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ABSTRACT

A device used for measuring AC power of home appliances has been developed. The circuit

is built with the PIC microcontroller and the Hall sensor for AC current sensing. The AC power is computed

by the multiplication of load current and nominal AC voltage, 220V. The powe. meter is capable of measuring

the AC power from { to 1500W.
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2.5 lulasAaaulnaaad PIC 18F2550

2.5.1 Universal Serial Bus Features

awsnsia USB v2.0 190

U Low Speed (1.5 Mb/s) ua® WUy Full Speed (12 Mb/s)
aﬁuawﬂ'\imuau n13interrupt, m?a’am?ﬁmdﬂ UuL Isochronous WAk Bulk
afuayu 14 32 Endpoints (16 bidirectional)

1¥nDa RAM uuw Dual 'Id 1-Kbyte dwfu USB

Fuda USB uLU On-Chip At Voltage Regulator

mzdene Off-Chip @ msunsfuda USB

n2ddday wiy Streaming Parallel Port (SPP) MU USB

2.5.2 TMNANSARNITNA9Y (Power-Managed Modes)

Run: CPU on, qunsninienen on
Idle: CPU off, gunsninauen on
Steep: CPU off, gunsaimauan off
Idle mode NTLUARTANRINN 5.8 4uA
Sleep mode NITUAREAMAIEN 0.1 pud
Timer1 Oscillator: 1.1 u4, 32 kHz, 2V
Timer ﬁmuqu: 21 pu4

N1TN13ENFILARY Oscillator wul Two-Speed

2.5.3 Tmatna$191930scilatorRa s nfianuls (Flexible Oscillator Structure)

Four Crystal modes, 19811t PLL Aoanwsiudngs dwiu USB

Twum Two External Clock 9l 48 MHz



Internal Oscillator Block:

(1) ansadend 8 aanud faus 31 kHz 84 8 MHz

(2) glifamnradiu Winfuaauiniaeulyls

Secondary yjaeH Teanld Timer! @ 32 kHz

Microcontroller #iau N 1@aNLLILDual Oscillator wax USBInga

Fail-Safe Clock Monitor: Allows for safe shutdown if any clock stops
2.5.4 ‘lﬂ'laﬁﬂu'aa'qﬂnﬂﬁmﬂuﬂn (Peripheral Highlights)
- hi::uﬂ Sink/Source QJQﬂ: 25 mA/25 mA
- #l Interrupts AMewaN 3 f
- #ilugaTimer 4 (Timer0 to Timer3)
- HTuga Tunn7 Capture 2 fa/ i Compare/ fia PWM (CCP)
(1) Capture gugm 16-bit 3l resolution 5.2 ns (TCY/16)
(2) Compare §44n 16-bit # resolution 83.3 ns (TCY)
(3) PWM output: # resolution 1 013 10-bit
- T,wﬂﬂ'llﬂa Enhanced Capture/Compare/PWM (ECCP) ﬁm‘%m’-ﬁum )
(1) Multiple output modes
- F(j2) kSﬂeﬁlﬁec'ﬁ.’e;ble poianty
| (3) Programmable dead time
{4) Auto-shutdown and auto-restart
- Tugs USART flupmnin
(1) aviuayu LIN bus

- Tuga Master Synchronous Serial Port (MSSP)modute @viuiayu 3 @1e SPI

(4 4 modes) uaz I°C uaa Master uae Slave
- Tuga Analog-to-Digital Converter 40814 13-channel 10-bit
- Dual Analog Comparators with input Multiplexing
2.5.5 anuneALABaa9 Microcontroller (Special Microcontroller Features)
- W ¢ Compiler eultsunsu Aot option TaeAndaRANTY
- 1289 Voltage Range ARWINNATS (2.0V to 5.5V)

- gnsalusunsudoes i nelinisAruanees solfware

10
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ProgramMemory |  DataMemory MssP | k| &
Device | Plash | # Single-Word | SRAM |EEPROM | 1O ;,Dof;:,) ct:m)cp SPP | gy |Master § E I,’{"::}t
{bytes)| Instructions | (bytes) | (bytes) o™ | < §
PIC18F2455 [ 24K 12288 2048 256 24 10 20 No | Y Y 112 13
PIC18F2550 | 32K 16384 2048 256 24 10 20 No | Y Y 1 ]2 13
PICteFass | 24K | 12088 | 2048 [ 256 |35 13 M Y| Y[ Y [1]2] 13
PICIBFass0 | 2K | 16384 |28 | 256 |38 | 13 [ w1 (Ve | Y| Y [1]2] 13
28-Pin PDIP, SOIC
° N
MCLRNPrMRE3—» 1 28[ ]« RB7/KBI3PGD
R oo RANANGw—s[T2 27[]<+ RB&/KBI2PGC
RA1/AN =—»[]3 26{ ]+ RBS/KBI1PGM
RA2/AN2VReF JCVREF ~— [ ]4 25 ]+ RBA/AN11/KBIO
RAYANSVREF+ =—v 5 1o Q 24 )+ RBYANYCCPZ"/VPO
RA4TOCKICIOUTIRCV =—[]6 38 23[ = RBZANSINT2ZAMO
RAS/ANASSHLYDINC20UT =— []7 e 22[] +—= RBI/ANTBANT1/SCK/SCL
Ves— 18 ®2  21[]«= RBWANIZINTOFLTO/SOVSDA
C v e OSCHCLK =[]0 - 88 20[ ]«— Vop
oscacLkomas «—[J10 &8 19« vss
RCOT10SOMISCK! < [711 18[] <= RC7/RXDT/SDO
RC1T10SVCCPANUOE <[] 12 17[] < RC&TX/CK
RC2/CCP1 =—=[13 16[ ] < RCS/D+VP
Vusg =~ []14 15[ ] = RCA/D-VM

7% 2.7 namalasea¥reres PIC 18F2550 wuw 28 11
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2.5.6 Oscillator Configurations

2.5.6.1 Timwa90scillator {Oscillator Types)
qunTal PIC18F2455/2550/4455/4550 aungominanuls 12 v

1.

O M ~N o O b~ W N

XT Crystal/Resonator

. XTPLL Crystal/Resonator with PLL enabled

. HS High-Speed Crystal/Resonator

. HSPLL High-Speed Crystal/Resonator with PLL enabled

. EC External Clock with FOSC/4 output

. ECIO External Clock with I/0 on RAB

. ECPLL External Clock with PLL enabled aﬁd FOSC/4 output on RAG
. ECPIC External Clock with PLL enabled, I/0G on RAB

. INTHS |nternal Oscillator used as microcontroller clock source, HS

Oscillator used as USB clock source

10. INTXT Intemnal Oscillator used as microcontroller clock source, XT Oscillator

11. INTIO Internal Oscillator used as microcontroller clock source, EC Oscillator

used as USB clock source, digital I/O on RAB

12; IN'.I'CUK.O iﬁtefnél Oscillator used as microcontroller clock source, EC

Oscillator used as USB clock source, FOSC/4 output on RAB

2.5.6.2 Crystal Osclllator/Ceramic Resonators

nelu HS, HSPLL, XT uaz XTPLL 84 Oscillator i3 CRYSTAL %78 CERAMIC

T X .
resonator axgnifansianiuan 0SC1 uay 0SC2 Tugui 2.2 azuanINzdansia

[ XTAL ‘ ' ard Logic
ETERRIVL N (TR B . ‘11
@] | | Sleep
¢t 0SC2 PIC18RXOO(X

1 osc1 [ ||>
I l To

Internal

o . o .
U7 2.8 M3MauBI9as M Crystal Wia ceramic resonator
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c Typical Capacitor Values
: rystal Tosted:
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

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 raquired to produce
acceptable oscillator operation. The user should test
the performance of the oscillator over the expected
VDD and tempearature range for the application.

Sse the notes following this table for additional
information.

Crystals Used:

4 MHz
a8 MHz
20 MHz

A1319W 2.2 Madanaifiudszqdawit CRYSTAL OSCILLATOR

2.5.7 10-BIT Analog-to-Digital
2.3.7.1 10-BIT Analog-to-Digita! Converter (A/D) Module
Tuga199 Analog-to-Digital (A/D) #110 inputs & miLlugaingnd 28 1 %qiuqaf’:
astamaulaadtyayans-Analog input IHdWUSHL Digital 10 bit Tugaaxil Registers 5 &4 TAun
- A/D Result High Register (ADRESH)
- A/D Result Low Register (ADRESL)
- A/D Control Register 0 (ADCOND) dauandlugtiii 2.3
- A/D Control Register 1 (ADCON1)
— ,
- A/D Controf Register 2 (ADCON2}
Register 183 ADCONO flugnshugilfl 2.3 flun1svinaiuzas AD Tugauss ADCON1
uamalugU 2.4 uameasdlzznauuasieduiniminnu dou Register 189 ADCON2 ugndlug

-] ] o v
7 2.5 aeALlsEnaLYas Clock source 184 A/D axsnlUsunsrmain lldunuazmslausoee
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u-0 u-o RW-0 R/W-0 RAY-0 RW-0 RW-0 RW-0
T — [Ta3—= | cHss CHS2 CHS1 CHS0 GO/MDONE | ADON
bit 7 bito
Legend:
R = Readable bit W = Writable bit U = Unimplomented bit, read as ‘0!
-n = Value al POR " “"=Bilssat. ‘0" = Bitis dearad x = Bl Is unknown

AM5147 2.3 uARY REGISTER A1ALAN A/D 0 (ADCOND)
bit 7-6 Unimplemented: Read as ‘0’
bit 5-2 CHS3:CHSO0: Analog Channel Select bits
0000 = Channel 0 (ANO)
0001 = Channel 1 (AN1)
0010 = Channel 2 (AN2)
0011 = Channe! 3 (AN3)
0100 = Channel 4 (AN4)
0101 = Channe! 5 (AN5)"?
0110 = Channel 6 (AN6)""? -
0111 = Channel 7 (AN7)""?
1000 = Channel 8 (ANS)
1001 = Channel 9 (AN9)
1010 = Channel 10 {AN10)
1011 = Channel 11 (AN11)
1100 = Channel 12 (AN12)
1101 = Unimplemented @
1110 = Unimplemented @
1111 = Unimplemented @
bit 1 GO/DONE; A/D Conversion Status bit
When ADON = 1:
L = NANTNE ¢ A
1 = A/D conversion in progress
0 =A/D idle
bit 0 ADON: A/D On bit
1 = A/D converter module is enabled

0 = A/D converter module is disabled

A 1o X1 R N U
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U:0 [ RA-0 RW-0 RwW-0l1 AW R RW
[ % [~ [ vora0 | vcFGo | PcFG3 | PCFG2 | PCFG1 | PCFGO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Vaiue at POR '1’ = Blt is set ‘0’ = Bitls cleared x = Bit is unknown

ANT197 2.4 UARY REGISTER flmausAu A/D 1 (ADCON1)
bit 7-6 Unimplemented: Read as ‘0
bit5 VCFGO: Voltage Reference Configuration bit (VREF- source)
1 = VREF- {AN2)
0 =VS8S
bit4 VCFGO: Voltage Reference Configuration bit (VREF + source)
1= VREF+ (AN3)
0=vDD
bit 3-0 PCFG3:PCFG0: A/D Port Configuration Control bits:

{2)

PCFG3:
PCFG{

1

olojo|jolo|ao|of»| »[>[>|>|>]|>]|>| > ANS

oogot”
0001
0010
0011
0100
0101
0110
o111
1000
1001
10190
1011
1100
1101 .
1110
1111

A = Analog input D = Digital 170

oio|o|o|o|olo|o| =|z|»|»|»|x|» )tANT(’)'
ojo|o|o|o|olx|xi»|>|>|»|>[>]>| »| ANsEH

oio|o|o|o|jo|oju| o|o|o|o|@|>|>»| »|| AN12

o|o|o|o|o|o|olo| o|o|(o|o|>|>x]|>]| »|| ANU1
o|o|o|ojo|(o|o|o] o|o|of»|>|>{>]| »|{ ANID

olo|o|o|o|o|(ojo| ol |»|>|>»|>|>»]| »| ANB

o(o|olo|ojx|»|(>]| »|(»|(>|»{>]>]>]| >|| AN4

o|o[ojo|»{]>|B] 2i>i>|>{>{>(>] >} ANI

ojolo|»|>»|>>|>»|>»|»|>]>|>|>|>]| »] AN2

olo|x|e|x|»|2|>]| »|=|x|>|>|>{>]| >»| ANI
olx|»|>|p|>]|>x| »|z|=|=»|>»|>»|>| || AND

viojo|o|o|o|o|o| o|o|>»!>»|(>»]>|(>»] »|| ANS

RW-0 U0 RW-0 RW-0 RW-0 RW-0 RW-0 RW-0
ADFM | — | ACQT2 | ACQT1 | ACQTO | ADCS2 | ADCS1 | ADCSO
bit 7 bit 0

Legend:
R = Readabie bit W = Wiitablo bit U = Unimplemented bit, read as
-h = Value at POR ‘1= Bit s set ¥ = BitIs cleared x = Bitis unknown

A9 2.5 uAd REGISTER Aimaugu A/D 2 (ADCON2)




16

ADFM: A/D Result Format Select bit

1 = Right justified

0 = Left justified

bit 6 Unimplemented: Read as ‘0

bit 5-3 ACQT2:ACQTO: A/D Acquisition Time Select bits

111 =20TAD
110 =16 TAD
101 =12TAD.
100 =8 TAD
011 =6 TAD
010=4TAD
001 =2TAD

000 = 0 TAD(1)
bit 2-0 ADCS2:ADCS0: A/D Conversion Clock Select bits
111 = FRC {clock derived from A/D RC oscillator){1)
110 = FOSC/64
101 = FOSC/6
100 = FOSC/4
011 = FRC (clock derived from A/D RC oscillator){1)
010 = FOSC/32
001 = FOSC/8
000 = FOSC/2

ToaFdeBaasdnycynns Analog Milu software anasaidenidu vy, uax Vg vte
LAUINNAMTIN RASANIN ., WaE RAZAN2VREF/CV g

A/D Convert RénupuzRARRUANAINGSEY Ae sunsafiazinavaniiiguUnsaley
W sleep Twum TaenassiadtyryinuurAn1ees AD Conversion AsFadlAN1RIN RC
Oscillator el A/D Output 189shatiauazlaa Aa Input 289 converter #aaz i uadng
{matinu Successive approximation

AlvFAawmaf ADRESH: ADRESL fa::'lﬁqmﬂﬁﬂuuﬂmﬁmﬁl Power-on Reset Uat
F3a1A0F ADRESH: ADRESL azussqbayailting11iAn wdaan Power-on Reset tugagay

1 J Al ] ]
AD aanuuy anANNEaIN1sALiAan Channel AeunazEun slReuLlaAn
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duinweryanan nizsomnaAnIsi

- . o .
1t Channel 984 Analog Buvmazfpamilauiu Channel idan ag bit 709 TRIS (@an
dlw input uazAMRA acquisition time MAIRIINIBTTDY acquisition time tivuly acquisition

da dd -
time avunsniusunsiluniin GO/DONE uazFuidasuulainiusda

2.5.8.1/0 Ports

YO PORTS uagfugunrafuszdnmauznis Enabled FuTufiflaport 5 ustaz port f
Register lun1sineuaeadaiues 3 6 leun

- TRIS register {data direction register)

- PORT register (reads the levels on the pins of the device)

- LAT register {output latch)
Tntl Data Latch register (LATA) azld@miunisAianlunas read modify-Write TheAnd

Tinzgndvleae 1o

2.5.8.1 PORTA, TRISA and LATA Registers

PORTA #ou1a 8 bitiflu Port w2 RiAvnauay Register faxalnanssia TRISA
N7RaAY Bit TRISA (=1) Az lfifiAgudiugiu 11input 189 PORTA NM31ARET TRISA (=0)
ENAMUANAUSILUTOutput 189 PORTA N19874 Registeri8IPORTA AXETUANTUT BT
nMa@ensiasi@eud Port lateh

LATA Aa nisaFeaiudiniusilumisuannudiRead-modify-write aziinag
e ANNITEMANIBILATA Register Uazidena0Output Tlilatchdauil PORTATIRAY

sQniladindsnelugasas Timer0 Buymaaiciockaznateily 11RA4/TOCKI 9IRABAZN

multiplex$aB11 main oscillator MAaragnidantdlun oscillator ¥iaa1 /0 Tnanisidan
984 main oscillator WiATaaF1ara9Register 1H %mmﬂ']‘n'mm PORTA axgn multiplex
#ingl analog iNputs, Ve, WAL Vg, inputs 18l Output 124usdut1984l1 comparator
MBS 1IRASUAE RA3:RAC witay input 184 A/D converter aziRaniArNIg
clearing/setting ﬁﬂﬁ'l‘i'muqu'lu ADCON1register (A/D Contro! Register 1) 'Il'lﬁ'u']‘um

