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rather than serving as standalone computers.
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TO OUR VALUED CUSTOMERS

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

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

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

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

» Your local Microchip sales office (see last page)

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

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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TABLE 1-3: PIC18F4682/4685 PINOUT 1/0 DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer e
Pin Name Description
PDIP | QFN | TQFP | Type | Type
PORTB is a bidirectional I/O port. PORTB can be
software programmed for internal weak pull-ups on all
inputs.
RBO/INTO/FLTO/AN10 | 33 9 8
RBO I/0 TTL Digital I/0.
INTO | ST External interrupt 0.
FLTO | ST Enhanced PWM Fault input (ECCP1 module).
AN10 | | Analog Analog input 10.
RB1/INT1/AN8 34 10 9
RB1 I/0 TTL Digital I/0.
INT1 | ST External interrupt 1.
AN8 I | Analog Analog input 8.
RB2/INT2/CANTX 35 11 10
RB2 I/0 TTL Digital I/0.
INT2 | ST External interrupt 2.
CANTX 0] TTL CAN bus TX.
RB3/CANRX 36 12 11
RB3 I/0 TTL Digital I/0.
CANRX | TTL CAN bus RX.
RB4/KBIO/AN9 37 14 14
RB4 I/0 TTL Digital I/0.
KBIO | TTL Interrupt-on-change pin.
AN9 I | Analog Analog input 9.
RB5/KBI1/PGM 38 15 15
RB5 I/0 TTL Digital I/0.
KBI1 | TTL Interrupt-on-change pin.
PGM I/0 ST Low-Voltage ICSP™ Programming enable pin.
RB6/KBI2/PGC 39 16 16
RB6 I/0 TTL Digital I/0.
KBI2 | TTL Interrupt-on-change pin.
PGC I/O ST In-Circuit Debugger and ICSP programming
clock pin.
RB7/KBI3/PGD 40 17 17
RB7 I/0 TTL Digital I/0.
KBI3 | TTL Interrupt-on-change pin.
PGD I/O ST In-Circuit Debugger and ICSP programming
data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Output P = Power

DS39761C-page 20 © 2009 Microchip Technology Inc.
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51.1 PROGRAM COUNTER The stack operates as a 31-word by 21-bit RAM and a
5-bit Stack Pointer, STKPTR. The stack space is not
part of either program or data space. The Stack Pointer
is readable and writable and the address on the top of
the stack is readable and writable through the Top-of-
Stack Special Function Registers. Data can also be
pushed to, or popped from the stack, using these

The Program Counter (PC) specifies the address of the
instruction to fetch for execution. The PC is 21 bits wide
and is contained in three separate 8-bit registers. The
low byte, known as the PCL register, is both readable
and writable. The high byte, or PCH register, contains
the PC<15:8> bits; it is not directly readable or writable.

Updates to the PCH register are performed through the registers.

PCLATH register. The upper byte is called PCU. This A CALL type instruction causes a push onto the stack.
register contains the PC<20:16> bits; it is also not The Stack Pointer is first incremented and the location
directly readable or writable. Updates to the PCU pointed to by the Stack Pointer is written with the
register are performed through the PCLATU register. contents of the PC (already pointing to the instruction

following the CALL). A RETURN type instruction causes
a pop from the stack. The contents of the location
pointed to by the STKPTR are transferred to the PC
and then the Stack Pointer is decremented.

The contents of PCLATH and PCLATU are transferred
to the program counter by any operation that writes to
the PCL. Similarly, the upper two bytes of the program
counter are transferred to PCLATH and PCLATU by an

operation that reads PCL. This is useful for computed The Stack Pointer is initialized to ‘00000’ after all
offsets to the PC (see Section 5.1.4.1 “Computed Resets. There is no RAM associated with the location
GOTO”). corresponding to a Stack Pointer value of ‘'00000’; this

is only a Reset value. Status bits indicate if the stack is

The PC addresses bytes in the program memory. To full, has overflowed or has underflowed.

prevent the PC from becoming misaligned with word

instructions, the Least Significant bit of PCL is fixed to 121 Top-of-Stack A
a value of ‘0’. The PC increments by 2 to address 51.2 op-of-Stack Access .
sequential instructions in the program memory. Only the top of the return address stack (TOS) is

readable and writable. A set of three registers,
TOSU:TOSH:TOSL, holds the contents of the stack
location pointed to by the STKPTR register (Figure 5-2).
This allows users to implement a software stack if
necessary. After a CALL, RCALL or interrupt, the

The CALL, RCALL and GOTO program branch
instructions write to the program counter directly. For
these instructions, the contents of PCLATH and
PCLATU are not transferred to the program counter.

software can read the pushed value by reading the
51.2 RETURN ADDRESS STACK TOSU:TOSH:TOSL registers. These values can be
The return address stack allows any combination of up placed on a user defined software stack. At return time,
to 31 program calls and interrupts to occur. The PC is the software can return these values to
pushed onto the stack when a CALL, or RCALL instruc- TOSU:TOSH:TOSL and do a return.

tion is executed, or an interrupt is Acknowledged. The
PC value is pulled off the stack on a RETURN, RETLW
or a RETFIE instruction. PCLATU and PCLATH are not
affected by any of the RETURN or CALL instructions.

The user must disable the global interrupt enable bits
while accessing the stack to prevent inadvertent stack
corruption.

