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PIC18F6585/8585/6680/8680

REGISTER 4-1: CONFIG3L CONFIGURATION BYTE

R/P-1 U-0 U-0 U-0 U-0 U-0 R/P-1 R/P-1
WAIT — — — — — PM1 PMO
bit 7 bit 0
bit 7 WAIT: External Bus Data Wait Enable bit

1 = Wait selections unavailable, device will not wait
0 = Wait programmed by WAIT1 and WAITO bits of MEMCOM register (MEMCOM<5:4>)

bit 6-2 Unimplemented: Read as ‘0’
bit 1-0 PM1:PMO: Processor Data Memory Mode Select bits

11 = Microcontroller mode

10 = Microprocessor mode

01 = Microcontroller with Boot Block mode
00 = Extended Microcontroller mode

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value after erase ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
FIGURE 4-3: MEMORY MAPS FOR PIC18F8X8X PROGRAM MEMORY MODES
Microprocessor Microprocessor Microcontroller _Extended
Mode with Boot Block Mode Microcontroller
Mode Mode
000000h On-Chip 000000h 000000h 000000h
Program On-Chip On-Chip On-Chip
Memory Program Program Program
No Memory M
ac(cess) 00BFFFh(®) Memory 00BFFFA(1) emory
- 0007FFh 00FFFFh(® O00FFFFh(®
2 000800h 00C000hY 00C000h()
3 010000h(? 010000h®
2 External
I;I :’Arogram Reads
o o
g emory External os External
o Program Program
E Memory Memory
S
<
o
1FFFFFh 1FFFFFh 1FFFFFh 1FFFFFh
External On-Chip External ~ On-Chip On-Chip External  On-Chip
Memory Flash Memory Flash Flash Memory  Flash

Note 1: PIC18F6585 and PIC18F8585.
2: PIC18F6680 and PIC18F8680.
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PIC18F6585/8585/6680/8680