-l. [ A1 i - -
PORTA Y)n91NTsALIAUNN TTL LT full output n9u CMOS

76663
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TRIS
Pin Function Sotling o |0 Type Description
e
AADIAND RAD 0 ouT DiIG | LATA<O> data output; not afactad by anafog input,
1 IN TTL |POATA<O> dzta input; disabled when analog input enabled,
AND 1 IN ANA | AD input chenne! 0 and Comparator C1- input. Detaul configuiation
on POR; doss not affact digital output.
RAT/ANt RA1 0 ouT DG | LATA<1> data output; not affected by analeg input.
1 IN TTL |PORTA«<i> dxa input; rads ‘o' on POR.
AN1 1 IN ANA | AD put chennal 1 and Comperetor C2- input. Defauk configuration
on POR; dogs notl affact digital output.
RAIANY RA2 o | OUT | DIG |LATA<2> dataoutput; not effectad by analog input. Disabled when
VREFJCVREF CVREF cuipud enablad.
1 IN TTL |PORTA<2> d=ta input. Disabled when ansleg functions angbled;
dis=bled when CVREF output enabled.
AN2 1 IN ANA | AD input channel 2 and Compargtor C2+ input Default configuration
on POR: not effeciad by analog output.
VHEF- 1 IN ANA | AD end comparetor woltage reference low input.
-CVREF x~ | OUT | ANA |Comparstorvoliage reference cuiput Enabling this fontura disablos
digh=! 1O,
RAZ/ANY RA3 0 ouT DG |LATA> data output; not afacted by angog Input.
VRER: 1 IN | TTL |POATA<3> deta input; disablad when analog input enabled.
AN3 1 N ANA | AD input channel 3 and Compargtor C1+ input Default configuration
on POR
VREF+ 1 IN ANA | AD and comparator voltaga refarance high input.
RALTOCKY RM 0 ouT DIG | LATA<4> data output, not afeciad by snalog input.
C1OUTRCY 1 IN | ST |POATA<t>daiainput; disabled when analog input enabled.
ToCKI 1 IN ST | Timar0 dock input
ciout 0 ouT DIG | Comparetor 1 output; takas priority over poit daka.
ACvY x IN TTL |Extsma USB trenscolver RCY input.
RAS/IANASS RAS 0 OUT | DIG |LATA<S> dats output; nct affectad by snalog input,
HLVDINC20UT 1 IN | TTL [POATA<S> dta input; disablad when analog input enabled.
AN4 1 IN ANA | AD inpit charnel 4. Default configuration on POR.
85 1 IN | TTL |Si=veselsctinput for SSP {MSSP modulc).
HLVDIN 1 IN ANA | HighiLow-Voaoe Detect axtamal trip point input,
C20UT 0 ouT D!G | Cemparator 2 output; takes priciity over port data,
QOS02A/CLKY QO8C2 x OUT | ANA M cecfator foedback cuiput connacbon (ad XT and HS modes).
RAB CLKO x ouT DiG | Syctem cyche clock output (Fosc/d); avalable in EC, ECPLL and
INTCKO modas.
RAS 0 ouT DIG | LATA<G> deta output, Avadable only in ECIO, ECPIO and INTIO
modas; ctherwise, reads es ‘o',
1 IN TTL | PORTA<8> dets inpul. Available only in ECIO, ECPIO and INTIO
modes: otharwise, reads as ‘o’

R3WT 2.6 LaATEAZEamIaY PORTA 1O
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Resget

Name ait7 Bit6 Bit§ ena o3 Bit 2 BH 1 Bit0 | values

on page

PORTA “— | Ragt) RAS RA4 RA3 RA2 RA1 RAQ 54
LATA — * { LATASIY | LATAB | LATA4 | LATA3 | LATAZ | LATAY | LATAD 64
TRISA — | TRISAGtY| TRISAS | TRISA4 | TRISA3 | TRISAZ | TRISA1 | TRISAO 64
ADCON1 o 1 -= Ji| veFa1 | VCFG0 | PCFG3 | PCFG2 | PCFG1 | PCFGO 62
CMCON c20UT. | crouT| canv [ cinv | cis CM2 M1 CMo 83
CVRCON | CVREN | CVROE | CVRR | CVRSS | CVR3 [ €VR2 | CVRI | CVRD 53
UCON “— | PPBRST;| SE0 | PKTDIS | USBEN |RESUME |SUSPND| — 55

-I -l i - - ar L
ANTIaN 2.7 e nagliRame dniusiunas A
Frasuneman: — = Lifiqunsafsessnilian o usslusadnidfiuslililunedn A

2.5.8.2 PORTB, TRISB Was LATB Register

PORTB §i 8-bit 1ilu Port 2 ietna TRISB #a Register Tiayalauas nnaadn
TRISB = 1 azhn1¥zraes PORTB iy Input ueznaiARes bit 983 TRISB bit (= 0) axvinly
PORTB witawiiu Output

Data Latch register (LATB) A mrdﬁm&a'lﬂﬁ memory NTNNITUI8Y Read-
modify-write 789 LATB Az uua@tmuAn1es Output ﬁqnm‘nﬁ'\ﬁu PORTB
usaz11793 PORTB # pull-up nelugiau bit fimuAnuLLBaa el can pull-up
Favua ﬁﬁ'ﬂnﬁ?ﬁ'\e'\ﬂﬂﬂn’]ﬂﬁﬁﬂ?ﬁm RBPU (INTCON2<7>) weak pull-up is azQnilf
TnednluiRiilennges Port gnimmuaidwviian Output Tae pull-up arlsivinanuiile
Power-on Reset |

4 97799 PORTB (RB7:RB4)} lianunusianiziilu interrupt on-changefiifeTn il
Tasaafraiflu input fianunsoinl¥ifia interrupt 18 usitnlae Tw RB7:RB4 (U Output faz
gnuenaanann interrupt on-change (ufuFuudeuun Tnganignieufeuiideya
fgume ORed Wndaafu WievalWitia RB Port Change Interrupt S with Flag bit,

RBIF (INTCON<0>)
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Pin Function S:IF:}rslg Vo | VO Type Deacription
RBO/AN12/ RBO 0 ouT DIG LAT B0 data output; not affacted by analog input.
L;NJESTJTW 1 iN TTL |PORTB<U> data input; weak pull-up when RBPU bit is cleared.
Disablad when analog input enabled.(
AN12 1 IN ANA | AD input channet 12,7
INTO 1 IN ST External interrupt G input.
FLTO 1 IN 8T Enhanced PWM Fault input {(ECCP1 module): enabled in software.
SOl 1 tN ST | SPI data input (MSSP modhule).
SDA 1 ouT DG HC™ data output (MSSF module); takes priority over port data,
1 IN | PC/SMB |12 data input (MSSP moduls); input typs depends on module selting.
RBI/AN10/ RBt 0 ouT DIG LATB<1> data oulput; not aftectad by analog input.
ggs/scm 1 IN TTL |PORTB<1> data input; weak pull-up when RBPU bit is cleared.
Disabied whan analog input enabled. (!
AN10 1 IN ANA | AD input channel 10.01}
INTH 1 iN 8T External interrupt 1 input.
SCK 0 ouT DIG 8Pl elock cutput {(MSSP moduls); takes priority over port data,
1 IN 1) 8PI clock input (MSSP module).
SCL 0 OUT | DIG [12C clock output (MSSP module); takes priority over port data.
1 IN | Fc/aMB | 2C dock input (MSSP module); input type depends on module satling.
RB2/ANY RB2 0 ouT DIG | LATB«2s> data output; not affectad by analog input.
INT2VMO 1 IN TTL | PORTB<2> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabted.{)
ANB 1 IN ANA | A/D input channel 8.1
INT2 1 IN ST External interrupt 2 input.
VMO ] OuUT DIG External USB transceiver VMO data outpul.
AB3/ANY/ RB3 [ ouT DIG LATB«<3> data output; not affected by analog input.
CCR2/VPO 1 IN TTL |PORTB<3> data input; weak pull-up when RBPU bit is cleared.
B T Disabled when analog input enabled.()
AN9 1 IN ANA | A/D input channet 8.1
ccp2@ o OUT | DIG |CCP2 Compare snd PWM outpet.
1 IN ST CCP2Z Capture input.
VPO 0 ouT DIG Extermnal USB transceiver VPO data output.
RB4/AN11/ RB4 o ouTt DIG LATB<4> data output; not affected by analog input.
KBIO/CSSPP 1 IN TTL |PORTB<> data input; weak pull-up when REPU bit is cleared.
Disabled when analog input snabled.(*
ANH 1 IN "ANA | A/D input channel 11.(%}
KBI0 1 IN TTL Interrupt-on-pin change.
[l 0 ouT DIa SPP chip select control output.
RBS/KBI1/ RBS 0 ouT DIG LATB<5> data output,
PamM 1 IN TTL | PORTB<5> data input; weak pull-up when RBPU bit is cleared.
RB&/KBIR/ RB& Q ouT DIG LATB«<6> deta output.
PGC 1 IN TTL | PORTB<6> data input; weak pull-up when REPU bit is cleared.
KBI12 1 1IN TTL Irterrupt-on-pin change. ]
PGEC x IN 8T Ssrial execution (ICSP™) clock input for ICSP and ICD operation. @
RB7/KBI3/ RB7 1] QuUT DiG LATE<7> data output,
PGD 1 IN TTL PORTB<7> data input; weak pull-up when RBPU bit is cleared.,
KBI3 1 IN TTL Interrupt-on-pin change.
PGD x QUT DIG Sarial execution data output for ICSP and ICD operation ¥
x IN ST Seral execution data input for ICSP and ICD eperation. (!

o _ .
A1319% 2.8 m1auamaaill VO wedin
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2.6 Linear Hall Effect Sensor UA1301
Linear Hall Effect Sensor A1301 tflu sensor NflgUuLL package wuv UA 3agnasn
-l - » - 1 o [ Y4 1 1 -l
wuuIifilss@nininlunasian voltage output FusiutivuaifudndaufuArgunuudivn
J . J 1 Qr -‘ v -y 4‘ 4‘ ¥ - -l
7 applied IAENAILNAUENFUAZTIAIL TENUATIVMTIBIATLINAURIN power supply UaLH

A" output sensitivity Usznnu 2.5 mv/G Tnafidnwnusisudail

1 -1 | . n'
A1 output AlATAN noise AN

nulimnif

A1 Ratiometric lHEudan

Guvnauludnauniu 45 V-6.0 V.

FERE
daiels

nunusa WA anm

Package UL Package UA

. mﬂrzqaruﬂmgﬂﬁnungﬂ WUy Package 984 Linear Hall Effect Sensor

Number
Symbol Package LH | Package UA Description
VCC 1 1 Connects power supnly to chip
VOUT 2 3 Qutput from circuit
GND 3 2 Ground

o .
ANTI4T 2.9 uLAMILRLIDEMYI1TEY Linear Hall Effect Sensor
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—_———————e

vauTt

UM 2.10 warslaazunsugUuuunI 1947999 Linear Hall Effect Sensor

Characteristic Symbol Notes Rating Units

Supply Votage Vee B v
Qutput Voliage Vour 8 v
Reverse Supply Vollage Vree 01 v
Reverse Supply Voltage Vree 201 y
Output Sink Current bour 10 mA
QOperating Ambient Temperature T Renge € ot i
Range K 400 125 °C

Maximum Juncfion Temperature T fmax) 165 L
Storage Temperalure Tgy 6510 170 "

AITIN 2,10 UAAINTAIGIgAANYTOIne Linear Hall Effect Sensor
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Characteristic Symbol Test Conditions Min. | Typ. | Max. | Units
Electrical Characteristics
Supply Votage Voo |Running, T,<165°C 5 | - | 6 |V
Supply Cument le | Quiput open = =1 m

'} T =nomi | ) -
OuptVotage ouTtigy |'sounce =1 MA, Sens Flom nal 465 | 47 v
Vourion |law = 1 MA, Sens = nomina - [ 02 (08| V
Output Bandwidth BW -] -] ke
. chmloo.%VmBHMUO G _
PoterOnTime b lewralo=45Vistod 5 V00 NS RN
Output Resistance Rom [l 1A lgoupee 2-1MA -1 27932
, Extemnal oufput ko pass fter € 10kHz,;

Wide Band Output Noise, ms Vouny Sens = i - |1 - |
Ratiomelry
Quiescent Output Voltage Emor - oo 1.
i respect AV WVourop [Ta= 25% 80 %
Magnelic Sensitivity Emor with e R
espetlo V. BSensyy |Ty= 25%C 830 %
Qutput
Linearity tin [T,z 25°C - - |25 %
Symmelry Sm o |Ty= 250 - = 80 %
Magnetic Characteristics
Quiescent Quiput Voftage Vg [B=0GTy= 26°C 4 25| 28]V
Quiescent Output Voliage over - - lag |y
Operating Temperature Range Vourgry (3206 22 '
T s AT Ty = 26°C 20 | 25 | 30 | mViG
agell vens AT, 5 0| 13 ] 16 | mvi
Magnefic Sensivly over L 18] - | 32 |mi
Operating Temperature Range LRI 085 | - [ 175 [ mviG

e v

-l ' ] o
0 e o PNV 2,11 LAAINATARUAUDITEN Linear Hall Effect Sensor uusasRauly

- -
Wadnguugivniu T, uax V=5V

(Nagratinn Tpmanaesr rg Paree - L




24

2.6.1 Quiescent Output Voltage

Tugnuzasfindnfe lifluranaunuivinniouan (B=0) Arresussiuanying
1 L] [ ] 1 ’ o’ o 4 1] 1
(Vouta) TiAminiuATanTiaadmusasiuann power supply (Vee) Ttladeiidanasarang
[ - « 1) - . - 1 | T [ - -
WNALAMINY A9 A Vee uar gaulrasdeuandan Jaenandalddiurasuaiymiludaidy

AN AV uaz AT, Tanannsnatunslsidn
AV, -AV

_ OUT(AT,) OUT(25°C)
AVOUT(AT,.) = S (1)
ens(ZS'C)

4 1 o i i L] L] J 1
TotfiAn Sens Ae nataegUnsafiiauuwivimelfaunnd(Giddiniaailu mv/c

2.6.2 Sensitivity

e applied AN uN mﬁn%’ﬂﬁ(m) 'luﬁ’nnm:équmnﬁ’uﬁqﬁqqﬂnﬂﬂ aem Al
wINAUBIYM (Vout) rduudndoutumauuiminilddnllann Vouta T vee
Tunwnduiuwan applied aumimdndawmile (-B) TwiuAnteafiamagqunsaiazinlidn
WIFULEVIYM (Vout) anasanAusfuiudu InuArdndausandraanunsaasunaluglan

magnetic sensitivity 184gUnsnlldan

V -V,

AIMIATIETIRAN magnetic sensitivity 1aeguUnsalilluiaiduiuguugiRewanfon Teazli

AHENRuTaIA L aFITWAT93 ASens ) 1

Sensr,, — Se

ns .
27E) . 100% (3)

ASens, =
(AT,)
Sens( 250

2.6.3 Ratiometric
AFUA ratiometric output 784 A1301 WAT A1302 wNnBliaAn quiescent output-

voltage(Vouta) WAzA" magnetic sensitivity (Sens) iJudndauiiu power supply voltage(Vec)

TasAnnTiasuwlaq ratiometric (%) Tu quiescent output- voltage azuanalsidn
AV _ AVOUF(VO—- y XA Vowg(w) (@)
ouTenr) = V.. x5V

C

uazAN UALULLRY ratiometric (%) T sensitivity Hanify
Sens, ,/Sensy,

x100% (5)
Ve ISV

ASens =
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2.6.4 Linearity and Symmetry
.y , J .
ATNTUANUE on-chip E]ﬂ'ﬂﬂﬂLLUU.lﬁLLﬁﬂQﬂﬂ’luleﬂLLTQﬂu‘II’f]Q power supply

] - ] - [ 1 - [ =3 i J E -
Wity 5 v. dufuqunsaiafianasoinunieldaunnusivinAge Iileen il

. 4 ' . - .
AHEEMIe uwAAoutput Heenuiarllifhudadu wWefinudrouiiudadudwauwlfaan

v .
Lint =—2"T08 U0+ 100% (6)
Z(VOUTHB}S) ~Vourg
Vv -V
Lin—=—2TC® om0 . 100% (7

Z(VOUT(—EJ/Z) - VOUIQ
WATA output symmetry AN

V .
oUTB) o0  »100% (8)

Sym =
Z(Vourg - VOUIQ(—B))
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3.2 lulasaaulnsaraad

28-Pin PDIP, SOIC

WRrveemEs —C1 20[] = RBTXBIYPGD
RAVANG =— [ ]2 27[] == REBSKE2ZPGC

RA1/ANT =— g 24[7] == RBEKEI1/PAM
AL ANZN REF-CVREEF +—=|_|4 85 }w—= RBU/ANTIKED
RAVANIVREF == []& wn ﬁ 24 ) == RBVANGCCP2'WFO
ammockiciouracy (s @B .o RezanswtzvMo
RASANLEEHLVDING20UT »—+ [}7 g [ 22[7] ++ RBIANIDANT/SCKBCL
ves—=[]8 ge 21[] +—+ RBWANIZANTOFLTO/SOVEDA
oscicKI—e e Ug 20 «— oo
oBCTLKORM ~—I[ 10 B 19[]— voe
RCOT OBKGIT ICKI »—e- []11 18] ~— RCTAXDTSDO
ACUTtOBMCCPRIVOSE -—-[12 17[] +— RCHTIHCK
RE2ICCP1 —[13 W] - RCSOWVE

717 3.2 uanea 984 PIC 18F2550

cmsde o .
auaniind1Agguesiniarasuinsanaf PIC18F2550

od
- ilululasreuinsaisesilidRgaun

seafunisidansie USB V2.0
- ﬂﬂfuﬂqumi"myﬁu,mfﬁumaﬁ"ﬂﬂ,uaznwi{ﬂmiﬁa:ﬂﬂwu Bulk uaz Isochronous
- melufimdrsarudiusunsufluuuuwatay uas@euludlaivilauauaia
N 9 1 3 -\' [l L] ld
- whaanudndiayauguiumieanuduuuwsiawn 2048 1w uaz

WILATINATLLIL DNTBNTUIR 256 TUF

finasa 170 5 wafm L vENTBINE TR 17O aunTnasuNTTuUnI M U LA

L 4 L d J o )
m'manum:ﬂmqﬂmmmﬂuﬂnnmmWa

smesafuuLusedian s sadndtdfduymuasiansyn

- #iTuge nalinef 4 v

- A/D converter 1u1a 10 Tim, 13 97uua Ao

- TugawafagynsnuuL Master Synchronous S1LIAYU WWLSPI 3 4781, kUL Ne
Wlvua awmefuardaann