FIGURE 5-2: RETURN ADDRESS STACK AND ASSOCIATED REGISTERS

Return Address Stack <20:0>

11111
. 11110 .
Top-of-Stack Registers 11101 Stack Pointer
TOSU TOSH TOSL - s 1 s STKPTR<4:0>
Looh | [ 1Ah | [ 34h | I

- / 00011 J
SN Top-of-Stack | 001A34h | 00010

000D58h | 00001
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5.4.3.1 FSR Registers and the

INDF Operand

At the core of Indirect Addressing are three sets of
registers: FSR0O, FSR1 and FSR2. Each represents a
pair of 8-bit registers: FSRnH and FSRnL. The four
upper bits of the FSRnH register are not used, so each
FSR pair holds a 12-bit value. This represents a value
that can address the entire range of the data memory
in a linear fashion. The FSR register pairs, then, serve
as pointers to data memory locations.

Indirect Addressing is accomplished with a set of
Indirect File Operands: INDFO through INDF2. These
can be thought of as “virtual” registers: they are

FIGURE 5-7: INDIRECT ADDRESSING

mapped in the SFR space, but are not physically
implemented. Reading or writing to a particular INDF
register actually accesses its corresponding FSR
register pair. A read from INDF1, for example, reads
the data at the address indicated by FSR1H:FSR1L.
Instructions that use the INDF registers as operands
actually use the contents of their corresponding FSR as
a pointer to the instruction’s target. The INDF operand
is just a convenient way of using the pointer.

Because Indirect Addressing uses a full 12-bit address,
data RAM banking is not necessary. Thus, the current
contents of the BSR and Access RAM bit have no effect
on determining the target address.

000h
Using an instruction with one of the ADDWF, INDF1, 1 Bank 0
Indirect Addressing registers as the 100h
operand.... Bank 1
200h
Bank 2
) 300h
...uses the 12-bit address stored in FSR1H:FSRIL
the FSR pair associated with that
. 7 0 7 0
register....
x|x|x|[x|[1]1[1|0 1|11)]0f{0f1]1|0]|0
HHHIIIIIIHHU d e
b B through
Bank 13
...to determine the data memory
location to be used in that operation.
In this case, the FSR1 pair contains E0Oh
ECCh. This means the contents of > Bank 14
location ECCh will be added to that FOOh
of the W register and stored back in Bank 15
ECCh. FFFh
Data Memory

© 2009 Microchip Technology Inc.
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6.5 Writing to Flash Program Memory

The minimum programming block is 32 words or
64 bytes. Word or byte programming is not supported.

Table writes are used internally to load the holding
registers needed to program the Flash memory. There
are 64 holding registers used by the table writes for
programming.

Since the Table Latch (TABLAT) is only a single byte,
the TBLWT instruction may need to be executed
64 times for each programming operation. All of the
table write operations will essentially be short writes
because only the holding registers are written. At the
end of updating the 64 holding registers, the EECON1
register must be written to in order to start the
programming operation with a long write.

FIGURE 6-5:

TABLE WRITES TO FLASH PROGRAM MEMORY

The long write is necessary for programming the
internal Flash. Instruction execution is halted while in a
long write cycle. The long write will be terminated by
the internal programming timer.

The EEPROM on-chip timer controls the write time.
The write/erase voltages are generated by an on-chip
charge pump, rated to operate over the voltage range
of the device.

Note:  The default value of the holding registers on
device Resets and after write operations is
FFh. A write of FFh to a holding register
does not modify that byte. This means that
individual bytes of program memory may be
modified, provided that the change does not
attempt to change any bit froma ‘0’ toa ‘1’.
When modifying individual bytes, it is not
necessary to load all 64 holding registers
before executing a write operation.

TABLAT
Write Register

Program Memory

6.5.1 FLASH PROGRAM MEMORY WRITE
SEQUENCE

The sequence of events for programming an internal

program memory location should be:

1. Read 64 bytes into RAM.

2. Update data values in RAM as necessary.

3. Load Table Pointer register with address being
erased.

4. Execute the Row Erase procedure.

5. Load Table Pointer register with address of first
byte being written.

6. Write the 64 bytes into the holding registers with
auto-increment.

7. Setthe EECON1 register for the write operation:
» set EEPGD bit to point to program memory;
* clear the CFGS bit to access program memory;
» set WREN to enable byte writes.

8. Disable interrupts.

9. Write 55h to EECON2.

10. Write 0AAh to EECON2.

11. Set the WR bit. This will begin the write cycle.

12. The CPU will stall for duration of the write (about
2 ms using internal timer).

13. Re-enable interrupts.
14. Verify the memory (table read).
This procedure will require about 18 ms to update one

row of 64 bytes of memory. An example of the required
code is given in Example 6-3.

Note: Before setting the WR bit, the Table
Pointer address needs to be within the
intended address range of the 64 bytes in

the holding register.

© 2009 Microchip Technology Inc.
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9.0 INTERRUPTS

The PIC18F2682/2685/4682/4685 devices have multiple
interrupt sources and an interrupt priority feature that
allows each interrupt source to be assigned a high priority
level or a low priority level. The high priority interrupt
vector is at 000008h and the low priority interrupt vector
is at 000018h. High priority interrupt events will interrupt
any low priority interrupts that may be in progress.