TABLE 4-3: REGISTER FILE SUMMARY (CONTINUED)
File Name Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\g‘:Z‘g‘R o[n)e;zgz
B2CON®: ) RXFUL/ RXM1/ RTRRO/ FILHIT4/ FILHIT3/ FILHIT2/ FILHIT1/ | FILHITO/ |0000 0000 | 45,230
TXBIF TXABT TXLARB TXERR TXREQ RTREN TXPRI1 TXPRIO
B1D7() B1D77 B1D76 B1D75 B1D74 B1D73 B1D72 B1D71 B1D70 |xxxx xxxx | 45,230
B1D6(" B1D67 B1D66 B1D65 B1D64 B1D63 B1D62 B1D61 B1D60 |xxxx xxxx | 45,230
B1D5() B1D57 B1D56 B1D55 B1D54 B1D53 B1D52 B1D51 B1D50 |xxxx xxxx | 45,230
B1D4") B1D47 B1D46 B1D45 B1D44 B1D43 B1D42 B1D41 B1D40 |=xxxx xxxx | 45,230
B1D3(™ B1D37 B1D36 B1D35 B1D34 B1D33 B1D32 B1D31 B1D30 |xxxx xxxx | 45,230
B1D2(" B1D27 B1D26 B1D25 B1D24 B1D23 B1D22 B1D21 B1D20 |xxxx xxxx | 45,230
B1D1(™M B1D17 B1D16 B1D15 B1D14 B1D13 B1D12 B1D11 B1D10 |=xxxx xxxx | 46,230
B1D0() B1DO7 B1D06 B1D05 B1D04 B1D03 B1D02 B1D01 B1D0O0 |=xxxx xxxx | 46,230
B1bLC™) — RXRTR RB1 RBO DLC3 DLC2 DLC1 DLCO -xxx xxxx | 46,230
B1EIDLY EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO XxxX xxxX | 46,230
B1EIDH™ EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 XxxX xxxx | 46,230
B1sIDL(? SID2 SID1 SIDO SRR EXID — EID17 EID16 xxxxX X-xx | 46,230
B1SIDH™ SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 XxxXX Xxxx | 46, 230
B1CON® ) RXFUL/ RXM1/ RTRRO/ FILHIT4/ FILHIT3/ FILHIT2/ FILHIT1/ | FILHITO/ |0000 0000 | 46, 230
TXBIF TXABT TXLARB TXERR TXREQ RTREN TXPRI1 TXPRIO
BoD7(™ BOD77 BOD76 BOD75 BOD74 BOD73 BOD72 BOD71 BOD70 |xxxx xxxx | 46,230
BoD6(") BOD67 BOD66 BOD65 BOD64 BOD63 BOD62 BOD61 BOD60 | xxxx xxxx | 46,230
BoD5() BOD57 BOD56 BOD55 BOD54 BOD53 BOD52 BOD51 BOD50 |xxxx xxxx | 46,230
BoD4(™ BOD47 BOD46 BOD45 BOD44 BOD43 BOD42 BOD41 BOD40 |=xxxx xxxx | 46,230
BoD3(" BOD37 BOD36 BOD35 BOD34 BOD33 BOD32 BOD31 BOD30 |xxxx xxxx | 46,230
BoD2(" BOD27 BOD26 BOD25 BOD24 BOD23 BOD22 BOD21 BOD20 |xxxx xxxx | 46,230
BoD1(? BOD17 BOD16 BOD15 BOD14 BOD13 BOD12 BOD11 BOD10 |xxxx xxxx | 46,230
BoDo(™ BODO7 BODO06 BODO5 BOD0O4 BODO3 BOD02 BODO1 BODOO |=xxxx xxxx | 46,230
BopLc™ — RTR RB1 RBO DLC3 DLC2 DLC1 DLCO | -xxx xocx| 46,230
BOEIDL( EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO xxxxX xxxx | 46,230
BOEIDH™ EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 XxxX xxxX | 46,230
BOSIDL®™ SID2 SID1 SIDO SRR EXID — EID17 EID16 |xxxx x-xx| 46,230
BOSIDH™ SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 XxxXxX Xxxx | 46, 230
BOCON®: ) RXFUL/ RXM1/ RTRRO/ FILHIT4/ FILHIT3/ FILHIT2/ FILHIT1/ | FILHITO/ |0000 0000 | 46, 230
TXBIF TXABT TXLARB TXERR TXREQ RTREN TXPRI1 TXPRIO
TXBIED — — — TXB2IE TXBLIE TXBOIE — — ---0 00-- | 46,230
BIEO™) B5IE B4IE B3IE B2IE B1lIE BOIE RXB1IE RXBOIE [ 0000 0000 | 46,230
BSELO(" B5TXEN B4TXEN B3TXEN B2TXEN B1TXEN BOTXEN — — 0000 00--| 46,230
MSEL3®?) FIL15_1 FIL15_0 FIL14 1 FIL14_0 FIL13 1 FIL13 0 FIL12 1 | FIL12.0 [0000 0000 | 46,230
MSEL2( FIL11 1 FIL11 0 FIL10_1 FIL10_0 FIL9 1 FIL9 0 FIL8 1 FIL8 0 |0000 0000 | 46,230
MSEL1(?) FIL7_1 FIL7_ 0 FIL6_1 FIL6_0 FIL5_1 FIL5_0 FlL4 1 FIL4 0 |0000 0101 | 46,230
MSELO®™) FIL3_1 FIL3 0 FIL2_1 FIL2_0 FIL1 1 FIL1_ O FILO_1 FILO_O |0101 0000 | 46,230
SDFLC? — — — DFLC4 DFLC3 DFLC2 DFLC1 | DFLCO |---0 0000 | 46,230
RXFCON1(™ RXF15EN RXF14EN RXF13EN | RXF12EN | RXFI1EN RXF10EN RXFOEN | RXF8EN [ 0000 0000 | 46,230
RXFCONO(™ RXF7EN RXF6EN RXF5EN RXF4AEN RXF3EN RXF2EN RXF1EN | RXFOEN |o0011 1111 47,230
Legend: x = unknown, u = unchanged, — = unimplemented, g = value depends on condition
Note 1: RAG6 and associated bits are configured as port pins in RCIO and ECIO Oscillator mode only and read ‘0’ in all other oscillator
modes.
2:  Bit 21 of the TBLPTRU allows access to the device configuration bits.
3:  These registers are unused on PIC18F6X80 devices; always maintain these clear.
4:  These bits have multiple functions depending on the CAN module mode selection.
5:  Meaning of this register depends on whether this buffer is configured as transmit or receive.
6: RG5 is available as an input when MCLR is disabled.
7:  This register reads all ‘0’s until the ECAN module is set up in Mode 1 or Mode 2.
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PIC18F6585/8585/6680/8680

REGISTER 5-1:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

EECON1 REGISTER (ADDRESS FA6h)

RIW-x  RW-x u-0 RIW-0 RIW-x RW-0 R/SO  RISO
EEPGD | CFGS | — | FREE | WRERR | WREN WR RD
bit 7 bit 0

EEPGD: Flash Program or Data EEPROM Memory Select bit

1 = Access Flash program memory

0 = Access data EEPROM memory

CFGS: Flash Program/Data EEPROM or Configuration Select bit

1 = Access configuration registers

0 = Access Flash program or data EEPROM memory

Unimplemented: Read as ‘0’

FREE: Flash Row Erase Enable bit

1 = Erase the program memory row addressed by TBLPTR on the next WR command
(cleared by completion of erase operation)

0 = Perform write only

WRERR: Flash Program/Data EEPROM Error Flag bit

1 = A write operation is prematurely terminated
(any Reset during self-timed programming in normal operation)
0 = The write operation completed

Note:  When a WRERR occurs, the EEPGD and CFGS bits are not cleared. This allows
tracing of the error condition.
WREN: Flash Program/Data EEPROM Write Enable bit
1 = Allows write cycles
0 = Inhibits write to the EEPROM
WR: Write Control bit

1 = Initiates a data EEPROM erase/write cycle or a program memory erase cycle or write
cycle. (The operation is self-timed and the bit is cleared by hardware once write is
complete. The WR bit can only be set (not cleared) in software.)