- finaedanintinailusin

- filanainreseestiameMansawdsuudals

- # Capture/Compare/PWM(ECCP) luga WA

- gunsn@eudaulsunsy C Complier 'lﬁnﬂﬁﬁqmo'l"mmqtﬁﬂniun'lﬂ-nmﬁﬁﬁ"q
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MsARRBAULCD module auntnfinfalfiandutiu Ae wUL4bit WAZWLIL Sbit

PORY
—tAorBor
CoD

U7 3.5 usmnsdias auamINALCOULLBDIt

[
- o alal

ar -J o v o
Amiulugs LCOMmN I wanGsaliilugawuy LCD dnws 1 ustin (LCD16x1)

4 ) J !
iWiasanaagn wide uasiuluga LCD Afilanairaduunsgru LCDTv i

e

b -~ o - - o - o ) -y Al
YNUHA 14 11 Nﬂ'l?"iﬂ'ﬂqﬂ\l-h-lzﬂﬂ ﬁ'l“ﬂ.lﬁﬂﬂ:l‘ﬂﬂﬂnqmqﬂquﬂﬂ\lllﬂﬂz'ﬁ'\Nﬂqu

il Fe ninnlyam
1 GND ADAUNSTIANDIHAT
2 Vg woduTidas +5v
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0 : AnmafLTinIMAfATHY

- F e a2 =
[ iznnﬂaﬁmwma{ﬂaqﬂxﬁaquﬂﬂuﬂmﬂa

5 W lﬁuwﬁaﬂmﬁhuﬂfa&s\lﬁgnﬁu?uqa LCDh
6 E | dundmsuloudysuRedduedaliuan LED viow
[ O IR PR I P TR =t D O e L T " . v
Vs [ VpoDy | Whuwdayn 8 s Tneldn 7 A2 Do Telksuten 14 fo D7
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 J Prms = ITIHS.VHM
display
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win¥avaau( 1000W)
afort fi&a L (W)
1 985
2 957
3 956
4 952
5 955
6 956
7 952
8 952
9 954
10 951
win _ 954
error 4.60%

J ar J -
Ag1sd. 1 ugansnisiaeraaldiwialiomiTainnan)

wia(1000W)

afadl AFSIHA(W)
1 1050
2 1044
3 1040
4 1041
5 1038
6 1036
7 1035
8 1032
9 1033
10 1030

wdy 1037.9

error 3.79%

A15190 4.2 ugaananmineia g IWHsiamiTe
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ietaavinuendau(750W)
akadd A& WA(W)
707
708
709
710
710
710
710
709
710
709
1 709.2
error 4.08%

DY ®O®NOOAWN

J . o 4 e a
ANTITN 4.3 uamnanirinaieald Wi siaiataaminnie

4.2 agduaniInases
L4 ] hd [ <4 1 ] - J - '."4
ANNIMAaTAAMNAGIINRY AL AN aAana e lwATe 1T IWHA anu lindy
] ° ar H :’1 -l - y - J
mn'lm'lﬂﬁ'lﬁ"l.ﬁq'mm?ymamuuqzummumwmmLﬁ'aLﬁﬂunu‘nmnuum?ml‘ﬁwﬁﬂ
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Source Code



/*
* Project name:
Watt meter (Simple demonstration of the LCD Library functions)
* Copyright: .
(c) MikroElektronika, 2005.
* Description:
a simple walt meter
* Test configuration:
MCU: P18F2550
Dev.Board:  EasyPIC3
Oscillator:  HS, 04.0000 MHz
Ext. Modules: LCD 2x16
SW: mikroC v6.0
* NOTES:
None.
*/
char *text = "WATT METER",

char *textl = "start"™;

unsigned int read_ADC()
{
unsigned int téﬁfp;
temp =0;
ADCONO = 0x03;
while(ADCONO0&0x02)
continue;
temp = ADRESH;
temp <<=8§;

return {temp]ADRESL);

Bk AT (e




unsigned int capture_input()
{ .
int i;
unsigned int xin{128] ;
for(i=0; read ADC()<500 || i>128; i++)

continue;

for(i=0; i<128; i++)
{
xin[iJ = read_ ADC();
return xin[i];
" xinfil=0; "

}

void compute_THD()
{
char buffer[32];
int a,);
unsigned int zin[128];
float n;
a=0; n=0;
for(§=0; j<128; j++)
{
zin[jl=capture_input();
a=((zin[j]- 520));
n+=(a*a) ;
a=0;
}
na{((s4rt(n/128))/28.4)*220);
sprintf{buffer,"%-4.0f WATTS",n);
Led Cmd(L.CD_SECOND_ROW);




Led_Out_CP(buffer);
}

void main()

{
unsigned short btnRes;
Delay_ms(100);
ADCONI = 0x0E; / ADCO = analog input*
ADCONO = 0x00; // select channel 0
ADCON2 = 0x92; // ADC frequency = FOSC/32
TRISA = 0xFF; // PORTA is input
TRISB = 0; // PORTB is output
PORTC = 0xFF;
TRISC = 0x02; // PORTC is output port

Delay ms(1000);

Led_Init(&PORTBY; // Initialize LCD connected to PORTB
Led Cmd(LCD_CLEAR);,  // Clear display

Led Cmd(LCD_CURSOR_OFF); / Tum cursor off
IA:d_but(l,3, text);  //Print text to LCD, 2nd row, 1st column
Led_Cmd(LCD_SECOND_ROW);

Lcd _Out_CP(textl);

while(1})

{
compute_THD();

Delay_ms(1000);
b
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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:

« USB V2.0 Compliant

* Low Speed (1.5 Mb/s) and Full Speed (12 Mb/s)

» Supports Control, Interrupt, Isochronous and Bulk
Transfers

+ Supports up to 32 Endpoints (16 bidirectional)

» 1.Kbyte Dual Access RAM for USB

* On-Chip USB Transceiver with On-Chip Voltage
Regulator  "*_

* Interface for Off-Chip USB Transceiver

+ Streaming Parallel Port (SPP) for USB streaming
transfers (40/44-pin devices only)

Power-Managed Modes:
.Run: CPU on, peripherats on

Idle: CPU off, peripherals on

Sleep: CPU off, peripherals off

Idle mode cutrents down to 5.8 pA typicai
Sleep mode currents down to 0.1 pA typicat
Timer1 Oscilltator: 1:1-pA typical, 32 kHz, 2V
Watchdog Timer: 2.1 pA typical

Two-Speed Oscillator Start-up

Flexible Oscillator Structure:

» Four Crystal modes, including High Precision PLL
forusB
+ Two External Clock modes, up to 46 MHz
* Internal Oscillator Block:
- 8 user-selectable frequencles, from 31 kHz
to 8 MHz ) . :
- User-tunable to compensate tfor frequency drift
+ Secondary Oscillator using Timer! @ 32 kHz
» Dual Oscillator options allow microcontroller and
USB module to run at different clock speeds
* Fail-Safe Clock Monitor:
- Allows for safe shutdown if any clock stops

1t .

BT RN S TTNLE | ].1..‘1.!'\ Ay pitily v by o v

Peripheral Highlights:

High-Current Sink/Source: 26 mA/25 mA

Three External Interrupts

Four Timer modules (Timer0 to Timer3)

Up to 2 Capture/Compare/PWM (CCP) modules:

- Capture Is 16-bit, max. resolution 5.2 ns (TcY/16)
- Compare is 16-bit, max. resclution 83.3 ns {TcY)
- PWM output: PWM resolution is 1 to 10-bit
Enhanced Capture/Compare/PWM (ECCP) module:
- Multiple output modes

- Selectable polarity

- Programmable dead time

- Auto-shutdown and auto-restart

Enhanced USART module:

- LIN bus support

Master Synchronous Serial Port (MSSP) module
supporting 3-wire SPI {all 4 modes) and 12c™
Master and Slave modes

1G-bit, up to 13-channe! Analog-to-Digital Converter
module (A/D) with Programmable Acquisition Time
Dual Analog Comparators with Input Multiplexing

Special Microcontroller Features:

C Compiler Optimized Architecture with optional
Extended Instruction Set

100,000 Erase/Write Cycle Enhanced Flash
Program Memory typical

1,000,000 Erase/Write Cycle Data EEPROM
Memory typical

Flash/Data EEPROM Retention: > 40 years
Self-Programmable under Software Control
Priority Levels for Interrupts

8 x 8 Single-Cycle Hardware Multiplier
Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s
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
108t [CCP/ECCP o Timers
Device | Flash | # Single-Word | SRAM (EEPROM | YO | oy eyl pwmy | SPP | gp) [Master| & BHE-BIt
{bytes}| Instructions | (bytes) | (bytes) e | g
PIC18F2455 | 24K 12288 2048 256 | 24 | 10 2/0 No | ¥ Y T 21 153
PIC18F2550 | 32K 16384 2048 956 24 10 2/0 No | ¥ Y 1 ]2 113
PIC1BF4455 | 24K [ . 12288 , 2048 256 35 | 13 17 Yos | Y Y 1 ]2 11
PIC18F4550 | 32K 16384 2048 256 |35 | 13 1 Yes | Y Y 1 2] 1A

® 2006 Microchip Technology Inc.
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Pin Diagrams

28-Pin PDIP, SOIC

[+)
MCLRVPPRE3 — []1 ~ «—= RB7/KBIZPGD
RAC/AND =—=[|2 «—+ RBG/KBIZPGC
RA1/ANT =—[]3 -« RBS/KBI1/PGM
RAZ/AN2/VREF-/CVREF = []4 - RB4/AN11/KBID
"~ RAAJANAVREF+ =[5 e - RBVANS/CCPZNNVPO
RA4/TOCKUC1OUTMRCY ~—{]8 ﬁ ﬁ «— RABZANGINT2VMO
RAS/ANA/SSHLYDIN/AC20UT »—-}7 [Pl T «—= RB1/ANTOANT1/SCK/SCL
vss—[]8 2R <= RBOAN12ANTOFLTO/SDISDA
osc1/cLK —- [ co -~— VoD
OSC2ICLKOMAS =—[]10 oo -~ V8§
RCOT1OSOM13CK) =—=[] 11 e RCIRAXDTSLO
RC1/T10SVCCP2MMAU0E -— []12 e RCETXICK
- . s = ~ . RO2CCP1-+—=[]13 «— RC5/MD+VP
—_ . Vuss =—=[J14 «—s RCA/D-VM

etk YW

40-Pin PDIP
- o
MOLRVPR/RE? — [] 1 40 [J «— RBT/KBIZPGD
RAO/AND =—e[ 2 39 [J =——» RB&/KBI2Z/PGC
RATANT =—=[]3 38 [] =— RBS/KBI/PGM
RAZ/AN2/VREF-/CYREF ~—[] 4 37 [1 =——= RB4/ANT1/KBIO/CSSPP
RA/ANINVREF+ =[] & 38 [J =—— RABIANY/CCP2IVPO
RA4/TOCKUCIOUTACY =—=[]6 35 [ = RBZ/ANS/INT2ZVMO
RAS/AN4/SS/HLVDIN/CZOUT -—[] 7 34 [] =«— RB1/AN1OINT1/SCK/SCL
REVANS/CK1SPP -—=(] 8 e 33 [ =—— RBO/AN12INTO/FLTO/SDUSDA
RE1/ANG/CK2SPP —=—=[] 9. § § 32 [1 =—— VoD
RE2/ANT/OESPP ~=—[]} 10 il 3t -—vss
Voo ——=[J 11 ©® 30 ] =—= RD7/SPP7/F1D
Vs —=[112 (43 4] 29 [] =— RDB/SPP&PIC
OSCI/CLKI —=[]13 & 28 [ =—— RDS/SPP5/P1B
OSC2/CLKOMAE »——~f] 14 27 [0 = RD4/SFP4
RCOT10SO/T13CK] ~—[] 15 26 {1 =— RCT/RX/DT/SDO
RCA/T10SIICCPZMUGE -—-E 16 25 [1 = RCE/TXCK
RC2/CCP1/P1IA -—[] 17 24 [] «—» RCSMD+VP
Vuss =—-—=[] 18 23 ] -=——= RCA/D-VM
RDU/SPPO ——[] 19 22 [] =« RDI/SPP3
RD1/SPP1 =—[] 20 21 [] =—— RD2/SPP2

Note 1: RB3 is the altemate pin for CCP2 muliplexing.

DS39632C-page 2 Preliminary @ 2006 Microchip Technology Inc.
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TABLE 1-2: .. PIC18F2455/2550 PINOUT VO DESCRIPTIONS

Pin
Number
Pin | Buffer
Pin Name
POIP, Type | Type Description
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.
vepP P Programming voltage input.
RE3 I ST Digital input.
OSC1/CLKI 9 Oscillator crystal or external clock input.
0sC1 I | Analog Oscilllator crystal input or external clock source input.
CLKI | Analog External clock source input. Always associated with pin
function OSC1. (See OSC2/CLKQ pin.)
Q8C2/CLKO/RAE 10 Oscillator crystal or ciock output,
Qscz2 R O —_ Oscillator crystal output. Connects to crystal or resonator in
| e — S - — Crystal Oscilator mode.
CLKO O — In selact modes, OSC2 pin outputs CLKO which has 1/4 the
N frequency of OSC1 and denotes the instruction cycle rate,
RAG T vo | TTL. General purpose /O pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O =0Output P = Power

Nole 1: Alternate assignment for CCP2 when CCP2MX Contiguration bit is cleared.
2: Default assignment for CCP2 when CCP2MX Configuration bit is set.

AR
- et Trage (RS W
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TABLE 1-2: PIC18F2455/2550 PINOUT YO DESCRIPTIONS (CONTINUED)

Pin
Number n
PinNeme | — T';'pa E.’r:ggr Description
SoIC
PORTA is a bidirectional ¥O port.
RAO/ANC 2
RAOQ IO TTL Digital 1/O.
ANC I Analog Anglog input 0.
RA1/AN1 . 3
RA1 o TTL Digital O,
AN1 | Analog Analog input 1.
RAZ/AN2NVREF-/CVREF 4
RA2 Vo TTL Digital YO.
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 1o TTL Digttal VO,
AN3 P | Analog Analog input 3.
VREF+ I Analog A/D reference voltage (high) input.
RA4/TOCKI/C10OUT/RCV 6 :
RA4 e Vo ST Digital YO.
TOCKI > I ST Timer0 external clock input.
ciout o] — Comparator 1 output.
RCV | TTL External USB transceiver RCV input.
RAS5/AN4/SS/ 7
HLVDIN/C20UT
RAS o TTL Dighal VO.
AN4 | Analog Analog input 4.
55 | TTL SPI slave selact input.
HLVDIN I Analog High/Low-Voltage Detect input.
c20UuT : ' 8] — Comparator 2 output.
RA6 . — — —_ See the OSC2/CLKO/RAE 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.

@ 2006 Microchip Technology Ine. Prel iminary DS38632C-page 13
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—__
TABLE 1-2: PIC18F2455/2550 PINOUT /O DESCRIPTIONS (CONTINUED)
Pin
Number| pin | Buffer
Pin Name
POIF, Type | Type Description
SOIC :
PORTB is a bidirectional IO port. PORTE can be software
programmed for intemal weak pull-ups on all inputs.

RBO/AN12/INTO/FLTO/ | - 21
SDI/SDA

RBO o TTL Digital 1O.

AN12 [ Analog Analog input 12,

INTO | ST External interrupt 0.

FLTO | ST PWM Fault input (CCP1 module).

SDI | ST SPI data in.

SDA 1o | ST [2C™ data VO.
RBU/ANTQ/INT1/SCGIHr 2 w22 [ 3 o b}z =gt WER A '
SCL e — ] e—— -

R ¥ T= S50 TIL | Digitat vo.

AN10 | Analog Anglog input 10.

INT1 | ST External interrupt 1.

SCK o ST Synchronous serial clock input/output for SPI mode.

SCL le; ST Synchronous serial clock input/output for [*C mode.
RB2/ANS/INT2ZVMO 23

RB2 SUiu o TTL- Digital VO.

AN8 | Analog Analog input 8.

INT2 | ST External interrupt 2.

VMO o — External USB transceiver VMO output.
RB3/ANS/CCP2VPO 24

RB3 YO TTL Digital L'O.

AN9 | Analog Analog input 9.

ccp2(l o | ST Capture 2 input/Compare 2 output/PWM 2 output.

VPO o — Extemal USB transceiver VPO output.
RAB4/AN11/KBIO 25

RB4 f{e] TTL Digital /0.

AN11 | Analog Analog input 11,

KBIlO | TTL Interrupt-on-change pin.
RB5/KBI1/PGM 26

ABS WO TTL Digital O,

KB | TTL Interrupt-on-change pin.

PGM o ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI2PGC 27

RB6 o TTL Digital /0.

KBI2 l TTL Interrupt-on-change pin.

PGC 1o ST In-Circuit Debugger and ICSP programming clock pin.
RB7/KBI3/PGD 28

RB7 f{e] TTL Digital 'O.

KBI3 o | TTL Interrupt-on-change pin.

PGD T o IO ST In-Circult Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input: CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS levels |

0O =Cutput

Note 1:

= Input
P = Power

Alternate assignment for CCP2 when CCP2MX Configuration bit is cleared.