There are ten registers which are used to control
interrupt operation. These registers are:

+ RCON

* INTCON

* INTCON2

* INTCON3

* PIR1, PIR2, PIR3
« PIE1, PIE2, PIE3
* IPR1, IPR2, IPR3

It is recommended that the Microchip header files
supplied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the assembler/
compiler to automatically take care of the placement of
these bits within the specified register.

Each interrupt source has three bits to control its
operation. The functions of these bits are:

» Flag bit to indicate that an interrupt event
occurred

» Enable bit that allows program execution to
branch to the interrupt vector address when the
flag bit is set

« Priority bit to select high priority or low priority

The interrupt priority feature is enabled by setting the
IPEN bit (RCON<7>). When interrupt priority is
enabled, there are two bits which enable interrupts
globally. Setting the GIEH bit INTCON<7>) enables all
interrupts that have the priority bit set (high priority).
Setting the GIEL bit (INTCON<6>) enables all
interrupts that have the priority bit cleared (low priority).
When the interrupt flag, enable bit and appropriate
global interrupt enable bit are set, the interrupt will
vector immediately to address 000008h or 000018h,
depending on the priority bit setting. Individual
interrupts can be disabled through their corresponding
enable bits.

When the IPEN bit is cleared (default state), the
interrupt priority feature is disabled and interrupts are
compatible with PIC® mid-range devices. In
Compatibility mode, the interrupt priority bits for each
source have no effect. INTCON<6> is the PEIE bit,
which enables/disables all peripheral interrupt sources.
INTCON<7> is the GIE bit, which enables/disables all
interrupt sources. All interrupts branch to address
000008h in Compatibility mode.

When an interrupt is responded to, the global interrupt
enable bit is cleared to disable further interrupts. If the
IPEN bit is cleared, this is the GIE bit. If interrupt priority
levels are used, this will be either the GIEH or GIEL bit.
High priority interrupt sources can interrupt a low
priority interrupt. Low priority interrupts are not
processed while high priority interrupts are in progress.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address
(000008h or 000018h). Once in the Interrupt Service
Routine, the source(s) of the interrupt can be deter-
mined by polling the interrupt flag bits. The interrupt
flag bits must be cleared in software before re-enabling
interrupts to avoid recursive interrupts.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine and sets the GIE bit (GIEH or GIEL
if priority levels are used), which re-enables interrupts.

For external interrupt events, such as the INT pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two-cycle instructions.
Individual interrupt flag bits are set, regardless of the
status of their corresponding enable bit or the GIE bit.

Note: Do not use the MOVEF instruction to modify
any of the interrupt control registers while
any interrupt is enabled. Doing so may
cause erratic microcontroller behavior.

© 2009 Microchip Technology Inc.
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FIGURE 10-3: PARALLEL SLAVE PORT WRITE WAVEFORMS
EQ1|Q2|QS|Q4EQ1|QZ|Q3|Q4 Ql | @2 | @3 | 4
s\ | o,
WR \ |
T : I
PORTD<7:0> 4< L\
IBF . \ \/
OBF \
PSPIF \*/
FIGURE 10-4: PARALLEL SLAVE PORT READ WAVEFORMS
:Q1|QZ|Q3|Q4 Q1 | @2 | @3 | Q4 Q1 | @2 | @3 | Q4
cs o\ /
WR — i
RD ‘
PORTD<7:0> : \ >
IBF | \
OBF 1 %\ \ !
PSPIF \./
TABLE 10-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT
Reset
Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
PORTD(") RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO 54
LATD(") | LATD Data Output Register 54
TRISD(") | PORTD Data Direction Register 54
PORTE( — = = — RE3 RE2 RE1 REO 54
LATE(™ = = = = = LATE Data Output Register 54
TRISE™ IBF OBF IBOV | PSPMODE — TRISE2 | TRISE1 | TRISEO 54
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF | INTOIF RBIF 51
PIR1 PSPIF? ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 54
PIE1 PSPIE® ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 54
IPR1 PSPIP ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 54
ADCON1 — = VCFG1 VCFGO PCFG3 | PCFG2 | PCFG1 PCFGO 52
cMcONM | c2ouT c1ouT C2INV C1INV cIs CM2 CM1 CMO 53
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Parallel Slave Port.
Note 1: These registers are available on PIC18F4682/4685 devices only.
2: These bits are unimplemented on PIC18F2682/2685 devices and read as ‘0’.

© 2009 Microchip Technology Inc.
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REGISTER 17-4: SSPCON1: MSSP CONTROL REGISTER 1 (12C™ MODE)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
wcoL sspov | ssPeN™ CKP ssPM3® | sspm2® | sspm1®@ | sspmo®
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’ = Bitis cleared x = Bit is unknown
bit 7 WCOL: Write Collision Detect bit

In Master Transmit mode:

1= A write to the SSPBUF register was attempted while the I°C conditions were not valid for a
transmission to be started (must be cleared in software)

0 = No collision

In Slave Transmit mode:

1 = The SSPBUF register is written while it is still transmitting the previous word (must be cleared in
software)

0 = No collision

In Receive mode (Master or Slave modes):

This is a “don’t care” bit.

bit 6 SSPOV: Receive Overflow Indicator bit

In Receive mode:

1 = Abyte is received while the SSPBUF register is still holding the previous byte (must be cleared in
software)

0 = No overflow

In Transmit mode:

This is a “don’t care” bit in Transmit mode.

bit 5 SSPEN: Master Synchronous Serial Port Enable bit(!)

