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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

PIC

8-Bit

40MHz

CANbus, I2C, SPI, UART/USART
Brown-out Detect/Reset, HLVD, POR, PWM, WDT
25

16KB (8K x 16)

FLASH

256 x 8

768 x 8

2V ~ 5.5V

A/D 8x10b

Internal

-40°C ~ 85°C (TA)

Through Hole

28-DIP (0.300", 7.62mm)
28-SPDIP
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PIC18F2480/2580/4480/4580

Pin Diagrams (Continued)
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Note 1: Forthe QFN package, it is recommended that the bottom pad be connected to Vss.
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443 RC_IDLE MODE

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

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

If the IRCF bits are set to any non-zero value or the
INTSRC bit is set, the INTOSC output is enabled. The
IOFS bit becomes set, after the INTOSC output
becomes stable, after an interval of TIOBST
(parameter 39, Table 28-10). Clocks to the peripherals
continue while the INTOSC source stabilizes. If the
IRCF bits were previously at a non-zero value, or
INTSRC was set before the SLEEP instruction was
executed and the INTOSC source was already stable,
the IOFS bit will remain set. If the IRCF bits and
INTSRC are all clear, the INTOSC output will not be
enabled, the IOFS bit will remain clear and there will be
no indication of the current clock source.

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

4.5 Exiting Idle and Sleep Modes

An exit from Sleep mode or any of the Idle modes is
triggered by an interrupt, a Reset or a WDT time-out.
This section discusses the triggers that cause exits
from power-managed modes. The clocking subsystem
actions are discussed in each of the power-managed
modes (see Section 4.2 “Run Modes”, Section 4.3
“Sleep Mode” and Section 4.4 “Idle Modes”).

4.5.1 EXIT BY INTERRUPT

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

On all exits from Idle or Sleep modes by interrupt, code
execution branches to the interrupt vector if the
GIE/GIEH bit (INTCON<7>) is set. Otherwise, code
execution continues or resumes without branching
(see Section 10.0 “Interrupts”).

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

452 EXIT BY WDT TIME-OUT

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

If the device is not executing code (all Idle modes and
Sleep mode), the time-out will result in an exit from the
power-managed mode (see Section4.2 “Run
Modes” and Section 4.3 “Sleep Mode”). If the device
is executing code (all Run modes), the time-out will
result in a WDT Reset (see Section 25.2 “Watchdog
Timer (WDT)”).

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

453 EXIT BY RESET

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

The exit delay time from Reset to the start of code
execution depends on both the clock sources before
and after the wake-up and the type of oscillator if the
new clock source is the primary clock. Exit delays are
summarized in Table 4-2.

Code execution can begin before the primary clock
becomes ready. If either the Two-Speed Start-up (see
Section 25.3 “Two-Speed Start-up”) or Fail-Safe
Clock Monitor (see Section 25.4 “Fail-Safe Clock
Monitor”) is enabled, the device may begin execution
as soon as the Reset source has cleared. Execution is
clocked by the INTOSC multiplexer driven by the
internal oscillator block. Execution is clocked by the
internal oscillator block until either the primary clock
becomes ready or a power-managed mode is entered
before the primary clock becomes ready; the primary
clock is then shut down.

© 2009 Microchip Technology Inc.