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

i4a
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PIC18F2455/2550/4455/4550

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

Pin
Number | p;
. Pin | Buffer
Pin Name Description
pDIP, | TYPe| Type P
SOIC
PORTC is a bidirectional I/O port.
RCO/T10SO/M13CKI 11
RCO lle} ST Digital I/O.
T1080 0 — Timer1 oscillator output.
T13CKI t ST Timer1/Timer3 external clock input.
RC1/T10SCCP2/UQE 12
RC1 e} ST Digital L/O.
T10S! 1 CMOS Timer1 oscillator input.
ccp2® 1O ST Capture 2 input/Compare 2 output/PWM 2 output.
UQE — — External USB transceiver OE output.
RC2/CCP1 13
RC2 fie} ST Digital 1/O.
CCP1 IO sT Capture 1 input/Compare 1 output/PWM 1 output.
RC4/D-VM ' - 15
RC4 - | TTL Digital input.
D- Mo Vo — USB differential minus line (input/output).
VM - I~ TTL External USB transceiver VM input.
RC5/D+/VP 16
RC5 | TTL Digital input.
D+ o — USB differential plus line {input/output).
VP (0] TTL Extemal USB transceiver VP input.
RCH/MY/CK 17
RC6=~ o ST Digital 1/O.
™ 0] — EUSART asynchronous transmit.
CK LK ) O ST EUSART synchronous clock {(see RX/DT).
RC7RXDT/SDO 18
RC7 f{e} ST Digital I/O.
RX | ST EUSART asynchronous receive.
DT o ST EUSART synchronous data (see TX/CK).
sDO o) — SP! data out.
RE3 - —_ —_ — | See MCLR/A/PP/RES pin.
Vuse(-+ 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 I/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: Detault assignment for CCP2 when CCP2MX Configuration bit s set.

[Tt |

m
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20 OSCILLATOR
 CONFIGURATIONS

2.1 Overview

Devices in the PIC18F2455/2550/4455/4550 family
incorporate a difterent oscillator and microcontroller
clock system than previous PIC18F devices. The addi-
tion of the USB module, with its unique requirements
tor 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
baen added to accommodate a wida range of oscillator
frequencies. An overview of the osclllator 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 oscillator in PIC18F2455/2550/
4455/4550 devices.iswontrolled through two Configu-
ration registers and two control registers. Configuration
registers, CONFIG1L 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
deyjge is reprogrammed.

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

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

22" Oséifiatof 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:

AW 1a b il e

1

Jiwaun g oat - T

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 RAG

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

8. ECPIOQO External Clock with PLL enabled,
IfO on RAG

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

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

11. INTIO Internal Oscillator used as
microcontroller clock source, EC
Oscillator used as USB clock source,
digital YO on RA6

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

221 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 cors and
other peripherals can be separately clocked from the
secondary or intemal oscillators as before.

Because of the timing requirements imposed by USB,
an intemat 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
osclllater, 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
“QOscillator Settings for USB".

® 2008 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 serles cut crystal may give a fre-
quency out of the crystal. manufacturer's

TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR
Crvstal Typical Capacitor Values
rys 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

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
VoD and temperature range for the application.

See the notes following this table for additional
information.

Crystals Used:

4 MHz

8 MHz

20 MHz

) specifications. !
FIGURE 2-2: CRYSTAL/CERAMIC
RESONATOROPERATION
(XT, HS OR HSPLL
CONFIGURATION)
a1 osc
R Intemal
COXTAL " " 7|\ A3 Logic
Re® . Slesp
Y o7~ Ll I T oscz- L PIC18PXOX
Note 1: See Table 2-1 and Table 2-2 for initial values of
ClandC2,
2: A series resistor {RS) may be required for AT
strip cut crystals.
3: AF varies with the oscillator mode chosen.
Spmepeanpn
TABLE 2-1: CAPACITOR SELECTION FOR
CERAMIC RESONATORS
Typical Capacltj)r Values Used
Mode Freq |~ 0Sc1 | osc2
XT 4.0 MHz 33 pF 33 pF
HS 8.0 MHz 27 pF 27 pF
16.0 MHz 22 pF 22 pF

Capacltor values are for design guidance only.
These capacitors were tested with the resonators
listed below for basic start-up and Operation, These
values-ére not optimk zeg———‘* —
Different capacitor values may be required to produce
acceptable osclllator 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.

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

2: When operating below 3V VDD, or when
using certain ceramic resonators at any
voltage, 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. oscnlator performance | 6ver

expected for the application.

Resonators Used:

TSI Wiz

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).

& 2006 Microchip Technology Inc.
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FIGURE 2-3: EXTERNAL CLOCK INPUT
OPERATION (HS OSC
CONFIGURATION)

Clock from —[>o—- 0sCi
Ext. System PIC18FXXXX

Open +—] 0sce  (HS Mode)

223 EXTERNAL CLOCK INPUT

The EC, ECIO, ECPLL and ECPIO Oscillator modes
require an external clock source ta be connected to the
QSCH1 pin. There is no oscillator start-up time required
after a Power-on Resat or after an exit from Sleep
mode.

In the EC and. ECPLL Osclllator modes, the oscillator
frequency divided by.4 is ayailabla on the OSC2 pin.

synchronize other logic. Figure 2-4 shows the pin
connections for the EC QOscillator mode.

224 PLL FREQUENCY MULTIPLIER

P1C18F2455/2550/4255/4550 devices include a Phase
Locked Loop (PLL) circult. 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 refarence clock from a fixed 4 MHz input.
The output can then be divided and used for both the
USB and the microcontroller core clock. Baecause the
PLL has a fixed frequency input and output, there are
eight prescaling options to match the escillator 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
speads. 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 osclllator for frequencies up to 48 MHz.

FIGURE 2-4: EXTERNAL CLOCK The prescaler divides the oscillator input by up to 12 to
INPUT-OPERATION — produce the 4 MHz drive for the PLL. The XTPLL mode
RTRY -.(EC-AND ECPLL can only use an Input frequency of 4 MHz which drives
CONFIGURATION) the PLL directly.
Clock from I > ‘OSC1/CLKI  * FIGURE 2-6: P':.é.l:clsggK DIAGRAM
Ext. System PIC18FXXXX ( )
Fosc/4 -—— OSC2/CLKO HS/EC/ECIO/XT Oscillator Enable
PLL Enable—L_
(from CONFIG1H Register)
The ECIO and ECPIO Oscillator modes function like the
EC and ECPLL modes, except that the OSC2 pin osc2
becomes an additlonal general purpose 'O pin. The O Phase
pin becomes bit 6 of PORTA (RA6). Figure 2-5 shows S B Oscllistor] Fin_ Qomparator
the pin connections for the ECIO Oscillator mode. T 081301 Prescaler
FIGURE 2-5: EXTERNAL CLOCK
. JNPUT OPERATION
(ECIO AND ECPIO
CONFIGURATION)
§ SYSCLK
Clock from —[>oT> OSC1/CLKI - 2
Ext. System -L © PIC18FXXXX -
RAE -a—] /O (OSC2)
o Svaimsm - ~ o TaT Y. ATA AYAY . FTSprpn
The internal postscater for reducing clock frequency in
XT and HS modes is also available in EC and ECIO
modes.
IIT e LN IRFRRN 11 SEPR N 1) L T I e
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225 INTERNAL OSCILLATOR BLOCK

The PIC18F2455/2550/4455/4550 devices include an
intemnal . oscillator -block-which genemtes two different
clock signals; either can be used as the microcontroller’s
clock source. If the USB peripheral is not used, the
intemal 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 devlce 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
soures, 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< v.. ~

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

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

T i 91 ¥
2.2.51 Internal Oscillator Modes

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

There are four distinct modes available:

+-JNTHS moda: The USB clock is provided by the
oscilla orin Hs.mode.

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

3. 'INTCKO mods: The USB clock is provided by an
axtemal clock input on OSC1/CLK]; 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 I/O (RAS).

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

PLLY Ty P S PR
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2252 OSCTUNE Register

The intemmal oscillator’s ocutput 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
froquency. The INTRC clock will reach the new
froquency within 8 clock cycles (approximately,
8* 32 us = 256 pus). 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 interna!
oscillator provides the clock source when the 31 kHz
frequency option is selected. This is covered in greater
detail in Section 2.4.1 “Oscillator Contro! 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 oscillater operates indepen-
dentty of the INTOSC source. Any changes in INTOSC
across voltage and temperature are not necessarily
reflected by changes in INTRC and vice versa.

Preliminary
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REGISTER 2-1: OSCTUNE: OSCILLATOR TUNING REGISTER
RW-0 T U-0 RW-0 RW-0 RW-0 R/W-0 R/W-0
INTSRC | ——"T"— "] TUN4 | TUN3 | TUN2 TUN1 TUND
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as 0’
-n = Valus at POR 1" = Bitis set ‘0" = Bit is cleared x = Bit is unknown

INTSRC: Intemal 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 intemal oscillator

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

bit 7
bit 6-5 Unimplemented: Read as ¢’
. - — g

bit4-0 * ¥ | TUN&:TYNQ:Fréquency Tuning bits
01111 = Maximum frequency
ooco1
11111
10000 = Minimum frequency

«d
2254 Compensating for INTOSC Drift

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

Tuning the INTOSC source requires knowing when to
make the adjustment, in which directicn it should be
made and in some cases, how large a change is
needed. When q'gln “'the' }JS{\BT, for qxample, an
adjustment may be requlred when it begins to generate
framing ermors or receives data with errors while in
Asynchronous mede. 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.

It is also possible to verify 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 intetrupts. When

an interrupt occurs, the intemally ¢locked timer is read
and both timers are cfeared. If the intermally 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 ditference between events can be
calculated.

H 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.
H the measured time is much less than the calculated
time, the intemal oscillator block is running too stow; to
compensate, increment the OSCTUNE register.
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23  Osclllator 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 escillator configurations
compatible with USB operation is shown in Table 2-3.

231 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. Bacause 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.

2.3.2

TABLE 2-3: OSCILLATOR CONFIGURATION OPTIONS FOR USB OPERATION
7 input Osciitatoror $ettiPLL Division Clock Mode MCU Clock Division Microcontroller
Frequency {PLLDIV2:PLLDIVO) {FOSCI:FOSCQ) {(CPUDIV1:CPUDIVO) Clock Frequency
48 MHz N/AL) EC, ECIO None {00) 48 MHz
+2 {01} 24 MHz
+3({10) 16 MHz
+4 (11) 12 MHz
T agMHz +12 (111) EC,ECIO None (00} 48 MHz
L M +2 (01) 24 MHz
+3(10) 16 MHz
; CIWMLSPERD PR LT +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
4 " 2 (01} 20 MHz
~utu . +3(10} 13.33 MHz
. +4(11) 10 MHz
e I (VE FL., . ...

ECPLL, ECPIO +2 (00) 48 MHz
+3(01) 2 MHz
+4(10) 24 MHz
+£(11) 16 MHz

24 MHz +5 {101) HS, EC, ECIO MNone (00) 24 MHz
+2 (01) 12 MHz
4n MH/
+3(10) 8 MHz
+4(11) 8 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 operalion {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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TABLE 2-3: - OSCILLATOR CONFIGURATION OPTIONS FOR USB OPERATION (CONTINUED)
Input Osclliator PLL Division Clock Mode MCU Cieck Division Microcontroller
Frequency (PLLDIVZ:PLLDIVO) {FOSC3:FOSC0) (CPUDIV1:CPUDIVD) 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 MNone (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
RN F +4 (10 24 Mz
+8 (11) 16 MHz
12 MHz +3 {010) HS, EC, ECIO None {00) 12 MHz
PIVE ST P2 wD (Lluu} o Lo L . +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 Nope {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) a2 MHz
+4 (10) 24 MHz
+6(11) 16 MHz

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

Bold is usad to highlight clock setactions that are compatible with low-speed USB operation (system clock of 24 MHz,
# *(3SB clock of 6 MHz).

Note 1: Only valid when the USBDIV Configuration bit is cleared.
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24 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 altemate clock
source is enabled, the various power-managed
operating modes are available.

Essentially, there are three clock scurces for thess
devices:

* Primary oscillators
* Secondary oscillators
* |nternal oscillator block

The primary oscillators include the External Crystat
and Resonator modesathe. External Clock modes and
the internal oscillator block. The particular mode is
defined by the FOSC3:FOSCO Configuration bits. The
details of these modes are covered earlier in this
chapter.

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

PIC18F2455/2550I4455I4550 devices offer the Timer1
osclllator as'a secondafy ¢ oscillator. Tis 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 watch crystal is connected between the
RCOT10SOM13CKI and RC1/T10SI/UCE pins. Like
the XT and HS oscillator mode circuits, loading
capacitors are al also connected from each pin to ground
The Timeri ‘oscillator is discussed in greater detail in
Section 12.3 “Timer1 Osclllator”

| meniabare dp~ -

In addnion to ) being a pnmary clock source the Internal
oscillator block‘is avallablé " 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.

2441 OSCILLATOR CONTROL REGISTER

The OSCCON raglster (Register 2-2) controls several
acsEas of e UEVIRE cIik e opsfation;” bothin full

power operation and in power-managed modes.

The System Clock Select bll:sl 8CS51:5C8S0, select the
clock ‘source. The available clock sources are the
primary clock {defined by the FOSC3:FOSCO Contigu-
ration bits), the secondary clock (Timer1 oscillator) and
the intemal oscillator block. The clock source changes
immediately after one or more of the bits is written to,
following a brief clock transition interval. The SCS bits

are c{eared on all forms of Heset
fnae |imert groodlator i oo

A

. Calnady
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The Internal Oscillator Frequency Select bits,
IRCF2:IRCFOQ, 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 intemal oscil-
lator's output. On device Resets, the default output
frequency of the intemnal oscillator block is set at 1 MHz.

When an output frequency of 31 kHz is selected
(IRCF2:IRCF0 = 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 selact 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 IOFS bit indicates when the
internal oscillator block has stabilized and is providing
the device clock in RC Clock modes. The TIRUN bit
(T1CON<6>) indicates when the Timer1 oscillator is
providing the device clock in secondary clock maodes. 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 interna! 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:

loct: tha secondary “cloek
Tlmer1 oscnllator)ls enabled by settmg the
T1OSCEN bit in.the Timer1 Control regis-
N If the Timer1.oscitlator is |
not: enabled then:any attempt to select a
secondary:clock source will be ignored;

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

® 2006 Microchip Technology Inc.
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242 OSCILLATOR TRANSITIONS sum of two cycles of the old clock source and three to

PIC18F2455/2550/4455/4550 devices contain circuitry
to prevent clock “glitches” when switching between

four cycles of the new clock source. This formula
assumes that the new clock source is stable.

clock sources. A short pause in the device clock occurs Clock transitions are discussed in greater detail in
during the clock switch. The length of this pause is the Section 3.1.2 “Entering Power-Managed Modes™.

REGISTER 2-2: OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0 R/W-1 R/W-0 R/W-0 R0 R-0 R/W-0 R/W-0
DLEN | RCF2 | IRCF1 | IRCFo | OSTS IOFS SCS1 SCS0
bit 7 - bit O
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
bit 7 IDLEN: Idle Enable bit
1 = Device enters |dle mode on SLEEP instruction
L. . 0= Devica enters Sleep mode on SLEEP instruction
bit 6-4 - IRCF2:IRCFO: Internal Oscillator Frequency Select bits
111 = 8 MHz (INTOSC drives clock directly)
110=4MHz
101 =2MHz
100 = 1 MHz®)
011 =500kHz. .
010 = 250 kHz
001 = 125 kHz
000 = 31 kHz (from sither INTOSC/256 or INTRC directly)(®
bit 3 OSTS: Oscillator Start-up Time-out Status bit(!)
77 "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
hit 2 IQFS: INTOSC Frequency Stable bit
1 = INTOSC frequency is stable
0 = INTOSC frequency is not stable
bit 1-0 S§CS1:5CS0: System Clock Select bits

1x = internal oscillator

01 = Timer1 oscillator

bo =Primary Gselllator " "~
IRCF2ARCFO: b 0

L

Note 1: Depends on the state of the IESO Configuration bit.
2: Source selected by the INTSRC bit (OSCTUNE<7>), ses text.
3 Default output frequency of INTOSC on Reset.

¥ 2l AV
N = 125 kHZ
1 §
L3S sollaba &
Tscllator o L
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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 QSC1 pin {and OSC2 pin if
used by the oscillator) will stop oscillating.

In secondary clock modes (SEC_RUN and
SEC_IDLE}, the Timeri 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 intemal 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 regardiess of the
power-managed mode (see Section 25.2 “Watchdog
Timer (WDT)", Sectlon 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, . e e e

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 only exception
is when the device has been issued a "Suspend”

v e Oy (ST

command over the USB. Once the module has sus-
pended operatlon 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 censumed during Sleep.
The INTRC is raquired 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., MSSP slave,
PSP, INTn pins and others). Peripherals that may add
significant current consumption are listed in
Section 28.2 “DC Characteristics: Powar-Down and
Supply Current”.

26 Power-up Delays

Power-up delays are controlled by two timers so that no
axtemal Reset clrcuitry 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 (parametsr 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 maodes). 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 intemal
oscillator modes ars used as the primary clock source.

TABLE 2-4: 7 ' OSC1-AND OSC2 PIN STATES IN SLEEP MODE

Oscillator Mode 0SC1 Pin 0SC2 Pin
INTCKC Floating, pulled by external clock At logic low (clock/d output)
INTIO Floating, pulled by external clock Configured as PORTA, bit 6
ECIQ, 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.

oo sbapes Sleep e N
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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
+ |dls modes
* Slesp 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 - powet-managed =tmodes Include several
power-saving features offered on previous PICmicro®
devices. One is the;clotk. switching feature, offered in
other PIC18 devices, allowing the contrcller to use the
Timer1 oscillator in place of the primary oscillator. Also
included is the Sleep mode, offered by all PICmicro
devices, where ali device clocks are stopped.