1 = Enables the serial port and configures the SDA and SCL pins as the serial port pins
0 = Disables serial port and configures these pins as 1/O port pins

bit 4 CKP: SCK Release Control bit
In Slave mode:
1 = Release clock
0 = Holds clock low (clock stretch), used to ensure data setup time
In Master mode:
Unused in this mode.
bit 3-0 SSPM3:SSPMO0: Master Synchronous Serial Port Mode Select bits(2)
1111 = I?C Slave mode, 10-bit address with Start and Stop bit interrupts enabled
1110 = I2C Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1011 = I2C Firmware Controlled Master mode (slave Idle)
1000 = I2C Master mode, clock = Fosc/(4 * (SSPADD + 1))
0111 = I2C Slave mode, 10-bit address
0110 = I2C Slave mode, 7-bit address

Note 1: When enabled, the SDA and SCL pins must be properly configured as input or output.
2: Bit combinations not specifically listed here are either reserved or implemented in SPI mode only.

DS39761C-page 200 © 2009 Microchip Technology Inc.
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17.4.4 CLOCK STRETCHING

Both 7 and 10-Bit Slave modes implement automatic
clock stretching during a transmit sequence.

The SEN bit (SSPCON2<0>) allows clock stretching to
be enabled during receives. Setting SEN will cause
the SCL pin to be held low at the end of each data
receive sequence.

17.4.41 Clock Stretching for 7-Bit Slave
Receive Mode (SEN = 1)

In 7-Bit Slave Receive mode, on the falling edge of the
ninth clock at the end of the ACK sequence if the BF
bit is set, the CKP bit in the SSPCON1 register is
automatically cleared, forcing the SCL output to be
held low. The CKP being cleared to ‘0’ will assert the
SCL line low. The CKP bit must be set in the user’s
ISR before reception is allowed to continue. By holding
the SCL line low, the user has time to service the ISR
and read the contents of the SSPBUF before the
master device can initiate another receive sequence.
This will prevent buffer overruns from occurring (see
Figure 17-13).

Note 1: If the user reads the contents of the
SSPBUF before the falling edge of the
ninth clock, thus clearing the BF bit, the
CKP bit will not be cleared and clock
stretching will not occur.

2: The CKP bit can be set in software
regardless of the state of the BF bit. The
user should be careful to clear the BF bit
in the ISR before the next receive
sequence in order to prevent an overflow
condition.

17.4.4.2 Clock Stretching for 10-Bit Slave
Receive Mode (SEN = 1)

In 10-Bit Slave Receive mode during the address
sequence, clock stretching automatically takes place
but CKP is not cleared. During this time, if the UA bit is
set after the ninth clock, clock stretching is initiated.
The UA bit is set after receiving the upper byte of the
10-bit address and following the receive of the second
byte of the 10-bit address with the R/W bit cleared to
‘0. The release of the clock line occurs upon updating
SSPADD. Clock stretching will occur on each data
receive sequence as described in 7-bit mode.

Note: If the user polls the UA bit and clears it by
updating the SSPADD register before the
falling edge of the ninth clock occurs and if
the user hasn’t cleared the BF bit by read-
ing the SSPBUF register before that time,
then the CKP bit will still NOT be asserted
low. Clock stretching on the basis of the
state of the BF bit only occurs during a
data sequence, not an address sequence.

17.4.4.3  Clock Stretching for 7-Bit Slave
Transmit Mode

7-Bit Slave Transmit mode implements clock stretch-
ing by clearing the CKP bit after the falling edge of the
ninth clock if the BF bit is clear. This occurs regardless
of the state of the SEN bit.

The user’s ISR must set the CKP bit before transmis-
sion is allowed to continue. By holding the SCL line
low, the user has time to service the ISR and load the
contents of the SSPBUF before the master device can
initiate another transmit sequence (see Figure 17-9).

Note 1: If the user loads the contents of SSPBUF,
setting the BF bit before the falling edge of
the ninth clock, the CKP bit will not be
cleared and clock stretching will not occur.

2: The CKP bit can be set in software
regardless of the state of the BF bit.

17.4.4.4  Clock Stretching for 10-Bit Slave
Transmit Mode

In 10-Bit Slave Transmit mode, clock stretching is
controlled during the first two address sequences by
the state of the UA bit, just as it is in 10-Bit Slave
Receive mode. The first two addresses are followed
by a third address sequence which contains the high-
order bits of the 10-bit address and the R/W bit set to
‘1’. After the third address sequence is performed, the
UA bit is not set, the module is now configured in
Transmit mode and clock stretching is controlled by
the BF flag as in 7-Bit Slave Transmit mode (see
Figure 17-11).