0 = Write cycle to the EEPROM is complete

RD: Read Control bit

1 = Initiates an EEPROM read. (Read takes one cycle. RD is cleared in hardware. The RD bit
can only be set (not cleared) in software. RD bit cannot be set when EEPGD = 1.)
0 = Does not initiate an EEPROM read

Legend:

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

W = Writable bit S = Settable bit - n = Value after erase
‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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TABLE 10-1: PORTA FUNCTIONS
Name Bit# Buffer Function
RAO/ANO bit 0 TTL |Input/output or analog input.
RA1/AN1 bit 1 TTL |Input/output or analog input.
RA2/AN2/VREF- bit 2 TTL |Input/output or analog input or VREF-.
RA3/AN3/VREF+ bit 3 TTL |Input/output or analog input or VREF+.
RA4/TOCKI bit 4 ST/OD | Input/output or external clock input for Timer0. Output is open-drain type.
RAS5/AN4/LVDIN bit 5 TTL |Input/output or slave select input for synchronous serial port or analog
input, or Low-Voltage Detect input.
OSC2/CLKO/RA6 bit 6 TTL |OSC2 or clock output, or I/O pin.

Legend: TTL =TTL input, ST = Schmitt Trigger input

TABLE 10-2:. SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
. . . . ) . . . Value on Value on
Name Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other
Resets
PORTA — RA6 RAS5 RA4 RA3 RA2 RA1 RAO -x0x 0000 |-uOu 0000
LATA — | LATA Data Output Register -XXX XXXX|-uuu uuuu
TRISA — | PORTA Data Direction Register -111 1111{-111 1111
ADCON1 | — | — [VCFGI1[VCFGO[PCFG3 | PCFG2 | PCFGL | PCFGO |--00 0000[--00 0000
Legend: x =unknown, u = unchanged, — = unimplemented locations read as ‘0’.

Shaded cells are not used by PORTA.

© 2003-2013 Microchip Technology Inc.
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PIC18F6585/8585/6680/8680

10.6 PORTF, LATF and TRISF Registers

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

Read-modify-write operations on the LATF register
read and write the latched output value for PORTF.

PORTF is multiplexed with several analog peripheral
functions, including the A/D converter inputs and
comparator inputs, outputs, and voltage reference.

Note 1: On a Power-on Reset, the RF6:RFO pins
are configured as inputs and read as ‘0’.

2: To configure PORTF as digital I/O, turn off
comparators and set ADCONL1 value.

FIGURE 10-13:

EXAMPLE 10-6:

INITIALIZING PORTF

CLRF

CLRF

MOVLW
MOVWF
MOVLW
MOVWF
MOVLW

MOVWF

PORTF

LATF

07h
CMCON
OFh
ADCON1
0CFh

TRISF

; Initialize PORTF by
; clearing output

; data latches

; Turn off comparators

data latches
Alternate method
to clear output

Set PORTF as digital I/O
Value used to
initialize data
direction

Set RF3:RF0 as inputs
RF5:RF4 as outputs
RF7:RF6 as inputs

PORTF RF1/AN6/C20UT AND RF2/AN7/C1OUT PINS BLOCK DIAGRAM

Port/Comparator Select

Comparator Data Out

Vss

Analog
Input
Mode

Schmitt
Trigger

X

1/0 pin

5

—
RD LATF
Data Bus D Q
WR LATF or _
WR PORTF KD
Data Latch
oD Q
WR TRISF cKM O
TRIS Latch
4 ]
RD TRISF
/‘
RD PORTF F

EN\‘

To A/D Converter

o

Note 1:

1/0 pins have diode protection to VDD and Vss.

© 2003-2013 Microchip Technology Inc.
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FIGURE 16-4: PWM OUTPUT RELATIONSHIPS (ACTIVE-LOW STATE)

0 Duty PR2 +1
CCP1CON SIGNAL - Cvcle > :
<7:6> Yy .

-«— i Perod —

00 (Single Output) P1A Modulated —_ — | ]

P1A Modulated

_ ‘Delay® Delay®
10 (Half-Bridge) P1B Modulated —___ K T |
P1A Active _ i 3 3
(Full-Bridge, P1B Inactive _ ; Z 1
01 Forward) o : X X
P1C Inactive o \ . ,
PIDModulated —_ || ;
P1A Inactive —_ X X 1
Bri P1B Modulated i | 1
11 (Full-Bridge, — L ! !
Reverse) _ ' ' '
P1C Active _ ! . '
P1D Inactive : 1 .