3.1.“- " Selecting Power-Managed Modes

Selecting a power-managed mode requires two
decisions: if the CPU is to be clocked or not and the
selection of a clock source. The IDLEN bit
(OSCCON<7>) contrals CPU clocking, while the
SCS1:SCS0 bits (OSCCON<1:0>) select the clock
source. The individual modes, bit settings, clock sources
and affected modules are summarized in Table 3-1.

e =T T "

R N

311 CLOCK SOURCES

The SCS1:8CS0 bits allow the selection of one of three
clock sources for power-managed modes. They are:

= The primary clock, as defined by the
FOSC3:FOSCO0 Configuration bits

+ The secondary clock {the Timer1 oscillator)
¢ The internal oscillator block (for RC modes)

31.2 ENTERING POWER-MANAGED
- MODES

Switching from one power-managed mode to another
begins by loading the OSCCON register, The
SCS1:5CS0 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 Sectlon 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 requlre 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 T Available Clock and Oscillator Source
-4 IDLEN(Bx |..: SCS1:SCS0 CPU |Peripherals
Sleep 0 N/A Off Oft None — all clocks are disabled
PRI_RUN NA 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+s¢=vuNIAT LN} 1x Clocked| Clocked [Intemal osciltator block(?
PRI_IDLE 1 00 Off Clocked |Primary — all oscillator modes
SEC_IDLE 1 01 Off Clocked |Secondary — Timer1 oscillator
RC_IDLE . 1 |0 1x Off Clocked [Internal oscillator block?)
Note 1: IDLEN reflects its value when the SLEEP instruction s executed.

2: Includes INTOSC and INTOSC postscaler, as well as the INTRC source.

TAaBlEZ T

POWER ",
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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 ¢lock source and its
status. They are:

+ OSTS (OSCCON<3>)
+ IOFS (OSCCON<2>)
+ T1RUN (T1CON<6>)

In general, only one of these bits will be set while in a
given power-managed mode. When the QSTS bit is
set, the primary clock is providing the device clock.
When the IOFS bit is set, tha INTOSC output is provid-
ing a stable 8 MHz clock source to a divider that
actually drives the device clock. When the TIRUN bit is
set, the Timar1 oscillator is providing the clock. If none
of these bits are set then enther the INTRC clock
source Is clocking the de\nce or the INTOSC source is
not yet stable. .

If the internal osclllator block is configured as the
primary clock source--by-the FOSC3:FOSCO Con-
figuration bits, then both thé'QSTS 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 blt

Note 1: Caution shou!d be used when modifying a
single IRCF bit, i VDD is less than 3V, itis
possible to select a higher clock speed
than is supported by the low VDD.
Imprépér davice operation may result If

" the VoD/FOsc specifications are violated.

2: Executing a SLEEP instruction does not
: necessarily place the device Into Sleep
3 Jmogle. It acts as the trigger 1o place the
B . . contioller into.aither the Sleep mode, or
one of the Idle modes, depending on the
setting of the IDLEN bit,

3.1.4 MULTIPLE SLE EP COMMANDS

The poWar—managed mode that is invoked with the
SLEEP instruction 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
setting. .

ol Uy
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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.

3.21 PRI_RUN MODE

The PRI_RUN mode is the normal, full power execttion
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 QSTS bitis set. The IOFS
bit may be set if the internal oscillator block is the
primary clock source {see Section 2.4.1 “Oscillator
Conlrol Register”).

322 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:SCS80
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 (T1ICON<6>) is
sot and the OSTS bit is cleared.

Note: The Timer1 osciflator should aiready be
running prior to entering SEC_RUN mode.
If thee TIOSCEN. bit is -not set when' the
SCS1:5CS0 bits are set to '01', 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 Timerl oscillator
continues to run.
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A
FIGURE 3-1: TRANSITION TIMING FOR ENTRY TO SEC_RUN MODE
atlazlaalQalat- - - --ommmmmme e o s o=l lasloslorlalosl
T1081 !
0SC1 : . . .
Perpleral 1\ WaWaWaWaWaWatass
"Cotntor FC_ PC+2 — X _FC+4 .
Note 1: Clock transition typically occurs within 2-4 TOSC.
FIGURE 3-2: TRANSITION TIMING FROM SEC_RUN MODE TO PRI_RUN MODE (HSPLL)

T108!
Qsc1 """""""'ml‘l‘l‘l‘t‘l “ K
. :-.-—Tbsf!"_.—.. _Teu (]

PLLClock s : .

., Output ' ' . s w0 L
. . ' ! ' ' 1, Clock [
SN\ T R i A

CPUClock d \ : VAVALAWAWADAWRE
' ‘ , I . ‘ S S

Pepom N/ N\ T\

Clock : : ! / : VAV AVAWAWAN AW AW

Program | . \

o : PC X PC+2 Y FC+d

SC51:5C50 bits Changed QSTS 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.

TR

323 RC_RUN MODE This mode is entered by setting SCS1 to ‘1", Although

X . it Is ignored, it Is recommended that SCSO also be
In RC_RUN mode, the CPU and peripherals are L . e
clocked from the intemmal oscillator block using the cleared; this is to maintain software compatibility with

. future devices. When the clock source is switched to
INTOSC muttiplexer; the primary clock is shut down. . .
When using the INTRC source, this mode provides the the .INTO.SC mutiplexer (see Figure 33-".3). the primary
best power conggrvation of all the Run modes while sl oscillator is shut down and the OSTS bit is cleared. The

executing code. Tt works well for user applications IRCF bits may be modified at any time to immediately
which are not highly timing sensitive or do not require change the clock speed.

high-speed clocks at all times. Note: Caution should be used when medifying a
If the primary clock source is the intemal oscillator single IRCF bit. lf VDD is less than 3V, it is
black {either INTRC or INTOSC), there are no distin- possible to select a higher clack speed
guishable differences between the PRI_RUN and than is supported by the low VOD.
AC_RUN modes during execution. However, a clock Improper device operation may result if
switch delay will occur during entry to and exit from the Voo/Fosc specifications are violated.

RC_RUN mode. Therefore, if the primary clock source
is the intemal osciliator block, the use of RC_RUN
mode is not recommended.
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10.0 VO PORTS

Depending on the device selected and features
enabled, there are up to five ports available. Some pins
of the IO ports are multiplexed with an alternate
function from the peripheral featuras on the device. in
general, when a peripheral is enabled, that pin may not
be used as a'general purpbse /O pir.

Each port has three registers for its operation. These
registers are:

= TRIS register (data direction register)

* PORT register (reads the levels con the pins of the
device)

* LAT register (output latch)
The Data Latch register (LATA) is useful for read-

modify-write operations on the value driven by the {/O
pins.

A simplified modet of a generic VO pon, without the
interfaces to other peripherals, is shown in Figure 10-1.

AT PR
FIGURE 10-1: GENERIC 1O PORT
OPERATION
RD LAT
Data
Bus
WHR LAT ro p,nm
Elﬂﬁﬂ;____tCK_\_
.Data Latch
0_-"‘ GEEG T B
WR TRIS K 3L
TRIS Caich Kj Input
Buffer
RD TRIS ‘ i:
1 Q pl__

“JRE 0.t GEwF[z-~

EN
AD PORT. : Dc —|

Note 1: IO pins have diode proteclion to VDD and V5s.

10.1 PORTA, TRISA and LATA Registers

PORTA'ls an 8-Bit wide, bldirectional port. The corre-
sponding data direction. register is TRISA. Setting a
TRISA bit (= 1) will make the corresponding PORTA pin
an input (l.e., put the comesponding output driver in a
high-impedance mode). Clearing a TRISA bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the contents of the output latch on the selected pin).

[TV T T [

Reading the PORTA register reads the status of the
pins; writing to it will write to the port latch.

The Data Latch register (LATA) is also memory
mapped. Read-modify-write operations on the LATA
register read and write the latched output value for
PORTA.

The RA4 pin is multiplexed with the Timer0 module
clock input to become the RA4/TOCKI pin. The RAG pin
is multiplexed with the main osclillator pin; it is enabled
as an oscillator or /O pin by the selection of the main
oscillator in Configuration Register 1H (see
Saction 25.1 “Configuration Bits” for details). When
not used as a port pin, RA6 and its associated TRIS
and LAT bits are read as '0".

RA4 is also multiplexed with the USB module; it serves
as a receiver input from an external USB transceiver.
For details on configuration of the USB module, see
Section 17.2 “USB Status and Controf”.

Several PORTA pins are multiplexed with anatog inputs,
the analog VREF+ and VREF- inputs and the comparator
voltage reference output. The operation of pins RAS
and RA3:RA0 as A/D converter inputs is selected by
clearing/setting the control bits in the ADCONT1 register
(A/D Control Register 1).

Note: On a Power-on Resst, RA5S and RA3:RAD
are configured as analog inputs and read
as ‘0’. RA4 is configured as a digital input.

All other PORTA pins have TTL input levels and full
CMOS output drivers.

The TRISA register controls the direction of the RA
pins, even when they are being used as analog inputs.
The user must ensura the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 10-1:  INITIALIZING PORTA

CLRF PORTA Injtialize PORTA by
clearing output

data latches
Alternate methed

to ¢lear ocutput

data latches
Configure A/D

for digital inputs
Configure comparators
for digital input

; Yalue used to

; initialize data

; direction

; Set RA<3:0> as inputs
; RA<5:4> as outputs

CLRP  LATA

MOVLW OFh
MOVHF  ADCON1
MOVILW 07h
MOVWF  CMCON
MOVIW OCFh

MOVWE = TRISA.

© 2006 Microchip Technelogy Inc.
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TABLE10-1: PORTA VO SUMMARY
Pin Functlon | s:?u"s‘ | vo [voype Description
RAO/ANO RAQ 0 ouT DIG LATA<O> data output; not affected by analog input.
1 IN TTL PORTA<0> data input; disabled when analog input enabled.
ANO 1 IN ANA | AlD input channel 0 and Comparator C1- input. Default configuration
on POR; does not affect digital output.
RA1/AN1 RA1 0 ouT DIG LATA<1> data output; not affected by analog input,
1 IN TTL | PORTA«1> data input; reads ‘0" on POR,
ey b P AN ] - SN ANA - | AD input channel 1 and Comparator C2- input. Default configuration
on POR; does not affect digital output.
RA2/ANZ/ RA2 o ouT DIG | LATA<2> data output; not affected by analog input. Disabled when
VREF-/CVRAEF CVREF output enabled.
1 IN TTL | PORTA<2> data input. Disabled when analog functions enabled;
disabled when CVREF cutput enabled.
AN2 1 IN ANA | A/D input channel 2 and Comparator G2+ input. Default configuration
on POR; not affected by analog output.
VREF- IN ANA | AD and comparator voltage reference low input.
CVREF x ouT ANA | Comparator voltage referance output. Enabling this feature disables
Lt AR N digital /O,
RAFANY RA3 0 ouT DIG LATA<3> data output; not affected by analog input.
VREF+ 1 IN TTL | PORTA<3> data input; disabled when analog input enabled.
AN3 1 IN ANA | A/D input channel 3 and Comparator G1+ input. Default configuration
on POR.
VREF+ b IN ANA | AD and comparator voltage reference high input.
RA4/TOCKI/ RA4 [} out DIG LATA<4> data oulput; not affected by analog input.
C10UTRCY 1 IN 5T PORTA<4> dala input; disabled when analog input enabled.
TOCKI 1 IN ST Timer0 clock input.
CiouT 0 ouT DIG Comparator 1 output; takes priority over port dala.
RCV x IN TTL |Exteral USB transceiver RCV input,
RAS/AN4/SS! RAS 0 ouT DIG | LATA<S> data output; not affected by analog input.
HLYDIN/C20UT 1 IN TTL | PORTA<5S> data input; disabled when analog input enabled.
AN4 1 IN ANA | A/D input channel 4. Default configuration on POR.
58 1 IN TTL | Siave selact input for SSP (MSSP module).
HLVDIN 1 IN ANA | High/Low-Voltage Detect external trip point input.
c20UT 0 ouT DIG Comparator 2 output; takes priority over port data,
OSC2/CLKO/ 05C2 X out ANA | Main osciZator feedback output connection {ali XT and HS modes).
RAS - CLKO x ouT DIG | System cydle clock outpul {FOSC/4); available in EC, ECPLL and
INTCKOQ modes.
RAG 0 ouTt DIG | LATA<6> data outpul. Available only in ECIO, ECPIO and INTIO
N modas; otherwise, reads as ‘0",
" 1 N | TTL | PORTA<6> data input. Available only in ECIO, ECPIO and INTIO
modes; otherwise, reads as ‘0",
Legend: OUT = Output, IN = Input, ANA = Analog Signal, DiG = Digital Output, ST = Schmitt Buffer Input,

TTL = TTL Bufter Input, x = Don't care {TRIS bit does not affect porl direction or is oversidden for this option)

-

ey
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TABLE 10-2: SUMMARY OF REGISTERS ASSOCIATED WITH PORTA

Reset

Name Bit7 | Bité | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0 | Values

on page
PORTA | =—: | rae™ | RaASs RA4 RA3 RA2 RAT RAO 54
LATA. | — [ATA6 | LATAS | LATA4 | LATA3 | LATA2 | LATA1 | LATAO | 54
TRISA — |TRiSae™ | TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAD | 54
ADCON1 — — | VCFG1 | VCFGO . PCFG3 | PCcFG2 | PCFG1 | PCFGO 52
CMCON C20UT | C10UT | CaINV | CIiNV  CIS CM2 CM1 CMo 53
CVRCON | CVREN | CVROE | CVRR | CVRSS CVR3 | CVR2 | CVR1 | CVRO | 53
UCON — | PPBRST | SE0 | PKTOIS | USBEN |RESUME |SUSPND| — 55

Legend: --=unimplemented, read as ‘0'. Shaded cells are not used by PORTA.

Note 1: RASG and its associated latch and data direction bits are enabled as /O pins based on oscillator
configuration; otherwise, they are read as '0'.

E-11004 Do o
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10.2 PORTB, TRISB and LATB
Registers - == "

PORTB Is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISB. Setting a
TRISB bit (= 1) will make the corresponding PORTB
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISB bit (= 0)
will make the corresponding PORTB pin an output {i.e.,

put the contents of the outpu1 latch on the selected pin).

The Data Latch reglster (LATB) is also memory
mapped. Read-modify-write operations on the LATB
register read and write the latched output value for
PORTB.

Each of the PORTB pins has a weak internal pull-up. A
single control bit can tum on all the pull-ups. This is
performed by clearing bit, RBPU (INTCON2<7>). The
weak pull-up Is automatically turned off when the port

pin - is=confignred=as=arr=sutput==The=pull-ups=are

disabled on a Power-on Reset.

. Note: 0n?’P§War—3n "Reset, HB4:RB0 are
3 configired as anatog inputs by default and
: read as ‘0’; RB7:RB5 are configured as
digital inputs.
By programming the Configuration bit,
PBADEN (CONFIG3H<1>), RB4:RBO will
altema'dvely be conﬂgured as digital inputs
—.onPOR. 8

Four of the PORTB pins {RB7:RB4) have an interrupt-
on-change feature. Only pins configured as inputs can
cause this Interruptrto::occur. Any RB7:RB4 pin
configured as an output is"excluded from the interrupt-
on-change comparison. The pins are compared with
the old value latched on the last read of PORTB. The
“mismatch” outputs of RB7:RB4 are ORed together to
generate the RB Port Change Interrupt with Flag bit,
RBIF (INTCON<0>). . =

The intérrupt-onchange can'be used to wake the
device from Sleep. The user, in the Interrupt Service
Routine, can clear the interrupt in the following manner:

a) Any read or write of PORTB (except with the
MOVFF (ANY), PORTB instruction). This will
end the mismatch condition.

b) Clear flag bit, RBIF.

A mismatch condition will continue to set flag bit, RBIF.
Reading PORTB will end the mismatch condition and
allow flag bit, RBIF, to be cleared.

.- etk
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The interrupt-on-change feature is recommended for
wake-up on key depression oparation and operations
where PORTB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the interrupt-on-change feature.

Pins, RB2 and RB3, are multiplexed with the USB
pearipheral and serve as the differential signal outputs
for an external USB transceiver (TRIS configuration).
Refer to Section 17.2.2.2 “External Transceiver” for
additional information on configuring the USB module
for operation with an external transceiver.