DS39761C-page 208
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FIGURE 18-4: ASYNCHRONOUS TRANSMISSION
Write to TXREG I ¢
BRG Output Word 1
utpu '
(Shift Clock) —1 =11 ' ' T 1 1
T . ' :
(pin) N Startbit < bit0 bit 1 ><:55 X bit7/8/Stop bit
TXIF bit Lo Word 1 I
(Transmit Buffer —-' <1Tcy cC X
Reg. Empty Flag) |_| 5P
. Word 1 —
TRMT bit . .
(Transmit Shift Transmit Shift Reg
Reg. Empty Flag) —| cc
JJ
FIGURE 18-5: ASYNCHRONOUS TRANSMISSION (BACK-TO-BACK)
Write to TXREG I 1 cc
Word 1 Word 2 )J
BRG Output . X
(Shift Clock) _ 1 1 . ! 1 : | 1 [ [ jg_l 1 1 1 1
T N " )
(pin) N\ Startbit < bit0 bitt X §§— X bit7/8 stopbit \Startbit bito
TXIFbit 1 TOY = = e Word 1 : Word 2
(Interrupt Reg. Flag) L L C
T - 1< 1Tcy JJ
Word 1 —— Word2 —»
TRMT bit Transmit Shift Reg. Transmit Shift Reg.
(Transmit Shift
Reg. Empty Flag) CC
D)
Note: This timing diagram shows two consecutive transmissions.

TABLE 18-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
INTCON GIE/GIEH | PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 51
PIR1 PsPIF(™M ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 54
PIE1 psPIE( ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 54
IPR1 pspPIp() ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 54
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 53
TXREG EUSART Transmit Register 53
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 53
BAUDCON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 53
SPBRGH EUSART Baud Rate Generator Register High Byte 53
SPBRG EUSART Baud Rate Generator Register Low Byte 53
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.

Note 1: Reserved in PIC18F2682/2685 devices; always maintain these bits clear.
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EUSART SYNCHRONOUS SLAVE
RECEPTION

The operation of the Synchronous Master and Slave
modes is identical, except in the case of Sleep or any
Idle mode, and bit SREN, which is a “don’t care” in
Slave mode.

18.4.2

If receive is enabled by setting the CREN bit prior to
entering Sleep or any Idle mode, then a word may be
received while in this low-power mode. Once the word
is received, the RSR register will transfer the data to the
RCREG register; if the RCIE enable bit is set, the inter-
rupt generated will wake the chip from the low-power
mode. If the global interrupt is enabled, the program will
branch to the interrupt vector.

To set up a Synchronous Slave Reception:

1.

ok own

Enable the synchronous master serial port by
setting bits SYNC and SPEN and clearing bit
CSRC.

If interrupts are desired, set enable bit RCIE.

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

To enable reception, set enable bit CREN.

Flag bit RCIF will be set when reception is
complete. An interrupt will be generated if
enable bit RCIE was set.

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

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

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

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

TABLE 18-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page

INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 51
PIR1 PSPIF(™ ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 54
PIE1 pPsPIE( ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 54
IPR1 pspPIp() ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 54
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 53
RCREG EUSART Receive Register 53
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 53
BAUDCON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 53
SPBRGH EUSART Baud Rate Generator Register High Byte 53
SPBRG EUSART Baud Rate Generator Register Low Byte 53
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous slave reception.
Note 1: Reserved in PIC18F2682/2685 devices; always maintain these bits clear.
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FIGURE 20-3:
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To RE1 or

x
w
-
Port pins o .}
5 )
)
=

RE2 pin

CxINV

D Q Bus
Data

Read CMCON —l><:

CMIF

Reset

bit
EN CL
From
other

Comparator

20.6 Comparator Interrupts

The comparator interrupt flag is set whenever there is
a change in the output value of either comparator.
Software will need to maintain information about the
status of the output bits, as read from CMCON<7:6>, to
determine the actual change that occurred. The CMIF
bit (PIR2<6>) is the Comparator Interrupt Flag. The
CMIF bit must be reset by clearing it. Since it is also
possible to write a ‘1’ to this register, a simulated
interrupt may be initiated.

Both the CMIE bit (PIE2<6>) and the PEIE bit
(INTCON<6>) must be set to enable the interrupt. In
addition, the GIE bit (INTCON<7>) must also be set. If
any of these bits are clear, the interrupt is not enabled,
though the CMIF bit will still be set if an interrupt
condition occurs.

Note: If a change in the CMCON register
(C10UT or C20UT) should occur when a
read operation is being executed (start of
the Q2 cycle), then the CMIF (PIR
registers) interrupt flag may not get set.

The user, in the Interrupt Service Routine, can clear the
interrupt in the following manner:

a) Any read or write of CMCON will end the
mismatch condition.

b) Clear flag bit CMIF.

A mismatch condition will continue to set flag bit CMIF.

Reading CMCON will end the mismatch condition and
allow flag bit CMIF to be cleared.

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
comparator specifications. To minimize power
consumption while in Sleep mode, turn off the
comparators (CM2:CMO0 = 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 Com-
parator Reset mode (CM2:CMO = 000). This ensures
that all potential inputs are analog inputs. Device
current is minimized when analog inputs are present at
Reset time. The comparators are powered down during
the Reset interval.
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242 Watchdog Timer (WDT)

For PIC18F2682/2685/4682/4685 devices, the WDT is
driven by the INTRC source. When the WDT is
enabled, the clock source is also enabled. The nominal
WDT period is 4 ms and has the same stability as the
INTRC oscillator.

The 4 ms period of the WDT is multiplied by a 16-bit
postscaler. Any output of the WDT postscaler is
selected by a multiplexer, controlled by bits in Configu-
ration Register 2H. Available periods range from 4 ms
to 131.072 seconds (2.18 minutes). The WDT and
postscaler are cleared when any of the following events
occur: a SLEEP or CLRWDT instruction is executed, the
IRCF bits (OSCCON<6:4>) are changed or a clock
failure has occurred.