Note 1: Dead-band delay is programmed using the ECCP1DEL register (Section 16.2.6 “Programmable Dead-Band Delay”).

Relationships:

« Period = 4 * Tosc * (PR2 + 1) * (TMR2 prescale value)

« Duty Cycle = Tosc * (CCPR1L<7:0>:CCP1CON<5:4>) * (TMR2 prescale value)
¢ Delay = 4 * Tosc * (PWM1CON<6:0>)
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17.3.3 ENABLING SPI I/O

To enable the serial port, SSP Enable bit, SSPEN
(SSPCON1<5>), must be set. To reset or reconfigure
SPI mode, clear the SSPEN bit, reinitialize the
SSPCON registers and then set the SSPEN bit. This
configures the SDI, SDO, SCK and SsS pins as serial
port pins. For the pins to behave as the serial port func-
tion, some must have their data direction bits (in the
TRIS register) appropriately programmed as follows:

« SDI is automatically controlled by the SPI module
« SDO must have TRISC<5> bhit cleared

¢ SCK (Master mode) must have TRISC<3> bit
cleared

¢ SCK (Slave mode) must have TRISC<3> bit set
« SS must have TRISF<7> bit set
Any serial port function that is not desired may be

overridden by programming the corresponding data
direction (TRIS) register to the opposite value.

FIGURE 17-2:

17.3.4 TYPICAL CONNECTION

Figure 17-2 shows a typical connection between two
microcontrollers. The master controller (Processor 1)
initiates the data transfer by sending the SCK signal.
Data is shifted out of both shift registers on their pro-
grammed clock edge and latched on the opposite edge
of the clock. Both processors should be programmed to
the same Clock Polarity (CKP), then both controllers
would send and receive data at the same time.
Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

* Master sends data - Slave sends dummy data
» Master sends data - Slave sends data
* Master sends dummy data - Slave sends data

SPI MASTER/SLAVE CONNECTION

PROCESSOR 1

| | | |
| | | |
} SDO | _ | sDI :
I I Ry |
| | | |
: Serial Input Buffer : : Serial Input Buffer :
! (SSPBUF) ! ! (SSPBUF) !
| | | |
| | | |
| | | |
| | | |
: Shift Register SDI l - : Sbo Shift Register :
‘ (SSPSR) ! , (SSPSR) ,
| | | |
| MSb LSb | | MSb LSb 1
: : Serial Clock : :
! SCK | ' sck !
| | | |
| | | |

PROCESSOR 2

© 2003-2013 Microchip Technology Inc.
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1°C MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 17-21:

] ] —
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: N3S

uspum 4Ngdss I&.

IeMYOS Ul UBNLM SI 4NFdSS J
_JJ (<0>1v1SdsS) 49

; \ 1dnuaiul 4SS woy ' 2I1eM0s Ul paJes|d
« . « ! 3U1IN0J BDIAISS S/BMYJOS Ul PaIead ~§ , IF
41dSS

aremyos ul parealo

41dSS 01 spuodsal,
\ Ndoamum
moj play 198 § -

10s

nwsuen uels
M/Y pue ssalppe 1g-L Yim Uspm 4N8dss T

vas

SS3IppPV U4-0T j0

NV 0=MH QAe|S 0) SSaIppY lwsuel]
I S JleH puodas .o ereq Bumiwsuel ) - N
0=N3asS—
T = ZNODdSS <9>ZNOJdSS Uq LVISMOV 1ed[d dAe|s wol4 suiBaq uonIPUOd LEIS
Ul IVISMOV ‘T = N3S <0>ZNOJdSS MM
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18.2.2 USART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 18-5.
The data is received on the RC7/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high-speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter oper-
ates at the bit rate or at Fosc. This mode would
typically be used in RS-232 systems.

To set up an asynchronous reception:

1. Initialize the SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRGH
and BRG16 bits, as required, to achieve the
desired baud rate.

2. Enable the asynchronous serial port by clearing

bit SYNC and setting bit SPEN.

If interrupts are desired, set enable bit RCIE.

If 9-bit reception is desired, set bit RX9.

Enable the reception by setting bit CREN.

Flag bit RCIF will be set when reception is com-

plete and an interrupt will be generated if enable

bit RCIE was set.

7. Read the RCSTA register to get the 9th bit (if
enabled) and determine if any error occurred
during reception.

8. Read the 8-bit received data by reading the
RCREG register.

9. If any error occurred, clear the error by clearing
enable bit CREN.

10. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

o g prw

FIGURE 18-5:

18.2.3 SETTING UP 9-BIT MODE WITH
ADDRESS DETECT

This mode would typically be used in RS-485 systems.
To set up an asynchronous reception with address
detect enable:

1. Initialize the SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRGH
and BRG16 bits, as required, to achieve the
desired baud rate..