RB4 is multiplexed with CSSPP, the chip select
function for the Streaming Parallel Port (SPP) — TRIS
sotting. Details of its operation are discussed in
Section 18.0 “Streaming Parallel Port”,

EXAMPLE 10-2: INITIALIZING PORTB

CLRE _ PORTB_ ; Initialize PQRTB by
clearing cutput

data latches
Alternate method

to clear cutput

data latches

Set RBe4:0>» as
digital I/0Q pins
{required if config bit
PBADEN is set}

Value used to
initialize data
direction

Set RBe3:0> as inpute
RBe5:4> as outputs
RB«<7:6> a8 inputs

CLRF LATB

MOVIN OEh
MOVWF  ADCON1

MOVIW OCFh -

MOVWF  TRISB
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TABLE 10-3: PORTB IO SUMMARY
Pln Function s:g:ﬁg VO | VO Type Description
RBO/AN1Z RBO 0 ouT DIG LATB<0> data output; not affected by analog input.
gg%%; ¢ IR B TTL | PORTB<0> data input; weak pull-up when RBPU bit is clearad.
Disabled when analog input enabled.{"
AN12 1 IN ANA | A/D input channel 12.{1)
INTO 1 IN ST Externel interrupt 0 input.
FLTO 1 IN ST Enhanced PWM Fault input (ECCP1 moduls); enabled in software.
- 8Dl 1 iN ST 8Pl data input {(MSSP module).
SDA 1 ouT DIG [PC™ data oulput (MSSP module); takes priority over port data.
1 iN 12C/SMB | IC data input (MSSP moduls); input type depends on module setting.
RB1/AN10/ RB1 0 ouT DIG LATB«1> data output; not affected by analog input.
gg: ISCK/ 1 IN TTL | POATB<1> data inpul; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.{1}
AN10 1 IN ANA | A/D input channel 10.(V
INT1 1 IN ST External interrupt 1 input.
SCK 0 ouT DIG SPI clock output (MSSP module); takes priority over port data.
- T 1 IN ST SPI clock input (MSSP module).
a I £ SCLsn B 11 QUT | DIG 1%C clock output (MSSP module); takes priority over port data.
1 IN PC/SMB | 12C clock input (MSSP module); input type depends on module setting.
RB2/ANS/ RB2 0 ouTt DIG | LATB«<2> deta output; not affectad by analog input.
INT2VMO 1 IN TTL | PORTB«<2> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enabled.(")
AN8S 1 IN ANA | AD input channe! 8.1
INT2 1 IN ST External interrupt 2 input.
VMO 0 ouT DIG External USB transceiver VMO data cutput.
RBI/ANG/ RB3 0 OUT | DIG {LATB<3> data cutput; not affected by analog input.
CCP2NVPO 1 IN TTL | PORTB<3> data input; weak pull-up when RBPU bit is cleared.
Disabled when analog input enablad.(?
AND 1 “IN ANA | A/D Input channel 8.1
ccpz@ 0 ouT DIG |CCP2 Compare and PWM autpul,
1 IN ST CCP2 Capture input.
VPO 0 ouTt DIG External USB transceiver VPO data output.
RAB4/AN11/ RB4 0 ouTt DIG LATB<4> deta output; not affected by analog input.
KBIO/CSSPP 1 IN TTL { POATB<4> data input; weak pull-up when RBFU bit is cleared.
. Disabled when analog input enabled.{}
ANT 1 IN ANA | A/D input chennel 11,1
KBIO 1 IN TTL Interrupt-on-pin changs.
: csspPid) 0 ouT DIG |SPP chip select control output.
RB&/KBI1/ RB5 0 QUT | DIG |LATB<5> data outpul.
PGM 1 IN TTL | PORTB<5> dala input; weak pull-up when RBPU bit is cleared.
KBN 1 IN TTL | Interrupt-on-pin change.
PGM x IN ST Single-Supply Programming mode entry (ICSP™). Enabled by LVP
Configuration bit; all other pin functions disabled.
QUT = Output, IN = Input, ANA = Analog Signal, DIG = Digital Qutput, ST = Schmitt Buffer Input,

Leg"end:

Note 1:

12C/SMB = PC/SMBus input buffer, TTL = TTL Buffer inpul, x = Don’t care (TRIS bit does not affect port direction or is
overridden for this option)
Configuration cn POR is determined by PBADEN Configuration bit. Pins are configured as analeg inputs when

PBADEN is set and digital inputs when PBADEN is cleared.
2: Altqmate pm asa[gnment tor CCP2 when CCGP2MX = 0. Default assignment is RC1.
3: Al other pin functions ars disabled when ICSP™ or ICD operation is enabled.
4: 40/44-pin devices only.

& 2006 Microchip Technelogy Inc.
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TABLE 10-3: PORTB /O SUMMARY (CONTINUED)

Pin Function s::::g Yo | Vo Type Description
RB&/KBI2/ RB6 4] ouT DIG LATB<6> data output.
PGC 1 IN TTL | PORTB<6> data inpul; weak pull-up when RBPU bil is cleared.
KBI2 1 IN TTL Interrupt-on-pin change,
PGC x IN ST | Serial execution (ICSP™) clack input for ICSP and ICD operation.®
RB7/KBIY RB7 0 ouT DIG LATB<7> data output.
PGD 1 IN TTL PORTB<7> data input; weak pull-up when RBPU bit is cleared,
KBI3 1 IN TTL interrupt-on-pin change.
PGD x out DIG | Sarial execution data output for ICSP and {CD operation.®
x IN ST | Serial exacution data input for ICSP and ICD operation. )

Legend: OUT =Output, IN = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmilt Buffer Input,
[2C/SMB = C/SMBus input buffer, TTL = TTL Buffer Input, x = Don't care (TRIS bil does not affect port direction or is
overndden for this opti
Note ™ cbiiflurticn ni F\fsqetanhm&rby?BADEN Godfiguration bit. Pins are configured as analog inputs when
~_ PBADEN is set and digitai inputs when PBADEN is claared.
2: Altemate pin assignment for CCP2 when CCP2MX = 0. Default assignment is RC1.
3: Allother pin functions are disabled when ICSP™ or ICD operalion is enabled.
4: 40/44-pin devices only.

TABLE10-44: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

1- Reset
Name Bit 7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit0 | Values
~ - : on page
PORTB RB7 ABG RB5 RB4 RB3 AB2 RB1 RBO 54
LATB LATB? LATB6 | LATBS | LATB4 | LATB3 | LATB2 | LATB1 | LATBO 54
TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO 54
INTCON GIE/GIEH | PEIE/GIEL| TMROIE | INTOIE RBIE | TMROIF | INTOIF | RBIF 51
INTCON2 of r RBRU: (l{INTEDGO |INTEDG1 | INTEDG2 [ - T™ROP| — 1| ReIP 51
INTCON3 INT2IP | INTIIP | — INT2IE | INTVIE — INT2IF | INTHiF 51
ADCONA1 —— VCFG1 | VCFGO0 | PCFG3 | PCFG2 | PCFG1 | PCFGO 52
spPCON? |  — - - - - — |SPPOWN| SPPEN 55
SPPCFG( | CLKCFG1 | CLKCFGO | CSEN | CLKIEN  ws3 | Ws2 WSH1 WSO 55
UCON — | PPBRST | SE0 | PKTDIS | USBEN |RESUME|SUSPND| — 55
Legend: — = unimplemented, read as ‘0". Shaded cells are not used by PORTB.
Note t: These registers are unimplemented on 28-pin devices.
ceailr tdes, DulintARY G i e -
k.
i
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'10.3 PORTC, TRISC and LATC
Registers

PORTC is a 7-bit wide, bidirectional port. The corre-
sponding data direction register is TRISC, Setting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input {i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISC bit (= 0)
will make the corresponding PORTC pin an output (i.e.,
put the contents of the cutput latch on the selected pin).

In PIC18F2455/2550/4455/4550 devices, the RC3 pin
is not implemented.

The Data Latch register (LATC) is also memory
mapped. Read-modify-write operations on the LATC
register read and write the latched cutput value for
PORTC.

PORTC is primarily multiplexed with serial communica-
tion modules, including the EUSART, MSSP module
and the USB module (Table 10-5). Except for RC4 and

RCs, PORTC uges Scil;m;tt Trigger input buffers.
)
PN’ RC4 arﬁ&'h’Cs i TchinTosed 'with the USB

module. Depending on the configuration of the module,
they can serve as the differential data lines for the on-
chip USB transceiver, or the data Inputs from an
extemal USB transceiver. Both RC4 and RC5 have
TTL input buffers instead of the Schmitt Trigger buffers
on the cthar pins.

Unlike other PORTC pins, RC4 and RCS do not have
TRISC bits-asscciated-with-them.- As digital ports; they
can only function as digital inputs. When configured for
USB operatien, the data direction is determined by the
configuration and status of the USB meodule at a given
time. if an extemal transceiver is used, RC4 and RC5
always function as inputs from the transceiver. If the
on-chip transceiver is used, the data direction is
determined by the operation being performed by the
module at that time. .
po ths ELISART  RASSD

Wﬁenm éﬂsﬁépﬁgl'qtranscelver Is enabled, RC2 also
serves as the cutput enable control to the transceiver.
Additional Information on configuring USB options is
provided in Sectlon 17.2.2.2 “External Transceiver”.

5 e

Inlike otror PORTC piee 77

T T T

Whep the externgl transec ver

When enabling peripheral functions on PORTC pins
other than RC4 and RCS, care should be taken in defin-
ing the TRIS bits. Some peripherals override the TRIS
bit to make a pin an cutput, while other peripherals
override the TRIS bit to make a pin an fnput. The user
should refer to the corresponding peripheral section for
the correct TRIS bit settings.

Note:  On a Power-on Reset, these pins, except
RC4 and RC5, are configured as digital
inputs. To use pins RC4 and RC5 as digi-
tal inputs, the USB module must be dis-
abled {UCON<3> = 0) and the on-chip
USB -transcelver must be disabled
(UCFG<3> =1). '

The contents of the TRISC register are affected by
peripheral overrides. Reading TRISC always returns
the current contents, even though a peripheral device
may be overriding one or more of the pins.

EXAMPLE 10-3:
CLRF  PORTC

INITIALIZING PORTC

Initialize PORTC by
clearing output
data latches

; Alternate method
to clear output
data latches
Value used to
inicialize data

; direction

; RC<5:0> as outputs
RC<?:6> ap inputs

CLRF LATC

MOVLW 07h

MOVWF  TRISC

S s Mr me s e mi Ry e %
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TABLE 10-5: PORTC VO SUMMARY
Pin Function S::It::g o | VO Type Description
RCO/T10S0/ RCOQ 0 ouT DIG LATC<0> data output.
T13CKI 1 IN ST |PORTC<0> data input.
T10S0 x ouT ANA | Timer1 cscillator output; enabled when Timer1 oscillator enabled.
- | Disables digital VO.
T13CKI 1 IN 8T Timer1/Timer3d countar input.
RC1/T108V/ RCA1 1] out DIG LATC«<1> data output.
CCP2/UQE 1 IN ST PORTC«1> data input.
T10SI x IN ANA | Timer1 oscillator input; enabled when Timer1 oscillator enabled.
Disables digital VO.
ccpzlt) 0 OUT | DIG |CCP2 Compare and PWM aulput; takes priority over port data.
1 IN ST CCP2 Capture input.
: UOE ;=|._ 0 | ouT.| DIG |Extemal USB transceiver OE output.
RC2/CCP1/ RC2 0 ouT DIG |LATC<2» data output.
P1A 1 IN ST |PORTC<2> data input.
CCP1 0 ouT DIG |ECCP1 Compare and PWM output; takes priority over port data.
1 IN ST ECCP1 Cepture input,

PtAf® Ty OUT | DIG |ECCP1 Enhanced PWM output, channal A; takes priority over port
data. May be configured for tri-state during Enhanced PWM shutdown
avenls.

AC4/D/VM RC4 —a IN TIL |PORTC<4> dats input; disabled when USB module of on-chip
transceiver are enabled.
D- —@ OUT | XCVR |[USB bus differential minus line output (internal transceiver).
—@ IN XCVR |USB bus differential minus line input (internal transceiver).
VM —A IN TTL |Exiemal USB transceiver VM input.
RCAD+VP RCS —{2) iN TTL | PORTC<5> data input; disabled when USB module or on-chip
transceiver are enabled.
D+ —@ | ouT | XCvR |USB bus diferential plus line output (intemal transcaiver).
i1} —{2 | ,IN- | XCVR |USB bus diftarential plus line input (intemal transceiver).
VP —2 IN TTL | Extemal USB transceiver VP input.
RCE&/TX/CK RCB 0 ouT DIG |LATC<6> data output.
1 IN ST PORTC<6> data input.
™ 0 ouT DIG | Asynchronous serial transmit data output (EUSART module); takes
priority over port data. User must configure as outpult.
CK 0 ouT DIG | Synchronous serial clock output (EUSART module); lakes priority
over port data.
PiAY ¥ UNT | 'sT [ Synchronous serat clock input (EUSART module).
Legend: OUT = Output, IN = Input, ANA = Analog Signal, DIG = Digital Qutput, ST = Schmitt Buffer Input,
TTL = TTL Bufter input, XCVR = USB transceiver, x = Don’t care (TRIS bit doas not affect port direction or is overridden
for this option} )
Note 1: Default pin assignment. Alternate pin assignment is RB3 (when CCP2MX = 0).
2: RC4 and RC5 do not have corresponding TRISC bits. In Port mede, these pins are input only. USB data diraction is
determined by the USB configuration.
3:  40/44-pin devices only.
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TABLE 10-5: PORTC I/O SUMMARY (CONTINUED)

TRIS
Pin Function Setting ro |0 Type Description
RC7/RX/DT/ RC7 0 ouT DIG | LATC<7=> data output.
§DO 1 N ST | PORTC<7> data input.
RX 1 IN ST Asynchronous serial receive data input (EUSART module).
DT 1 ouT DIG Synchronous serial data output (EUSART module); takes priority over
SPi and port data.
1 IN - 8T Synchronous serial data input (EUSART modute). User must
configure as an input.
SDO ] ouT DIG | SPI data output (MSSP module); takes priority over port data.
Legend: OQUT = Qutput, IN = Input, ANA = Analog Signal, DIG = Digital Qutput, ST = Schmitt Buffer Input,
TTL = TTL Bufier Input, XCVR = USB transceiver, x = Don't care (TRIS bit does not affect port direction or is overridden
for this option)
Note 1: Defauk pin assignment. Alternate pin assignment is RB3 (when CCP2MX = 0),
2: RC4 and RC5 do not have corrasponding TRISC bits, In Port moda, these pins are input only. USB data direction is
determined by the USB configuration.
-3t -40/44-pin devices only. - -~ -

TABLE 10-6: SUMMARY OF REGISTERS ASSOCIATED WITH PORTC

RAeset
Name Bit7 Bit6 Bit 5 Bit 4 Bit3 Bit2 Bit 1 Bit0 Values
' on page
PORTC RC7 ACS Rest) | peal) T RC2 RC1 RCO 54
LATC LATC?7 LATCS - 1 - } - LATC2 LATCH LATCO 54
TRISC .TRISC7 | TRISC6 —_ o ' : TRISC2 | TRISC1 | TRISCO 54
UCON — PPBRST SEQ PKTOIS ] USBEN | RESUME | SUSPND — 55
Legend: ~—~ = unimplemented, read as ‘0’. Shaded cells are not used by PORTC.
Note 1: RCS5 and RC4 are only available as port pins when the USB module is disabled (UCON<3> = 0).
Hult LA I e
vy eVICAS )
Df-\-;'rr‘ y Fi(".'.” l 2w l ve v Tes
- 1 U Il
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10.4 PORTD, TRISD and LATD
Registers

"Note: PORTD is only available on 40/44-pin’
devices.

PORTD Is an 8-bit wide, bidirectional port. The corre-
sponding data direction register is TRISD. Setting a
TRISD bit (= 1) will make the corresponding PORTD
pin an input (i.e., put the corresponding output driver in
a high-impedance mode). Clearing a TRISD bit (= 0)
will make the corresponding PORTD pin an output {i.e.,
put the contents of the output latch on the selected pin}.

The Data Latch register (LATD) is also memory
mapped. Read-modify-write operations on the LATD
register read and write the latched output value for
PORTD.

All pins on PORTD are implemented with Schmitt
Trigger..input .. butfers. - Each—pin s _.individually
configurable as an input or output.

Each of the PORTD pins has a weak intematl pull-up. A
single control bit, RDPU (PORTE<7>), can turn on all
the pull-ups. This is performed by setting RDPU. The
weak pull-up is automatically tumed off when the port
pin is configured as a digital output or as one of the
other multiplexed peripherals. The pull-ups are
disabled on a Power-on Reset. The PORTE register is
shown in Section 10.5 “PORTE, TRISE and LATE
Registers™.

TV TE T L P I R PO -
Three ofh;helF‘OFlTD pins are n;ulliplexed with outputs,
P1B, P1C and P1D, of the Enhanced CCP module. The
operation of these additional PWM output pins is
covered in greater detait in Sectlon 16.0 “Enhanced
CaptursiConipatePWM(ECCP Modulg>” '

PORTD can also be configured as an 8-bit wide
Streamning Parallel Port (SPP). In this mode, the input
buffers are TTL. For additional information on con-
figuration and uses of the SPP, see Section 18.0
“Sireaming Paraltel Port”.

Note: When the Enhanced PWM mods is used
with elther dual or quad oulputs, the MSSP
functions of PORTD are automatically

disabled.

Note: On a Power-on Reset, these pins are
configured as digital inputs.

coovengraple v AR ot oy o
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EXAMPLE 10-4: INITIALIZING PORTD

CLRF PORTD Initialize PORTD by
clearing output
data latches
Alternate methed

to clear output
data latches

value used to
initialize data
direction

Set RD<3:0> as inputs
RD<5:4> as outputs
RD<7:6> as inputs

CLRF LATD

MOVLW  OCFh

MOVWF TRISD
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e
TABLE 10-7: PORTD /O SUMMARY
Pin Function TRIS O | VO Type Description
B Setting
RDO/SPPO RDO 0 ouTt DIG LATD«<0> data output.
1 IN ST PORTD«<0> data input.
SPPO 1 ouT DIG SPP<0> output data; takes priority over port data.
1 IN TTL SPP<0> input data.
RD1/SPP1 RD1 0 ouT DIG LATD=1> data output.
1 IN ST PORTD<1> data input.
SPP1 1 ouT DIG SPP<1> output data; takes priarity over port data.
1 IN TTL SPP<1> input data.
RD2/SPP2 RAD2 0 ouT DIG LATD<2> data output.
1 IN ST PCORTD<2> data input,
SPP2 1 ouTt DIG SPP<2> output data; takes priofity over port data.
1 IN TTL SPP<2> input data.
RD3/SPP3 RD3 0 out DIG LATD«3> data output.
1 IN ST PORTD«<3> data input.
SPP3 1 ouT DIG SPP<3> output data; takes priority over porl data.
1 IN TTL SPP<3> input data.
RD4/SPP4 “YRD4- 0 ouT DIG LATD<4> data output,
1 IN ST PORTD<4> data input.
SPP4 1 QuT DIG SPP<4> output data; takes priority over port data.
1 IN TTL SPP<4> Input data.
RD&/SPP5/P1B RD5 0 ouT DIG LATD<5> data output
1 IN 8T PORTD«<5> data input
SPP5 1 ouT DIG SPP<5> output data; takes priority over port data.
1 IN TTL SPP<5> input data,
PiB 0 ouT DIG ECCP1 Enhanced PWM output, channel B; takes priority over
- port and SPP data (V)
RD&/SPPE/PIC RD& 0 ouT DIG LATD<6> data output.
1 IN ST PORTD<6> data input.
SPP6 1 out DIG SPP<6> output data; takes priority over port data.
1 IN TTL SPP<6> input data,
PiC 0 ouT DIG ECCP1 Enhanced PWM output, channe! C; takes priority over
port and SPP data."
RD7/SPP7/P1D RD7 0 ouT DIG LATD<7> data output.
1 IN ST PORTD<7> data input.
= SPP7 1 ouT DIG SPP<7> output data; takes priority over port dala.
1 IN TTL SPP<7> input data.
P10} Q out DIG ECCP1 Enhanced PWM output, channel D; takes priority over
port and SPP data.(")

Legend: OUT = Output, IN = Input, DIG = Digital Qutput, ST = Schmitt Buffer Input, TTL = TTL Buffer Input
Note 1: May be configured for tri-state during Enhanced PWM shutdown events.

