 );
byte_write(0b11000000);
DelaylKTCYx(1);

ADCResult7 = SSPBUF;
ADCResult7 = ADCResult7<<8;

byte_write(0x0);

ADCResult7 = ADCResult7+SSPBUF;

SPI_CS =1; //assert chip select

DelaylOKTCYx( 10);

//********#**********LED TOGGLE TEST***********
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LATCbits.LATCO = 1;
Delay10KTCYx(100);
LATCbits.LATCO = 0;

Delayl0KTCYx(10);

[[FFFFHRIEEShow CHO and CH1******

data = (float) (ADCResult*5.0/4095.0)*8.0;

datal = (float) ((ADCResult1*5.000/4095.000)-2.500)/0.185;
sprintf(Buffer, "%2.3f", data ); // Convert ADCResult to string
sprintf(Bufferl, "%2.3f", datal); // Convert ADCResult to string
putrsXLCD("Voltagel="); //Display "Voltage" on the screen
putsXLCD(Buffer); //Display the Voltage on the screen

SetDDRamAddr(64);

putrsXLCD("Currentl="); //Display "Voltage" on the screen
putsXLCD(Bufferl); //Display the Voltage on the screen
SetDDRamAddr(0);

Delay10KTCYx( 2000);

WriteCmdXLCD(0x01); //clear lcd

//Show Virtual Terminal
printf("GROUP1 Voltage = %f\n\r",data);
__delay_ms(10);

__delay_ms(10);



__delay_ms(10);
__delay_ms(10);
__delay_ms(10);
printf("GROUP1 Current = %f\n\r\r",datal);
__delay_ms(10);
__delay_ms(10);
__delay_ms(10);
__delay_ms(10);

__delay_ms(10);

//************show CH2 and CH3 %% s kok sk sk ko o ok ok o okok ok ok o

data2 =(float) (ADCResult2*5.0/4095.0)*8.0;
data3 = (float) ((ADCResult3*5.000/4095.000)-2.500)/0.185;
sprintf(Buffer2, "%2.3f", data2 ); // Convert ADCResult to string

sprintf(Buffer3, "%2.3f", data3 ); // Convert ADCResult to string

putrsXLCD("Voltage2="); //Display "Voltage" on the screen
putsXLCD(Buffer2); //Display the Voltage on the screen
SetDDRamAddr(64);

putrsXLCD("Current2="); //Display "Voltage" on the screen
putsXLCD(Buffer3); //Display the Voltage on the screen
SetDDRamAddr(0);

Delay10KTCYx( 2000);

WriteCmdXLCD(0x01);
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//Show Virtual Terminal

printf("GROUP2 Voltage = %f\n\r",data2);
__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

printf("GROUP2 Current = %f\n\r\r",data3);
__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

//************Show CH4 and CHS*************************

datad = (float) (ADCResult4*5.0/4095.0)*8.0;
data5 = (float) ((ADCResult5*5.000/4095.000)-2.500)/0.185;
sprintf(Bufferd, "%2.3f", datad ); // Convert ADCResult to string

sprintf(Buffer5, "%2.3f", data5 ); // Convert ADCResult to string

putrsXLCD("Voltage3="); //Display "Voltage" on the screen
putsXLCD(Bufferd); //Display the Voltage on the screen

SetDDRamAddr(64);

putrsXLCD("Current3="); //Display "Voltage" on the screen

putsXLCD(Buffer5); //Display the Voltage on the screen
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SetDDRamAddr(0);
Delayl0KTCYx( 2000);

WriteCmdXLCD(0x01);

//Show Virtual Terminal

printf("GROUP3 Voltage = %f\n\r",data4);
__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

printf("GROUP3 Current = %f\n\r\r",data5);
__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

//************Show CHG and CH?*************************

data6 = (float) (ADCResult6*5.0/4095.0)*8.0;
data7 = (float) ((ADCResult7*5.000/4095.000)-2.500)/0.185;
sprintf(Buffer6, "%2.3f", data6 ); // Convert ADCResult to string

sprintf(Buffer7, "%2.3f", data7 ); // Convert ADCResult to string

putrsXLCD("Voltaged="); //Display "Voltage" on the screen
putsXLCD(Buffer6); //Display the Voltage on the screen

SetDDRamAddr(64);
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putrsXLCD("Current4="); //Display "Voltage" on the screen
putsXLCD(Buffer7); //Display the Voltage on the screen
SetDDRamAddr(0);

Delay10OKTCYx( 2000);

WriteCmdXLCD(0x01);

//Show Virtual Terminal

printf("GROUP4 Voltage = %f\n\r",data6);
__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

printf("GROUP4 Current = %f\n\r\r",data?);
__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

__delay_ms(10);

void DelayFor18TCY( void ) //18 cycles delay



{
//Delay10TCYx(20);
Nop( ); Nop( ); Nop( ); Nop( ); // 18 cycle delay
Nop( ); Nop(); Nop(); Nop();
Nop(); Nop(); Nop(); Nop();

Nop( ); Nop( );

return;

}

void DelayPORXLCD (void) // Delay of 25ms

{

DelaylKTCYx(50);

}

void DelayXLCD (void) // Delay of 5ms

{

DelaylKTCYx(20);

I

void byte_write (unsigned char data)

{

var = putcSPI(data); //send data byte

}

void DelayTXBitUART(void)

{
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Delayl00TCYx (1);
Delayl0TCYx (3);
DelaylTCYx (7);

//return;

}

void DelayRXHalfBitUART(void)
{

Delayl0TCYx (6);
DelaylTCYx (1);

//return;

}

void DelayRXBitUART(void)
{

Delay100TCYx (1);
Delayl0TCYx (3);
DelaylTCYx (5);

//return;

}
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