Note 1: The CLRWDT and SLEEP instructions
clear the WDT and postscaler counts
when executed.

2: Changing the setting of the IRCF bits
(OSCCON<6:4>) clears the WDT and
postscaler counts.

3: When a CLRWDT instruction is executed,
the postscaler count will be cleared.

2421 CONTROL REGISTER

Register 24-14 shows the WDTCON register. This is a
readable and writable register which contains a control
bit that allows software to override the WDT enable
Configuration bit, but only if the Configuration bit has
disabled the WDT.

FIGURE 24-1: WDT BLOCK DIAGRAM
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25141 STANDARD INSTRUCTION SET
ADDLW ADD Literal to W ADDWF ADD W to f
Syntax: ADDLW  k Syntax: ADDWF  f{d{,a}}
Operands: 0<k<255 Operands: 0<f<255
Operation: W)+k->W del[01]
a e [0,1]
Status Affected: N, 0V, C,DC, Z )
Operation: (W) + (f) > dest
Encoding: ‘ 0000 | 1111 ‘ kkkk | kkkk ‘
Status Affected: N, OV, C,DC, Z
Description: The contents of W are added to the Encoding:
8-bit literal 'k’ and the result is placed ncoding: ‘ 0010 | 0lda ‘ £fef | £fef ‘
in W. Description: Add W to register ‘. If ‘d’ is ‘0’, the
Words: 1 result ?s stored in W..If ‘o’ i§ ‘1, the
result is stored back in register ‘f
Cycles: 1 (default).
Q Cycle Activity: If ‘a’ is ‘0, the Access Bank is selected.
Q1 Q2 Q3 Q4 If ‘a’is ‘1’, the BSR is used to select the
Decode Read Process Write to W GPR b?n’k (default). ) )
literal ‘K’ Data If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
Example: ADDLW  15h mode whenever f <95 (5Fh). See
) Section 25.2.3 “Byte-Oriented and
Before Instruction Bit-Oriented Instructions in Indexed
W 10h Literal Offset Mode” for details.
After Instruction
W = 25h Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: ADDWF REG, 0, 0
Before Instruction
W = 17h
REG = 0C2h
After Instruction
w = 0D%Sh
REG = 0C2h

Note:  All PIC18 instructions may take an optional label argument preceding the instruction mnemonic for use in
symbolic addressing. If a label is used, the instruction format then becomes: {label} instruction argument(s).

© 2009 Microchip Technology Inc.
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Bz Branch if Zero CALL Subroutine Call
Syntax: BZ n Syntax: CALL k{,s}
Operands: -128 <n <127 Operands: 0 <k <1048575
Operation: if Zero bit is ‘1’ se[01]
(PC)+2+2n—>PC Operation: (PC)+4 > TOS,
Status Affected: None :; :_PICQO: 1>
Encoding: ‘ 1110 | 0000 ‘ nnnn | nnnn ‘ (W) —)\NS,
Description: If the Zero bit is ‘1°, then the program (STATUS) — STATUSS,
will branch. (BSR) — BSRS
The 2’s complement number ‘2n’ is Status Affected: None
_added to the PC. Since the PC will have Encoding:
incremented to fetch the next )
instruction, the new address will be 1st word (k<7:0>) L110 | 110s | kokkk | kkkkg
PC + 2 + 2n. This instruction is then a 2nd word(k<19:8>) L1111 | kyokkk | kkkk | kkkkg
two-cycle instruction. Description: Subroutine call of entire 2-Mbyte
Words: 1 memory range. First, return address
) (PC + 4) is pushed onto the return
Cycles: 1) stack. If ‘s’ = 1, the W, STATUS and
Q Cycle Activity: BSR registers are also pushed into their
If Jump: respective shadow registers, WS,
Q1 Q2 Q3 Q4 STATUSS and BSRS. If 's’ = 0, no
Decod Read literal P Wi PC update occurs (default). Then, the
ecode | Read litera rocess rite to 20-bit value ‘K’ is loaded into PC<20:1>.
n Data CALL is a two-cycle instruction.
No No No No Words: 9
operation operation operation operation ords:
If No Jump: Cycles: 2
Q1 Q2 Q3 Q4 Q Cycle Activity:
Decode Read literal Process No Q1 Q2 Q3 Q4
n Data operation Decode | Read literal | Push PCto |Read literal
‘k'<7:0>, stack ‘k’<19:8>,
Example: HERE BZ  Jump Write to PC
Before Instruction No. No‘ No‘ No.
PC - address (HERE) operation operation operation operation
After Instruction
If Zero = ; Example: HERE CALL THERE, 1
PC = address (Jump) _
If Zero = 0 Before Instruction
PC = address (HERE + 2) PC = address (HERE)
After Instruction
PC = address (THERE)
TOS = address (HERE + 4)
WS = W
BSRS = BSR
STATUSS=  STATUS
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27.3 DC Characteristics: PIC18F2682/2685/4682/4685 (Industrial)
PIC18LF2682/2685/4682/4685 (Industrial)
Standard Operating Conditions (unless otherwise stated
DC CHARACTERISTICS Operating terr)nperatt?re -40°C < T/-\(S +85°C for industrial )
Pilrgm Symbol Characteristic Min Max Units Conditions
VIL Input Low Voltage
1/0 ports:
D030 with TTL buffer Vss 0.15VbD V |VDD < 4.5V
DO030A — 0.8 V |45V <VDD<5.5V
D031 with Schmitt Trigger buffer Vss 0.2 VbD \Y,
DO031A RC3 and RC4 Vss 0.3 VbD V  |I)C™ enabled
D031B Vss 0.8 V |SMBus enabled
D032 MCLR Vss 02Vop | V
D033 0OSC1 Vss 0.3 VbD V  |HS, HSPLL modes
D033A OSCH1 Vss 0.2 VbD V  |RC, EC modes("
D033B OSscC1 Vss 0.3 V  [XT, LP modes
D034 T13CKI Vss 0.3 \Y
VIH Input High Voltage
1/0 ports:
D040 with TTL buffer 0.25 VoD + 0.8V VDD V |VDD < 4.5V
D040A 20 VDD V |45V <VDD<5.5V
D041 with Schmitt Trigger buffer 0.8 VbD VDD \Y
D041A RC3 and RC4 0.7 VDD VDD V  |I)C™ enabled
D041B 2.1 VDD V |SMBus enabled
D042 MCLR 0.8 VDD VDD %
D043 OSC1 0.7 VDD VDD V |HS, HSPLL modes
D043A OSscC1 0.8 VbD VDD V |EC mode
D043B 0SsC1 0.9 VbD VDD V  |RC mode("
D043C OSC1 1.6 VDD V | XT, LP modes
D044 T13CKI 1.6 VDD \Y
liL Input Leakage Current(®3)
D060 1/O ports — +1 pA |Vss <VPIN < VDD,
Pin at high-impedance
D061 MCLR — +5 pA |Vss <VPIN < VDD
D063 0OSC1 — +5 pA |Vss <VPIN < VDD
IPU Weak Pull-up Current
D070 |lPurB |PORTB weak pull-up current 50 400 pA | VDD =8V, VPIN = Vss
Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the
PIC® device be driven with an external clock while in RC mode.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