P

PPo
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TABLE 10-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD
Reset
Name Bit7 Bit 6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit0 | Values
on page

PORTD®) RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO 54
LATD® LATD7 | LATD6 | LATDS | LATD4 | LATD3 | LATD2 | LATD1 | LATDO 54
TRISDB® TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO 54
PORTE rROPUG | = |  — p wEgA T RE2G) | RE1®) | REO® | 54
CCPICON | PIMI® | PiMo® | DC1B1 | DCIBO ~ :CP1M3 | CCPIMZ | CCP1M1 | CCPIMO | 53
SPPCON®) | — — —_ -~ 7 — |SPPOWN| SPPEN | 55
Legend: — = unimplemented, read as ‘0. Shaded cells are not used by PORTD.

Note 1; Implemented only when Master Clear functionality is disabled (MCLRE Configuration bit = o).

2: RE3 is the only PORTE bit implemented on both 28-pin and 40/44-pin devices. All other bits are
implemented only when PORTE is implemented (i.e., 40/44-pin devices).

3: These registers and/or bits are unimplemented on 28-pin devices.

AEVIETE® L)
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10.5 PORTE, TRISE and LATE
Registers

Depending on the pérricdlar i5IC1BF2455l255014455I
4550 device selected, PORTE is implemented in two
different ways.

For 40/44-pin devices, PORTE is a 4-bit wide por.
Three pins (REO/ANS/CK1SPP, RE1/ANG/CK2SPP
and RE2/AN7/OESPP) are individually configurable as
inputs or outputs. These pins have Schmitt Trigger
input buffers. When selected as an analog input, these
pins will read as '0's. ~

The corresponding data direction register is TRISE.
Setting a TRISE bit (= 1) will make the corresponding
PORTE pin an input {i.e., put the corresponding output
driver in a high-impedance mode). Clearing a TRISE bit
(= o) will make the correspending PORTE pin an output
(i.e., put the contents of the output latch on the selected

pin). -

In addiion to port data, the PORTE register
(Register 10-1) also contains the RDPU control bit
(PORTE<7>); this enables or disables the weak

pull-ups on PORTD.

s UL

TRISE controls the direction of the RE pins, even when
they are being used as analog inputs. The user must
make sure to keep the pins configured as inputs when
using them as analog inputs.

Note: On a Power-on Reset, RE2:REQ are
qonflgure’d-as:gnalpg inputs.

The Data Latch register (LATE} Is also memory
mapped. Read-modify-write operations on the LATE
register read and write the latched output value for
PORTE, T

REGISTER 10-1: PORTE REGISTER

The fourth pin of PORTE (MCLR/AVPP/RE3) is an input
only pin. its operation is controlled by the MCLRE Config-
uration bit. When selected as a port pin {(MCLRE = 0), it
functions as a digita!l input only pin; as such, it does not
have TRIS ¢or LAT bits associated with its operation,
Otherwise, it functions as the device’s Master Clear input.
In either configuration, RE3 also functions as the
programming voltage input during programming.

Note: On a Power-on Reset, RE3 is enabled as
a digital input only if Master Clsar
functionality is disabled.

EXAMPLE 10-5: INITIALIZING PORTE

CLRF PORTE ; Initialize PORTE by
; clearing output
; data latches

CLRF LATE Alternate method

to clear ouktput
data latches

MOVLW OAh Configqure A/D

i
H
MOVWF ADCON1l ; for digital inputs
MOVIW 03h ; Value used to
: initialize data
;: direction
MOVIH 07h ; Turn off
MOVWF CMCON ; comparators
MOVWF TRISC ; Set RE<0» as inputs
; RE<l> as outputs
; RE<2>» as inputs
10.5.1 PORTE IN 28-PIN DEVICES

For 28-pin devices, PORTE is only available when Mas-
ter Clear functionality is disabled {MCLRE = 0). In these
cases, PORTE is a single bit, input only port comprised
of RE3 only. The pin operates as previously described.

R =Readable bit. . ..., - W = Writable bit
-n = Value at-POR " as ..rnnav -1 = Bit Is set

RW-0 U-0 U-0 U-0 RAW-x R/W-0 R/W-0 RAW-0
popu® | — | — |  — | pes? RE2(3) RE1®) REC®)
pit 790 T e ‘ bit 0

Legend: .

U = Unimplemented bit, read as ‘0’
‘0" = Bit is cleared X = Bit is unknown

hit7 RDPU: PORTD Pull-up Enable bit
1 = PORTD pull-ups are enabled by individual port latch values
0.= All PORTD pull-ups are disabled

bit6-4 Unimplemented: Read as ‘¢’

bit 3-0 RE3:RE0: PORTE Data input bits{!:23)

Nota-d:

2:

3

implemented only when Master Clear functionaiity is disabled (MCLRE Configuration bit = 0); otherwise,
read as ‘0.

RE3 is the only PORTE bit implemented on both 28-pin and 40/44-pin devices. All cther bits are
implemented only when PORTE is implemented (i.e., 40/44-pin devices).

Unimplemented in 28-pin devices; read as '0'.

ut 7
® 2006 Microchip Technology Inc.
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TABLE 10-8:

PORTE VO SUMMARY

Pin Function Szz:ﬁg VG | O Type Description
REQ/ANS/ REQ 0 ouT DIG LATE<O> data output; not affected by analog input.
CK1SPP 1 IN ST | PORTE<0> data input; disabled when analog input enabled.
i ANG = et 1 IN- "ANA | A/D input channel 5; default configuration on POR.
CK1SPP 0 ouT DIG SPP clock 1 output {SPP enabled).
RE1/AN&/ RE1 0 ouT DiG LATE<1> data output; not affected by analog input.
CK2sPP 1 IN ST PORTE<1> data input; disabled when analog input enabled.
ANG 1 IN ANA | A/D input channel 6; default configuration on POR.
CK25PP 1] ouT DIG SPP clock 2 output (SPP enabled).
RE2/AN7Y/ RE2 o ouT DIG LATE<2> data oulput; not affected by analog input.
OESPP 1 IN ST PORTE<2> data input; disabled when analog input enabled.
AN7 1 IN ANA | A/D input channel 7; default configuration on POR.
*4 1 [~OEsPP#|l= 5 J{] OUT'| DIG |SPP enable output (SPP enabled).
MCLRN/PR! MCLR m IN ST Extemal Master Clear input; enabled when MCLRE Configuration bit
RE3 is set.
Vep —® IN ANA | High-voltage detection, used for ICSP™ moda entry detaction.
Always available regardiess of pin mode.
RE3 . — iN ST | PORTE<3> data input; enabled when MCLRE Contiguration bit is
R STl Clear,

Note 1:

TABLE 10-10: SUMMARY OF RE

FONTY

IR 2}

1
+

L]

Legend: OUT = QOutput, IN = Input, ANA = Analog Signal, DIG = Digital Output, ST = Schmitt Buffer Input
RE3 does not have a corresponding TRISE<3> bit. This pin is always an input regardiess of mode.

GISTERS ASSOCIATED WITH PORTE

Reset
Name Bit 7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit0 | Values
rroe s :E o on page
PORTE” | RDPUGL. rResd | Re2® | RE1® | RE0® 54
LATE®) 2 P = LATE2 | LATE1 | LATEO 54
TRISE®) . TRISE2 | TRISE1 | TRISED 54
ADCON1 PCFG3 | PCFG2 | PCFG1 | PCFGO 52
CMCON CiS CcM2 CM1 CMO 53
SPPCON®) _ = -~ _“— |SPPOWN| SPPEN 55
SPPCFG®) CLKCFG1|CLKCFGO| CSEN | CLKIEN wS3 WS2 Tl WS1 | =wSo 55
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by PCRTE.

Note 1;  Implemented only when Master Clear functionality is disabled (MCLRE Configuration bit = 0),

2: RE3 s the only PORTE bit implemented on both 28-pin and 40/44-pin devices. All other bits are
implemented only when PORTE is implemented (i.e., 40/44-pin devices).
3: These registers or bits are unimplemented on 28-pin devices.
PRNERYLY A L
NEVITEY = TS ARVER
X . o _4_‘_“_—:; o ovrag ! LAFTIR W) -
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21.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) converter module has
10inputs for the 28-pin devices and 13 for the
40/44-pin devices. This module allows conversion of an
analog input signal to a corresponding 10-bit digital
number.

The module has five registers:

« A/D Result High Register (ADRESH)
* A/D Result Low Register (ADRESL)
* A/D Control Register 0 (ADCONO)

* A/D Control Register 1 (ADCONT1)

» A/D Control Register 2 (ADCONZ2)

The ADCONO register, shown in Register 21-1,
controls the operation of the A/D module. The
ADCON1 register, shown in Register 21-2, configures
the functions of the port pins. The ADCON2 register,
shown in Register 21-3, configures the A/D clock
source, programmed acquisition time and justification.

REGISTER 21-1: ADCONO: AID CONTROL REGISTER 0
u-0 u-o R/W-D RW-0 R/W-0 R/W-0 R/W-0 R/W-0
2 1% PGHSS Y| ¢ CHS2 CHSH CHSO GO/DONE ADON
bit 7 bit 0
Legend:
Hd UFl;aladz-lble bit W= Wntable bit U = Unimplemented bit, read as '0’
[T {1¥]% AU -unuu(:\”:-
-n = Value at POR Bit is set = Bit is cleared x = Bit is unknown
bit 7-6 lrlnlm]:)[émen;ed Flead as'o’
bit 5-2 CHS3:CHSO: Analog Channel Select bits
0000 = Channel 0 (ANO)
0001 = Channel 1 {AN1)
0010 = Channel 2 (AN2)
0011 = Channel 3 (AN3)
0100 = Channel 4 (AN4)
9101 = Channel 5 (AN5){12)
LS TER 210810 wGhannel 6;{AN6)(‘F) b b -

0111 = Channel 7 (AN7){(12)
1000 = Channel 8 (ANB)
1001 = Channel 9 (AN9)
1010 = Channel 10 (AN10)
1011 = Channel 11 {AN11)
1100 = Channel 12 (AN12)
1101 = Unimplemented®
1110 = Unimplemented®
rg.&ll Unlmplemented(z)

GO/DONE: A/D Convers;on Status bit

hen ADON =
1 A/Dconversion in progress
o = AlDidie-- . -

ADON: A/D On bit

1 = A/D converter module is enabled
0 = A/D converter module is disabled

N

PRy
hit 1

at e

bit 0

Note 1:

These channels are not implemented on 28-pin devices.

2: Performinga convemlon on unimplemented channels will return a floating input measurament.

® 2006 Microchip Technology Inc: ..
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REGISTER 21-2: ADCON1: A/D CONTROL REGISTER 1

u-0 u-0 R/W-0 RW-0 RW-0(1} Rw() RwW(1) Rw(!)
~ | T —=""T vcFao | vCcFGo | PCFG3 | PCFaG2 PCFG1 | PCFGO
bit 7 bit 0
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
bit 7-6 Unimplemented: Read as ‘o’
bit 5 VCFGO: Voltage Reference Configuration bit (VREF- source)
1 = VREF- (AN2)
0 = Vss
bit 4 VCFGO: Voltage Reference Configuration bit (VREF+ source)
1 = VREF+ (AN3)
0 =VDD i
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Contro! bits:
™ o & [ | &
boreo|-Z |22 ]2|2|B(2|2|z|2(2lz]s
3 < < = < o | € | < < | 4 | a4 | g | a] <
locoo®[ A | A [ A |A|A|A[ATA|A|AIAIATIR
0001 A A A A A A A A A A A A A
0010 A A A A A A A A A A A A A
0011 D A A A A A A A A A A Al A
-|-0100 D | D A A A A A A A A A Al A
0101 D D D A A A A A A A Al A |A
o110 | D D D D A A A A A A Al ATA
0111 DD | D|D|[D|ATA]A|A[AlALlAlA
1000 D D D D D D A A A A A A A
1001 D D D D D D D A A A A A A
1010 D D D D D D D D A A A A A
1011 D D D D D D D D D A A A A
1100 D D D D D D D D D D A A A
21101; ;- D D D D D D D D D D D! A]| A
1110 D D D D D D D D D D D D A
1111 D D D D D D D D D D D D D
A= Analoginput © . D = Digital 1O

Note 1: The POR value of the PCFG bits depends on the value of the PBADEN Configuration bit. When
PBADEN = 1, PCFG<3:0> = 0000; when PBADEN = 0, PCFG<3:0> = p111.

2: ANS lﬂ'u'gqgh I\N'I,_ﬂrq available.pnly on 40/44-pin devices., - " . -
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REGISTER 21-3: ADCON2: A/D CONTROL REGISTER 2
C WO v U0 - RAW-0 RW-0 RW-0 - RW-0 RW-0 R/W-0
ADFM | — | AcQT2 [ Acami | AcCQTO | ADCS2 | ADCSY ADCS0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0
-n = Value at POR 1" = Blt is set ‘0’ = Bit is cleared x = Bit Is unknown

bit.7

bit 6
bit 5-3

bit 2-0

Note 1:

T "

ADFM: A/D Result Format Select bit

1 = Right justified

0 = Left justified

Unimplemented: Read as ‘o’

ACQT2:ACQTO: A/D Acquisition Time Select bits
111 =20TAD

110=16TaD

101=12 TAD

100 = 8 TAD

011 =6TAD

010 =4 Tap

001=2TaD

000 = 0 Tap(V

ADCS2:ADCS0: A/D Conversion Clack Select bits
111 = FRc (clock derived from A/D RC oscillator){")
110 = Fosc/64

101 = FOsc/16

100 = Fosc/4

011 = FRC (clock derived from A/D RC oscillator)"
010 = Fosc/a2

001 = FOSC/8

000 = FOsG/2

It the A/D FRC clock source is selected, a detay of one Tcy (instruction cycle) is added before the A/D
clockstans2This allows the SLEEP instruction to be executed betore starting a conversion.

L I F_ WL
A S22 ADC sy
-Fe

vul = Fudisg
=

L PR LI PIEN

Ao Ll S G A e

@ 2006 Microchip Technology Inc.

Preliminary D539632C-page 261



PIC18F2455/2550/4455/4550

The analog reference voltage is software selectable to
either the device’s positive and negative supply voltage
(vob and Vss) or the voltage level on the
RA3J/AN3/VREF+ and RAZ2/ANZ/VREF-/CVREF pins.

The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To
operate in Sleep, the A/D conversion clock must be
derived from the A/D's internal RC oscillator,

The output of the sample and hold is the input into the
converter, which generates the result via successive
approximation.

A device Reset forces all registers to their Reset state.
This forces the A/D module to be turned off and any
conversion in progress is aborted,

Each port pin associated with the A/D converter can be
configured as an analog input or as a digital /0. The
ADRESH and ADRESL registers contain the result of
the A/D conversion. When the A/D conversion is com-
plete, the result is loaded into the ADRESH:ADRESL
register pair, the GO/DONE bit (ADCONO register) is
cleared and A/D Interrupt Flag bit, ADIF, is set. The
block diagram of the A/D module is shown in
Figure 21-1.

FIGURE 21-1: A/D BLOCK DIAGRAM
o SN REDARE s
Jpe 24881 CHS3:CHS0
=, [
: ‘o——|11°° " gl AN12
e : .
.' M ANTY
5 \OWO_‘X] AN10
E 1001
[ T : : ANS
' 1000 *
. o . ANS
o : b-—._.iou'l , g ANTD
. 0110 . IX ANE
: N 0101 . X’ ANS()
. 0100 .
VAIN . - 'Z AN4
10-Bit (Input Voltage) : M ANG
Converter N .
AD : 0010 ,
. \o—.——y—g AN2
: 001 .
VCFG1:VCFGO : Nop-0001 X ant
rooh e yppl@® . \:ooooi &ANO
f——— L tx ] oo
! Reference | VREF+ o0 ii
|L Voltage _,l VRER- ! o ox
"""" Vss@
Note 1: Channels AN5S through AN7 are not available on 28-pin devices.
2: VO pins have diode protaction to VbD and Vss,
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The value in the ADRESH:ADRESL registers is not
modified for a Power-on Reset The ADRESH:ADRESL
registers will contain unknown data after a Power-on
Reset.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channrels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 21.1
“A/D Acquisition Requirements”. After this acquisi-
tion time has elapsed, the A/D conversion can be
started. An acquisition time can be programmed to
oceur between setting the GO/DONE bit and the actual
start of the conversion.