Note: When BRGH and BRG16 bits are set,
SPBRGH:SPBRG must be more than ‘1’.

2. Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

3. If interrupts are required, set the RCEN bit and

select the desired priority level with the RCIP bit.

Set the RX9 bit to enable 9-bit reception.

Set the ADDEN bit to enable address detect.

Enable reception by setting the CREN bit.

The RCIF bit will be set when reception is com-

plete. The interrupt will be Acknowledged if the

RCIE and GIE bits are set.

8. Read the RCSTA register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).

9. Read RCREG to determine if the device is being
addressed.

10. If any error occurred, clear the CREN bit.

11. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.

No ok~

USART RECEIVE BLOCK DIAGRAM

x64 Baud Rate CLK

Baud Rate Generator

RC7/RX/DT

Pin Buffer Data
and Control Recovery

SPEN

Interrupt

cee 1 0 | Start

RX9D RCREG Register
FIFO
8
RCIF Data Bus
RCIE
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The analog reference voltage is software selectable to
either the device’s positive and negative supply voltage
(AVDD and AVss) or the voltage level on the RA3/AN3/
VREF+ and RA2/AN2/VREF- pins.

The A/D converter has a unique feature of being able
to operate while the device is in Sleep mode. To oper-
ate 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 1/0. 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
registers, 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 19-1.

FIGURE 19-1: A/D BLOCK DIAGRAM
CHS3:CHS0
,,,,, O I I
' 1111 !
! \o—% AN15(1)
' 1110
; P—'E AN14(D
' 1101
' 1100
1 % AN12(D)
1 1011 .
‘ ﬂ AN11
1 1010 .
' AN10
1 1001 .
, T AN9
‘ 1000
‘ \o—% ANS
' 0111 '
X . AN7
: 0110
; P—'E ANG
: 0101
j : AN5
: 0100 -
! AN4
VAIN ! :
10-bit (Input Voltage) ] \O&;.;'E AN3
Converter '
AID 1 0010 .
. \o % AN2
1 0001 .
VCFGL:VCFGO ‘ o : % ANL
;"L"] 1 \\O 0000 |
' ' VoD %ANO
r— — — ' o
VREF+ ] ]
! Reference 'O/O !
| Voltage VREF- S e
L — — — . SO—
rrrrrrr Vgs
Note 1: Channels AN15 through AN12 are not available on the PIC18F6X8X.
2: /O pins have diode protection to VbD and Vss.
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20.7 Comparator Operation During
Sleep

When a comparator is active and the device is placed
in Sleep mode, the comparator remains active and the
interrupt is functional if enabled. This interrupt will
wake-up the device from Sleep mode when enabled.
While the comparator is powered up, higher Sleep
currents than shown in the power-down current
specification will occur. Each operational comparator
will consume additional current as shown in the com-
parator specifications. To minimize power consumption
while in Sleep mode, turn off the comparators
(CM<2:0> = 111) before entering Sleep. If the device
wakes up from Sleep, the contents of the CMCON
register are not affected.

20.8 Effects of a Reset

A device Reset forces the CMCON register to its Reset
state, causing the comparator module to be in the
Comparator Reset mode (CM<2:0>=000). This
ensures that all potential inputs are analog inputs.
Device current is minimized when analog inputs are
present at Reset time. The comparators will be
powered down during the Reset interval.

20.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 20-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input, therefore, must be between
Vss and Vop. If the input voltage deviates from this
range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up condition may
occur. A maximum source impedance of 10 kQ is
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

FIGURE 20-4: COMPARATOR ANALOG INPUT MODEL
VDD
VT =0.6V RIC

4 —p» Comparator
Input
ILEAKAGE
VT =0.6V +500 nA
i L

Vss

Legend: CPIN

Input Capacitance

VT = Threshold Voltage

ILEAKAGE = Leakage Current at the pin due to various junctions
Ric = Interconnect Resistance

Rs = Source Impedance

VA = Analog Voltage
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21.0 COMPARATOR VOLTAGE 21.1 Configuring the Comparator
REFERENCE MODULE Voltage Reference

The comparator voltage reference is a 16-tap resistor The comparator voltage reference can output 16 distinct

ladder network that provides a selectable voltage voltage levels for each range. The equations used to

reference. The resistor ladder is segmented to provide calculate the output of the comparator voltage reference

two ranges of CVREF values and has a power-down are as follows:

function to conserve power when the reference is not If CVRR = 1:

being used. The CVRCON register controls the CVREF = (CVR<3:0>/24) x CVRSRC

operation of the reference as shown in Register 21-1.