3: Negative current is defined as current sourced by the pin.

4: Parameter is characterized but not tested.
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FIGURE 27-10: CAPTURE/COMPARE/PWM TIMINGS (ALL CCP MODULES)
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Note: Refer to Figure 27-4 for load conditions.

TABLE 27-12: CAPTURE/COMPARE/PWM REQUIREMENTS (ALL CCP MODULES)

P:r:m Sym Characteristic Min Max Units Conditions
50 TccL |CCPx Input Low |No prescaler 0.5Tcy + 20 — ns
Time With prescaler |PIC18FXXXX 10 — ns
PIC18LFXXXX 20 — ns |VDD=2.0V
51 TccH |CCPxInputHigh [No prescaler 0.5Tcy + 20 — ns
Time With prescaler |PIC18FXXXX 10 — ns
PIC18LFXXXX 20 — ns |VDD=2.0V
52 TccP |CCPx Input Period 3 Tcy +40 — ns |N = prescale
N value (1, 4 or 16)
53 TccR |CCPx Output Fall Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD =2.0V
54 TccF |CCPx Output Fall Time PIC18FXXXX — 25 ns
PIC18LFXXXX — 45 ns |VDD =2.0V
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NOTES:
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APPENDIX A: REVISION HISTORY

Revision A (February 2006)
Original data sheet for PIC18F2682/2685/4682/4685

devices.

Revision B (January 2007)

Major edits to Section 27.0 “Electrical Characteristics”.
Packaging diagrams have been updated and minor edits

to text have been made throughout document.

Revision C (October 2009)

Updated to remove Preliminary status.

APPENDIX B: DEVICE

DIFFERENCES

The differences between the devices listed in this data
sheet are shown in Table B-1.

TABLE B-1: DEVICE DIFFERENCES

Features PIC18F2682 PIC18F2685 PIC18F4682 PIC18F4685
Program Memory (Bytes) 80K 96K 80K 96K
Program Memory (Instructions) 40960 49152 40960 49152
Interrupt Sources 27 27 28 28

1/0O Ports

Ports A, B, C, (E)

Ports A, B, C, (E)

Ports A,B,C,D, E

Ports A,B,C,D, E

Communications (PSP)

Capture/Compare/PWM Modules 1 1 1 1
Enhanced Capture/Compare/ 0 0 1 1
PWM Modules

Parallel Slave Port No No Yes Yes

10-Bit Analog-to-Digital Module

8 input channels

8 input channels

11 input channels

11 input channels

Packages

28-pin PDIP
28-pin SOIC

28-pin PDIP
28-pin SOIC

40-pin PDIP
44-pin TQFP
44-pin QFN

40-pin PDIP
44-pin TQFP
44-pin QFN
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Enhanced Capture/Compare/PWM (ECCP1) .......c......... 175
Associated Registers .........ccoocveoiiiiiiieniinneeieee 188
Capture and Compare Modes .........ccccceveeeeevvcivennnns 176
Capture Mode. See Capture (ECCP1 Module).

Outputs and Configuration ............cccocceeviiniinniennn. 176
Pin Configurations for ECCP1 .......ccccoiiiiieiiieeene 176
PWM Mode. See PWM (ECCP1 Module).