The following steps should be followed to perform an
A/D conversion:
1. Configure the A/D module:

« Configure analog pins, voltage reference and
digital VO (ADCON1)

e % Selegt AD input channel (ADCOND)
* Select A/D acquisition time {ADCONZ2)
+ Select A/D conversion clock (ADCONZ2)
* Tum on A/D module (ADCONOD)
2. Configure A/D interrupt (if desired):
+ Clear ADIF bit
« Set ADIE bit
« Set GIE bit
3. Wait the required acquisition time (if required).
4. Start conversion:'a e~
* Set GO/DONE bit (ADCONO register)

Coam mTHOR e e

FIGURE 21-3: ANALOG INPUT MODEL

5.  Wait for A/D conversion to complete, by either:
* Polling for the GO/DONE bit to be cleared
OCR

= Waiting for the A/D interrupt

6. Read A/D Result registers (ADRESH:ADRESL);
clear bit ADIF, if required.

7. For next conversion, go to step 1 or step 2, as
required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 3 TaD Is
required before the next acquisition starts.

FIGURE 21-2: A/D TRANSFER FUNCTION

3FFh

3FEh

Digite) Code Output
2
2

002h

001h /

AN

0.5L.58
1LSB
15L8B}
LS
25188} -----
3LSB

1022 LS8
10225 LSBf -- - -
1023 LS8
1023.5LS8B -

—————————
Analog Input Voliage

Voo Sampling
Switch
________ VT =0.6V e mmam e
ANx

Ricsik ' 5S Ass ¢
AAA

0wy -
'

5pF ‘|’ VT = 0.6V L aoE CHoLD = 25 pF
K .
Contioure ArD-eerunt (if aebirea: 1 vss
Legend: CPIN = Input Capacilance
vT = Threshold Voltage 6V
ILEAXAGE = Leakage Current at the pin due to voo oy \
T TR various junctions av
Ric = Interconnect Resistance 2v
‘88 = Sampling Switch
CHOLD = Samplathold Capacitance (from DAC} 1 2 3 4
Rss = Sampling Switch Resistance Sampling Switch (k)

O

© 2006 Microchip Technology inc.
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21.1 AJ/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the chargs holding capacitor (CHOLD) must be allowed
to fully charge to the input channe! voltage level. The
analog input model is shown in Figure 21-3. The
source Impedance (Rs) ‘and the intemal sampling
switch (Rss) Impedance directly aftect the time
required to charge the capacitor CHOLD. The sampling
switch (RsS) impedance varies over the device voltage
(VDD). The source impedance affects the offset voltage
at the analog input (due to pin leakage current). The
maximum recommended Impedance for analog
sources is 2.5 k{1 After the analog input channel is
selected {changed), the channel must be sampled for
at least the minimum acquisition time betore starting a
conversion.

Lo

Note; When the conuetsion Is started, the
holding capacitor is disconnected from the
input pin.

EQUATION 21-1: ACQUISITION TIME

To calculate the minimum acquisition time,
Equation 21-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb arror is the maximum error allowed for the A/D
to meet its specified resolution.

Example 21-3 shows the calculation of the minimum
required acquisition time TAcG. This calculation is
based on the following application system
assumptions:

CHOLD = 25pF

Rs = 25Kk
ConversionError < 1/2LS8Sb

VoD = 5V - Rss =2 kQ2
Temperature = B5°C (system max.)

=  TAMP+ TC + TCOFF

TACQ ... 5. - Amplifier,Settling Time + Holding Capacitor Charging Time + Temperature Coefficient

et
i

L S : .
EQUATION 21-2: A/D MINIMUM CHARGING TIME

VHOLD
or
Tc

-(CHOLD)RIC + RSS + RS) In(1/2048)

(VREF = (VREFQMS)) . (l - e('WCHOleR]C +Rss + RS)))

o frhs soeet the chiy w

Tacq = Tamp +TC + TCOFF
vo .1 MC converBler ol
Tamer = 02ps o
TcoFF =  (Temp—25°C)0.02 ps/°C)
(85°C — 25°C)(0.02 ps/C)
1.2ps

- 2“?. -245“5 A,rD E“ Nnnu: el i A et vl\_.

Tc =  -(CHOLD)(RIC + RsS + Rs) In{1/2048) us
(25 pF) (1 k2 + 2 kQ + 2.5 kQ2) In(0.0004883) us
1.05 ps

TACQ 02ps+1.05ps+1.2 s

EQUATION 21-3: CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME

Temperature coefficient is only required for temperatures > 25°C. Below 25°C, TCOFF = 0 ms.

Sk

TR CA S O ]
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sAllegro™ A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensors

Features and Benefits Description

= Low-noise output The A130! and A 1302 are continuous-time, ratiometric, linear
» Fast power-on time Hall-effect sensors. They are optimized to accurately provide
= Ratiometric rail-to-rail output a voltage output that is proportional to an applied magnetic
* 4.51to0 6.0 V operation field. These devices have a quiescent output voltage that is
« Solid-state reliability 50% of the supply voltage. Two output sensitivity options are
= Factory-programmed at end-of-line for optimum provided: 2.5 mV/G typical for the A1301, and 1.3 mV/G

performance typical for the A1302.

* Robust ESD performance The Hall-effect integrated circuit included in each device

includes a Hall sensing element, a linear amplifier, and a
CMOS Class A output structure. Integrating the Hall sensing
clement and the amplifier on a single chip minimizes many
of the problems normally associated with low voltage level
analog signals.

. High precision in output levels is obtained by internal gain
Packages: 3 pin SOT23W (suffix LH), and and offset trim adjustments made at end-of-line during the

3 pin SIP (suffix UA) manufacturing process.

These features make the A1301 and A1302 ideal for use in
position sensing systems, for both linear target motion and
rotational target motion. They are well-suited for industrial
applications over extended temperature ranges, from —40°C
to 125°C.

Two device package types areavailable: LH, a 3-pin SOT23W
type for surface mount, and UA, a 3-pin ultramini SIP for
through-hole mount. They are lead (Pb) free (suffix, -T) with
Not to scale 100% matte tin plated leadframes.

Functionai Block Diagram

vee

- - Ll o 2kt

vouT

M\
i

B
7y
Eg

Carpass

Trim
Control

F—————— =) — =
|_

A1301-DS, Rev. 5



\1301 and
\1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

selection Guide

Part Number Pb-free! Packing? Package Ambient, Ty Sensitivity {Typical)
A1301ELHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount _40°C o 85°C

A1301EUA-T Yes Butk, 500 pieces/bag StP 2.5 mVIG
A1301KLHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount _a0°C 10 125°C

A1301KUA-T Yes Bulk, 500 pieces/bag sip

A1302ELHLT-T Yes 7-in. tape and reel, 3000 pieces/resl Surface Mount _40°C to 85°C

A1302EUA-T Yes Bulk, 500 pieces/bag SIP 13mVIG
A1302KLHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Swrface Mount _40°C to 125°C

A1302KUA-T Yes Bulk, 500 pieces/bag SIP

’b-based varants are being phased out of the product line., Certain variants cited in this footnote are no longer in production The variants should
s be purchased for new design applications. Samples are no longer available. Status change: May 1, 2006. These variants include: A1301ELHLT,

1301EUA, A1301KLHLT, A1301KUA, A1302ELHLT, A1302EUA, A1302KLHLT, and A1302KUA.

sontact Allegro for additional packing options.

Jbsolute Maximum Ratings

Characteristic Symbol Notes Rating Units
Supply Voltage Vee 8 Y
Jutput Voltage Vour 8 v
Reverse Supply Voltage Vree =01 A
Reverse Supply Voltage Vree -0.1 v
Qutput Sink Current lout 10 mA
Range E —40tc 85 °C
Operating Ambient Temperature Ta Rangs K 2010 125 P~
Maximum Junction Temperature T,{max) 165 °C
Storage Temperature Tag —65to 170 °C

legro™

lalicy " yiaeria, G

Allegro MicroSystams, Ine.

115 Nenheast Cutoff, Box 15038

Worcaster, Massachusetts 01615-0036 (508} 853-5000
wyew . allegramicro.com
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\1301 and
\1302

Continuous-Time Ratiometric

Linear Hall Effect Sensors

JEVICE CHARACTERISTICS over operating temperature range, T, and Ve¢ = 5 V, unless otherwise noted

Characteristic Symbol Test Condltions | Min. | Typ. | Max. ! Units
ilectrical Characteristics
jupply Voltage Vee Running, T,< 165°C 4.5 - 6 v
supply Current lee Qutput open - - 1" mA
Vourrigns  |!source = —1 MA, Sens = nominal 4.65 4.7 - Vv
Jutout Voltage Voutiow  |lsink = 1 MA, Sens = nominal - 0.2 0.25 v
Jutput Bandwidth BW - 20 - kHz
- VCC(min) to 0.85 VOUT: B = 11400 G; _
ower-On Time o |Siew rate = 4.5 Vijis to 4.5 V100 ns 3 5 us
Jutput Resistance Rout Isink = 1 MA, lsource 2 =1 MA - 2 5 Q
- External output low pass filter 5 10 kHz; _ _
Vide Band Output Noise, rms Voutn Sens = nominal 150 HV
tatiometry
luiescent Qutput Voltage Error = oge _ _ 9
/ith respect to AVgc! &Vourow [Ta= 25°C B0 | %
flagnetic Sensitivity Error with = o&° _ _ o
sspect to AVeg? ASensgy, 25°C 330 Yo
Jutput
Inearity Lin Ty= 25°C - - 125 %
symmetry Sym Ta= 25°C - - 13.0 %
flagnetic Characteristics
luiescent Qutput Voltage Vouta B=0G;Ty= 25°C 24 25 26 v
luiescent Output Voltage over - _ v
perating Temperature Range Yourauty |B=0G 22 28
1 tic Sensitivi Sens A1301; Ty= 25°C 2.0 2.5 30 | mVIG
agnetic Sensitivity AT30Z, T,= 25°C 10 | 13 | 16 | mviG
Aagnetic Sensitivity over Sens A1301 1.8 - 32 | mVIG
Jperating Temperature Range (4T TA1302 0.85 - 1.75 | mViG
Refer to equation (4) in Ratiometric section on page 4.
Refer to equation (5) in Ratiometric section on page 4.
Allegra MicroSystams, Inc. 3

edllegror

115 Nertheast Cutof?, Box 15036

Worcester, Massachusetls 016150038 (508) 853-5000

www.allegromicro.com



\1301 and
\1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Characteristic Definitions

luiescent Output Voitage. In the quiescent state (no sig-
ficant magnetic field: B = 0), the output, V1, equals one
ilf of the supply veltage, Vo, throughout the entire operating
nges of Vo and ambient temperature, T,. Due to internal
ymponent tolerances and thermal considerations, there is a
lerance on the quiescent output voltage, AVy 1, which is
function of both AV and AT,. For purposes of specifica-
an, the quiescent output voltage as a function of temperature,
Vourqqat,) 18 defined as:

Yourgry) ~ Youtqasc) R

AVourgiat,) =
Sen.s‘(zsvc}
here Sens is in mV/G, and the result is the device equivalent
:curacy, in gauss {G), applicable over the entire operating tem-
srature range.

ensitivity. The presence of a south-polarity (+B) magnetic
eld, perpendicular to the branded face of the device package,
creases the output voltage, Vgoyr, in proportion to the magnetic
eld applied, from Vg toward the Ve rail. Conversely, the
wplication of a north polarity (-B) magnetic field, in the same
-ientation, proportionally decreases the output voltage from its

Ratiometric. The A1301 and A1302 feature a ratiometric
output. This means that the quiescent voltage output, Voo,
and the magnetic sensitivity, Sens, are proportional to the supply
voltage, V.

The ratiometric change (%) in the quiescent voltage output is
defined as:

Voutarveo) / Youtasvy
AV, = x 100% 4
OUTQ(AV) Ve / 5V ) 4
and the ratiometric change (%) in sensitivity is defined as:
Sensy Sensisy
AS(?HS(AV) = Vec) / V) x 100% (5)
Vec/ SV

Linearity and Symmetry. The on-chip output stage is
designed to provide linear output at a supply voltage of 5 V.
Although the application of very high magnetic fields does not
damage these devices, it does force their output into a nonlinear
region, Linearity in percent is measured and defined as:

Vourte+s) — Youtq

liescent value. This proportionality is specified as the magnetic Lint = x 100% (6)
:nsitivity of the device and is defined as: 2 (Foutbwy — Pvourq)
Yout-8) — YouT+s
Sens — 8 o8 (2) . Youtes) - Youte
28 Lin- = x 100% )]
- . . e . 2(Voutesw) — Four)
he stability of the device magnetic sensitivity as a function of ouTERlY) — ToUTQ
nbient temperature, ASens ,1,) (%) is defined as: and output symmetry as:
Sensc. ) — Senspsc Vour+s — Poutg
ASensiat, )= (Ta) 20 x100% 3 Sym = x 100% (8)
Sensgsecy Youtg— Foutes)
Allegro MicroSystems, Inc. 4

Glegro:

115 Northeast Cutoff, Box 15036
Worcaster, Massachusetls 01815-0038 (508} 853-5000
www_allegromicro.com



\1301 and Continuous-Time Ratiometric
\1302 Linear Hall Effect Sensors

Typical Characteristics
(30 pieces, 3 fabrication lots)

1301 Davice Sensitivity vs. Ambient Temperature 1302 Device Sensitivity vs. Temperature
265 1.40
1.384- —-- —
260+ . 138
g 2.55 @ .
2 2551 . >
E. E 1.34
2 2.50i- - =2 1.32
2 &
2 a4 g 180y ' — ]
. ['F]
2 & 128l LH Package
2.40 - 1261 o o |
235 - T 1.24
50 -25 0 25 50 75 100 125 150 50 -26 O 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
1301 Device Vgyrg vs. Ambient Temperature 1302 Device Vgyrg vs. Ambient Temperature
260 260
S 255 - S 2651 ————— Co ]
1] L]
g g
5 5
g g
O 2451 — o e - e O 245
240 240
-50 =25 0 25 &0 75 100 125 150 -50 =25 0 25 50 75 100 125 150
Temperature (°C) Temperature {*C}
1301 Device Sensitivity vs. Supply Voltage 1302 Device Sensitivity vs. Supply Voliage
35
9 o
£ E
& Zz
2 2
E B
=
L 3
1.1
1.5 1.0
4.5 5.0 5.5 6.0 45 5.0 55 6.0
Supply Voltage (V) Supply Voltage (V)

ontinued on the next page...
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\1301 and
\1302

Continuous-Time Ratiometric

Linear Hall Effect Sensors

Typical Characteristics, continued
(30 pieces, 3 fabrication lots)

1301 Device Vgyrg vs. Supply Voltage

1302 Device Vgpq v$. Supply Voltage

Supply Voltage (V)

35 3.5
S 30 - S
Q ®
=4 =
g // g
S 25 . o 3
=] / =
1= a8
= =
© 20} - - ] © 20
15 15
4.5 5.0 5.5 6.0 45 5.0 55 8.0
Supply Voltage (V} Supply Voltage (V}
1301 Device LIN+ and LIN-- vs. Supply Voltage 1302 Device LIN+ and LIN- vs. Supply Vollage
1004 100.0
1003 - - PN ] .
LV \ 99.9
100.2 e - .
; 1001 = 998
2 10001 . 2
S LNe ] < 9979
9991 . - - - —
99.6
®is 5.0 5.5 6.0 45 5.0 5.5 6.0
Supply Voltage (V) Supply Voltage (V}
1301 Device Symmetry vs. Supply Voltage 1302 Device Symmetry vs. Supply Voltage
100.0 100.5
99.9 — 10041+ - -~- - ]
99.8 100.3
. 997 ~ 1002
€ 996 9; 100.1}
%‘ 99.5 £ 100.04
£ 994 E 999 -
& 993 - - & 998
99.2 99.7
91+ ~ ~ E 9.6} o
99.5
99_04.5 5.0 55 6.0 45 5.0 55 6.0

Supply Voltage (V}

L

Allegro MicroSystems, Inc. 6
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\1301 and Continuous-Time Ratiometric
\1302 Linear Hall Effect Sensors

Package LH, 3-Pin; (SOT-23W)

2.10[ 083
i SR | 1.85).073
Prolminary dmensions, for reference only A\ 0.05[.034)
Dimensions n milimetars ' Aiom
U5, Gustomary dimanslons (in.) In brackatn, for raforenos oy |
(reterance JEDEC TC-236 AB, axcept case width and larminal tp-to-ip)
Dimangions axcluske of mold flash, gate burs, and dambar protruglons E E
Exsct case and bbad configuration at suppler discration within bimits shawn 1 ]
Hal slament (not t acaie)
Active Area Depth 0.8 [611]
x :.*.—. l SEATING P seanNGRLANE
=) RIS 1 ¥ PLANE — GAUGE PLANE
050 [0 I
Yom [.mz ] |-— L ;;; [g]
[&oo o @ c[a]8] -
0.15[ oo
]
150 [ors ]]
Pin-out Drawings
Package LH Package UA

L L L LL L

1 2 Al zl] s
Terminal List
Number .
Symbol Package LH | Package UA Description
VCC 1 1 Connects power supply to chip
VOUT 2 3 Qutput from circuit
GND 3 2 Ground

- Allagro MicroSystems, inc. 7
e"!:"‘ I 0'. - 115 Northeast Cutol, Box 15036
T . Worcester, Massachusans 016150036 (508) 853-5000
%_ v [N www.Bllegromicr, com



\1301 and | Continuous-Time Ratiometric
\1302 Linear Hall Effect Sensors

Package UA, 3-Pin SIP

i s [ 0“]|<——| 062 [:f;

0565 [1.44] - 1A\
L . F‘\'—"
. ! L
ﬂ:i [2.15] y R?g; [0‘79] b‘:
A
so[iezE }
mo[ﬂm] g}: [g;;]_' [~
1 3
o1 045 |-—
014
050 [117]
Dimansians in inches

Matric dimansions (mm} in brackets, for nelamnca anly

Aoamharmrnmalprwusbn(&]
Ejecior mark on opposie side
Active Area Depth 0155 |0.50) NOM
Hahl sloment {not ko scale)
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