The block diagram is given in Figure 21-1. ILCVRR = 0;

CVREF = (CVDD x 1/4) + (CVR<3:0>/32) x CVRSRC

The settling time of the comparator voltage reference
must be considered when changing the CVREF output
(Section 27.0 “Electrical Characteristics”).

The comparator reference supply voltage can come
from either VDD or Vss, or the external VREF+ and
VREF- that are multiplexed with RA3 and RA2. The
comparator reference supply voltage is controlled by
the CVRSS bit.

REGISTER 21-1: CVRCON REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CVREN | CVROE CVRR CVRSS CVR3 CVR2 CVR1 CVRO
bit 7 bit 0

bit 7 CVREN: Comparator Voltage Reference Enable bit
1 = CVREF circuit powered on
0 = CVREF circuit powered down
bit 6 CVROE: Comparator VREF Output Enable bit™®)
1 = CVREF voltage level is also output on the RF5/AN10/C1IN+/CVREF pin
0 = CVREF voltage is disconnected from the RF5/AN10/C1IN+/CVREF pin
bit 5 CVRR: Comparator VREF Range Selection bit
1 = 0.00 CVRSRC to 0.625 CVRsRC with CVRSRC/24 step size
0 = 0.25 CVRsRC to 0.71875 CVRSRC with CVRSRC/32 step size
bit 4 CVRSS: Comparator VREF Source Selection bit
1 = Comparator reference source, CVRSRC = VREF+ — VREF-
0 = Comparator reference source, CVRSRC = VDD — VSS

Note:  To select (VREF+ — VREF-) as the comparator voltage reference source, the voltage
reference configuration bits in the ADCONL1 register (ADCON1<5:4>) must also be
setto ‘11’
bit 3-0 CVR3:CVRO: Comparator VREF Value Selection bits (0 < VR3:VRO < 15)

When CVRR = 1:

CVREF = (CVR<3:0>/24) ¢ (CVRSRC)

When CVRR = 0:

CVREF = 1/4 e (CVRSRC) + (CVR3:CVRO0/32) ¢ (CVRSRC)

Note 1: If enabled for output, RF5 must also be configured as an input by setting TRISF<5>

to ‘1.
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
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23.2.6 CAN INTERRUPT REGISTERS

The registers in this section are the same as described
in Section 9.0 “Interrupts”. They are duplicated here

for convenience.

REGISTER 23-56: PIR3: PERIPHERAL INTERRUPT FLAG REGISTER

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RW-0  RMW-0  R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IRXIF | WAKIF | ERRIF | TxB2IF/ | TXB1IFD | TXBoIFD) | RXB1IF/ | RXBOIF/
TXBnIF RXBnIF | FIFOWMIF
bit 7 bit 0

IRXIF: CAN Invalid Received Message Interrupt Flag bit

1 = An invalid message has occurred on the CAN bus

0 = No invalid message on CAN bus

WAKIF: CAN bus Activity Wake-up Interrupt Flag bit

1 = Activity on CAN bus has occurred

0 = No activity on CAN bus

ERRIF: CAN bus Error Interrupt Flag bit

1 = An error has occurred in the CAN module (multiple sources)

0 = No CAN module errors

When CAN is in Mode 0:

TXB2IF: CAN Transmit Buffer 2 Interrupt Flag bit

1 = Transmit Buffer 2 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 2 has not completed transmission of a message
When CAN is in Mode 1 or 2:

TXBnIF: Any Transmit Buffer Interrupt Flag bit

1 = One or more transmit buffers has completed transmission of a message and may be reloaded
0 = No transmit buffer is ready for reload

TXBL1IF: CAN Transmit Buffer 1 Interrupt Flag bit(?)

1 = Transmit Buffer 1 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 1 has not completed transmission of a message
TXBOIF: CAN Transmit Buffer O Interrupt Flag bit(})

1 = Transmit Buffer 0 has completed transmission of a message and may be reloaded
0 = Transmit Buffer O has not completed transmission of a message
When CAN is in Mode 0:

RXB1IF: CAN Receive Buffer 1 Interrupt Flag bit

1 = Receive Buffer 1 has received a new message

0 = Receive Buffer 1 has not received a new message

When CAN is in Mode 1 or 2:

RXBnIF: Any Receive Buffer Interrupt Flag bit

1 = One or more receive buffers has received a new message

0 = No receive buffer has received a new message

When CAN is in Mode 0:

RXBOIF: CAN Receive Buffer O Interrupt Flag bit

1 = Receive Buffer 0 has received a new message

0 = Receive Buffer 0 has not received a new message

When CAN is in Mode 1:

Unimplemented: Read as ‘0’

When CAN is in Mode 2:

FIFOWMIF: FIFO Watermark Interrupt Flag bit

1 = FIFO high watermark is reached

0 = FIFO high watermark is not reached

Note 1: In CAN Mode 1 and 2, this bit is forced to ‘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
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In Mode 1 and 2, there are a total of 16 acceptance fil-
ters available and each can be dynamically assigned to
any of the receive buffers. A buffer with a lower number
has higher priority. Given this, if an incoming message
matches with two or more receive buffer acceptance
criteria, the buffer with the lower number will be loaded
with that message.