Standard PWM Mode .......ccccoeiiiiiiiieieee e 176
Timer RESOUICES .....cccccuviiiiiieiiieic e 176

Enhanced Universal Synchronous Receiver Transmitter (EU-
SART). See EUSART.

Equations
A/D Acquisition TiMe .......cccceeceiiiiinieiiie s 254
A/D Minimum Charging Time .......c.cccovcueeviinieniienns 254
Calculating the Minimum Required A/D Acquisition Time
.......................................................................... 254
Errata ..o 7
Error Recognition Mode ..........cccoeoiieiiiiiiiiniiinee e 327
EUSART
Asynchronous Mode ..........cccceeviiiieinieniieieenees

Associated Registers, Receive ..
Associated Registers, Transmit
Auto-Wake-up on Sync Break Character ......... 242
Break Character Sequence ............ccccccuue. ...243

Receiver ........ccoooviiiiiniiiine ..240
Receiving a Break Character ............cccceceenes 243
Setting Up 9-Bit Mode with

Address Detect ........cccevveeiiiiiiiiiiiies

Transmitter ...........c.......
Baud Rate Generator (BRG) .
Associated Registers .... .
Auto-Baud Rate Detect ..........ccoceeciiriinnienennn.
Baud Rate Error, Calculating ...........ccccceveeennee
Baud Rates, Asynchronous Modes ...
High Baud Rate Select (BRGH Bit)
Operation in Power-Managed Modes .............. 233
SamPliNG ..oooiiiiieie
Synchronous Master Mode ..........cccccceeiiiniinnnenenen.
Associated Registers, Receive ..
Associated Registers, Transmit
Reception ........cooiiiiiini e
Transmission ..............
Synchronous Slave Mode ..................
Associated Registers, Receive .. .
Associated Registers, Transmit ...............c....... 247
Reception ..o 248
TranSMISSION .......eeieiiieiiiee e 247
Extended Instruction Set
ADDFSR ..ot 408

SUBFSR ..o 411
SUBULNK ... 411

External CloCK INPUL .......ooiiiiiiiiie e 26

F

Fail-Safe Clock Monitor ..............cccceviiiiiiiiiinee 345, 358
Exiting Operation .........c.ccocveiiininniieic e 358
Interrupts in Power-Managed Modes .............c......... 359
POR or Wake-up from Sleep ......ccccceveveveviiiineenennn. 359
Watchdog Timer (WDT) ..ccoooooiiiiiiiiieiiecieeieeeeees 358

Fast Register Stack ........ccocveiiiiiiiiine e
Firmware InStructions ...........cccooiiiiiiii e
Flash Program Memory
Associated Registers ...........cccocieiiiniinniiiieenee, 105
Control Registers
EECONT1 .......
EECON?2 ....
TABLAT e
TABLAT (Table Latch) Register ............cc...... 100
TBLPTR o 98
TBLPTR (Table Pointer) Register .. ..100
Erase Sequence .......ccccccceveeeiiiiciiieneeeens .. 102
Erasing .....ccocevviiniinneeeen .. 102
Operation During Code-Protect ..........ccccoccoeeeneennn. 105
Reading ...c.eeiiiiiiie e 101
Table Pointer
Boundaries Based on Operation ..................... 100
Table Pointer Boundaries ..........cccccocevvieieninecennnen. 100
Table Pointer Operations (table) ..........cccccooueeveenee. 100
Table Reads and Table Writes ...........cccccceeviieieennen. 97
Write Sequence .
Write VErify ..o
WIHING oo e
Protection Against Spurious Writes .. .
Unexpected Termination ...........ccccccevviernnennn.
FSCM. See Fail-Safe Clock Monitor.
G
GOTO e et 386
H
Hardware MUItiplier .........ccccovieiiiiiiiee e 113
INtroduction .........ccoiiii e 113
OPEration .......cccueieiiieiiieie e e 113
Performance Comparison .. . 113
High/Low-Voltage Detect ..... .. 269
Associated Registers ... .. 273
Characteristics .......ccoocvveiiiiiii 434
Current Consumption .........c.cceveeeiieneencieeieeseee e 271
Effects of a Reset ........ .. 273
Operation .......cccceeevveenen. .. 270
Operation During Sleep .. .
SEIUP i
Start-up TIME ..oooeeiiee e
Typical Application .
HLVD. See High/Low-Voltage Detect. ..........ccccoovernunnne. 269
|
/O POMS .ot 131
12C Mode (MSSP)
Acknowledge Sequence Timing ........cccccceenieeneeennen. 222
Baud Rate Generator ............cccociiinieiiniiie e 215
Bus Collision
During a Repeated Start Condition .................. 226
During a Start Condition ..........ccccevviiiiienncenne. 224
During a Stop Condition ........ccccceeeeiiieeiiiieene 227
Clock Arbitration ..........coccoeeiiiiieiiieeeeee e 216
Clock Stretching .
10-Bit Slave Receive Mode (SEN = 1) ............ 208
10-Bit Slave Transmit Mode ...........cccccueeeneen. 208
7-Bit Slave Receive Mode (SEN =1) .. .. 208
7-Bit Slave Transmit Mode ............... .. 208
Clock Synchronization and the CKP Bit .... .. 209
Effect of a Reset .....coooiiiiiiii e 223
General Call Address Support .......ccccceeeeeeeviciieennnnn. 212
12C Clock Rate W/BRG .........ooevereeeereeeeeiees 215
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