23.7.3 ENHANCED FIFO MODE

When configured for Mode 2, two of the dedicated
receive buffers, in combination with one or more pro-
grammable transmit/receive buffers, are used to create
a maximum of 8 buffers deep FIFO (First In First Out)
buffer. In this mode, there is no direct correlation
between filters and receive buffer registers. Any filter
that has been enabled can generate an acceptance.
When a message has been accepted, it is stored in the
next available receive buffer register and an internal
write pointer is incremented. The FIFO can be a maxi-
mum of 8 buffers deep. The entire FIFO must consist of
contiguous receive buffers. The FIFO head begins at
RXBO buffer and its tail spans toward B5. The maxi-
mum length of the FIFO is limited by the presence or
absence of the first transmit buffer starting from BO. If a
buffer is configured as a transmit buffer, the FIFO
length is reduced accordingly. For instance, if B3 is
configured as transmit buffer, the actual FIFO will con-
sist of RXB0, RXB1, B0, B1 and B2, a total of 5 buffers.
If BO is configured as a transmit buffer, the FIFO length
will be 2. If none of the programmable buffers are con-
figured as a transmit buffer, the FIFO will be 8 buffers
deep. A system that requires more transmit buffers
should try to locate transmit buffers at the very end of
B0-B5 buffers to maximize available FIFO length.

When a message is received in FIFO mode, the Inter-
rupt Flag Code bits (EICODE<4:0>) in the CANSTAT
register will have a value of ‘10000’, indicating the
FIFO has received a message. FIFO pointer bits
FP<3:0> in the CANCON register point to the buffer
that contains data not yet read. The FIFO pointer bits,
in this sense, serve as the FIFO read pointer. The user
should use FP bits and read corresponding buffer data.
When receive data is no longer needed, the RXFUL bit
in the current buffer must be cleared, causing FP<3:0>
to be updated by the module.

To determine whether FIFO is empty or not, the user
may use FP<3:0> bits to access RXFUL bit in the cur-
rent buffer. If RXFUL is cleared, the FIFO is considered
to be empty. If it is set, the FIFO may contain one or
more messages. In Mode 2, the module also provides
a bit called FIFO High Water Mark (FIFOWM) in the
ECANCON register. This bit can be used to cause an
interrupt whenever the FIFO contains only one or four
empty buffers. The FIFO high water mark interrupt can
serve as an early warning to a full FIFO condition.

23.7.4 TIME-STAMPING

The CAN module can be programmed to generate a
time-stamp for every message that is received. When
enabled, the module generates a capture signal for
CCP1, which in turn captures the value of either Timerl
or Timer3. This value can be used as the message
time-stamp.

To use the time-stamp capability, the CANCAP bit
(CIOCAN<4>) must be set. This replaces the capture
input for CCP1 with the signal generated from the CAN
module. In addition, CCP1CON<3:0> must be set to
‘0011’ to enable the CCP special event trigger for CAN
events.

23.8 Message Acceptance Filters
and Masks

The message acceptance filters and masks are used to
determine if a message in the message assembly
buffer should be loaded into any of the receive buffers.
Once a valid message has been received into the MAB,
the identifier fields of the message are compared to the
filter values. If there is a match, that message will be
loaded into the appropriate receive buffer. The filter
masks are used to determine which bits in the identifier
are examined with the filters. A truth table is shown
below in Table 23-2 that indicates how each bit in the
identifier is compared to the masks and filters to deter-
mine if a message should be loaded into a receive
buffer. The mask essentially determines which bits to
apply the acceptance filters to. If any mask bit is set to
a zero, then that bit will automatically be accepted
regardless of the filter bit.

TABLE 23-2: FILTER/MASK TRUTH TABLE

wask | piter | iese | Aceentor
bit n001 bit n
0 x b'q Accept
1 0 0 Accept
1 0 1 Reject
1 1 0 Reject
1 1 1 Accept
Legend: x =don'tcare

In Mode 0, acceptance filters RXFO and RXF1 and filter
mask RXMO are associated with RXBO. Filters RXF2,
RXF3, RXF4 and RXF5 and mask RXM1 are
associated with RXB1.
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FIGURE 27-11: BROWN-OUT RESET TIMING

VBGAP = 1.2V

|
VIRVST / |

Enable Internal |
|
|

Reference Voltage

Internal Reference
Voltage Stable

TABLE 27-11: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROWN-OUT RESET REQUIREMENTS

Pa;\:(a)lm. Symbol Characteristic Min Typ Max Units Conditions
30 TmcL MCLR Pulse Width (low) 2 — — us
31 TwDT Watchdog Timer Time-out Period 7 18 33 ms

(No Postscaler)
32 TosT Oscillation Start-up Timer Period 1024 Tosc| — |1024 Tosc| — |Tosc = OSC1 period
33 TPWRT  |Power up Timer Period 28 72 132 ms
34 Tioz 1/0 High-Impedance from MCLR Low — 2 — us

or Watchdog Timer Reset
35 TBOR Brown-out Reset Pulse Width 200 — — us |VDD < BVDD (see)
36 TivRST  |Time for Internal Reference — 20 50 us

Voltage to become stable
37 TLvD Low-Voltage Detect Pulse Width 200 — — us |VDD < VLvD

FIGURE 27-12: TIMERO AND TIMER1 EXTERNAL CLOCK TIMINGS

TMRO or
TMR1

Note: Refer to Figure 27-5 for load conditions.
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TABLE 27-22: MASTER SSP I°C BUS DATA REQUIREMENTS

Pa:\:gm. Symbol Characteristic Min Max | Units Conditions
100 THIGH Clock High Time |100 kHz mode | 2(Tosc)(BRG +1) | — ms
400 kHz mode | 2(Tosc)(BRG +1) | — ms
1 MHz mode® | 2(Tosc)(BRG +1) | — ms
101 TLow Clock Low Time |100 kHz mode | 2(Tosc)(BRG +1) | — ms
400 kHz mode | 2(TosC)(BRG +1) | — ms
1 MHz mode® | 2(Tosc)(BRG +1) | — ms
102 TR SDA and SCL 100 kHz mode — 1000 ns |CBis specified to be from
Rise Time 400 kHz mode 20+ 0.1 CB 300 | ns |101to400pF
1 MHz mode® — 300 | ns
103 TF SDA and SCL 100 kHz mode — 300 ns |Csis specified to be from
Fall Time 400 kHz mode 20 +0.1 CB 300 | ns |101o400pF
1 MHz mode® — 100 | ns
90 Tsu:STA |Start Condition |100 kHz mode | 2(TosC)(BRG +1) | — ms |Only relevant for
Setup Time 400 kHz mode | 2(Tosc)(BRG + 1) | — ms |Repeated Start
1 MHz mode® | 2(Tosc)(BRG +1) | — ms _|cOndition
91 THD:STA |[Start Condition 100 kHz mode | 2(Tosc)(BRG +1) | — ms | After this period, the first
Hold Time 400 kHz mode | 2(Tosc)(BRG +1) | — ms |clock pulse is generated
1 MHz mode® | 2(Tosc)(BRG +1) | — ms
106 THD:DAT |Data Input 100 kHz mode 0 — ns
Hold Time 400 kHz mode 0 09 | ms
1 MHz mode® TBD — ns
107 TSu:DAT |Data Input 100 kHz mode 250 — ns |(Note 2)
Setup Time 400 kHz mode 100 — ns
1 MHz mode® TBD — ns
92 Tsu:sTo |Stop Condition 100 kHz mode | 2(Tosc)(BRG +1) | — ms
Setup Time 400 kHz mode | 2(Tosc)(BRG + 1) | — ms
1 MHz mode® | 2(Tosc)(BRG +1) | — ms
109 TAA Output Valid 100 kHz mode — 3500 ns
from Clock 400 kHz mode — 1000 | ns
1 MHz mode® — — ns
110 TBUF Bus Free Time [100 kHz mode 4.7 — ms | Time the bus must be free
400 kHz mode 1.3 _ ms |before a new transmission
1 MHz mode® TBD — [ ms |constert
D102 |(Cs Bus Capacitive Loading — 400 pF
Note 1: Maximum pin capacitance = 10 pF for all I°C pins.
2:  AFast mode I2C bus device can be used in a Standard mode I12C bus system, but parameter #107 > 250 ns,

must then be met. This will automatically be the case if the device does not stretch the low period of the SCL
signal. If such a device does stretch the low period of the SCL signal, it must output the next data bit to the
SDA line, parameter #102 + parameter #107 = 1000 + 250 = 1250 ns (for 100 kHz mode), before the SCL

line is released.
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FIGURE 28-13: AVERAGE Fosc vs. VDb FOR VARIOUS R’s (RC MODE, C = 100 pF, TEMP = 25°C)
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FIGURE 28-14: AVERAGE Fosc vs. VDb FOR VARIOUS R’s (RC MODE, C = 300 pF, TEMP = 25°C)
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FIGURE 28-23: TYPICAL AND MAXIMUM VoL vs. loL (VDD = 5V, -40°C TO +125°C)
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FIGURE 28-24: TYPICAL AND MAXIMUM VoL vs. loL (VDD = 3V, -40°C TO +125°C)
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