DS39637D-page 45



PIC18F2480/2580/4480/4580

FIGURE 6-6: DATA MEMORY MAP FOR PIC18F2580/4580 DEVICES
BSR<3:0> Data Memory Map When a = 0:
The BSR is ignored and the
- 0000 00h Access RAM 8222 Access Bank is used.
Bank0 | — — — — - 060h The first 128 bytes are
FFh GPR OFFh general purpose RAM
= 0001 00h 100h (from Bank 0).
» Bank 1 GPR The second 128 bytes are
FFh 1FFh Special Function Registers
=0010 00h 200h (from Bank 15).
Bank 2 GPR
FFh 2FFh When a = 1:
=0011 00h 300h The BSR specifies the Bank
Bank 3 GPR used by the instruction.
FFh 3FFh
— 00h 400h
= 0100 Bank 4 GPR
FFh 4FFh
=0101 00h 500h
Bank 5 GPR
FFh 5FFh
=0110 00h 600h
Bank 6
FFh 6FFh Access Bank
=0111 00h 700h 00h
Bank 7 Access RAM Low 5Fh
- 00h 800h SFRs
1000 Bank 8 (SFRs) FFh
FFh 8FFh
=1001 00h 900h
Bank 9 Unimplemented
FFh Read as ‘0’ 9FFh
= 00h AOOh
1010 Bank 10
FFh AFFh
= 00h BOOh
1011 Bank 11
FFh BFFh
- C00h
=1100 Bank 12 00h
FFh CFFh
- D0OOh
=1101
Bank 13 0| cAN SFRs
DFFh
FFh
=1110 00h EOOh
— Bank 14 CAN SFRs
FFh EFFh
—1111 00h | cANSFRs | E3ON
L " » Bank15 | — — — — o Faoh
FFh SFR FFFh
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TABLE 6-2: REGISTER FILE SUMMARY (PIC18F2480/2580/4480/4580) (CONTINUED)

File Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\ggeB%"R De:g:"
RXBOCON RXFUL RXM1 RXMo0™ —M RXRTRRO) | RXBODBEN™ | JTOFF(™ FILHITO™ |000- 0000| 59,293
Mode 0
RXBOCON RXFUL RXM1 RTRRO FILHIT4 FILHIT3 FILHIT2 FILHIT1 FILHITO  |0000 0000| 59,293
Mode 1, 2
RXB1D7 RXB1D77 | RXB1D76 | RXB1D75 | RXB1D74 | RXB1D73 | RXB1D72 RXB1D71 | RXBID70 |xxxx xxxx| 59,298
RXB1D6 RXB1D67 | RXB1D66 | RXB1D65 | RXB1D64 | RXB1D63 | RXB1D62 RXB1D61 | RXB1D60 |xxxx xxxx| 59,298
RXB1D5 RXB1D57 | RXB1D56 | RXB1D55 | RXB1D54 | RXB1D53 | RXB1D52 RXB1D51 | RXBID50 |xxxx xxxx| 59,298
RXB1D4 RXB1D47 | RXB1D46 | RXB1D45 | RXB1D44 | RXB1D43 | RXB1D42 RXB1D41 | RXB1D40 |xxxx xxxx| 59,298
RXB1D3 RXB1D37 | RXB1D36 | RXB1D35 | RXB1D34 | RXB1D33 | RXB1D32 RXB1D31 | RXB1D30 |xxxx xxxx| 59,298
RXB1D2 RXB1D27 | RXB1D26 | RXB1D25 | RXB1D24 | RXB1D23 | RXB1D22 RXB1D21 | RXB1D20 |xxxx xxxx| 59,298
RXB1D1 RXB1D17 | RXB1D16 | RXB1D15 | RXB1D14 | RXB1D13 | RXB1D12 RXB1D11 RXB1D10 |xxxx xxxx| 59,298
RXB1D0 RXB1D07 | RXB1D06 | RXB1D05 | RXB1D04 | RXB1D03 | RXB1D02 RXB1D01 | RXB1DO0 |xxxx xxxx| 59,298
RXB1DLC — RXRTR RB1 RBO DLC3 DLC2 DLC1 DLCO -xxx xxxx| 59,298
RXB1EIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO xxxx xxxx| 59,297
RXB1EIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 xxxx xxxx| 59,297
RXB1SIDL SID2 SID1 SIDO SRR EXID — EID17 EID16  |xxxx xxxx| 59,297
RXB1SIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 xxxx xxxx| 60,296
RXB1CON RXFUL RXM1 Rxmo(™ —M |RXRTRROM |  FILHIT2 | FILHIT1® | FILHITO™ [000- 0000| 60,293
Mode 0
RXB1CON RXFUL RXM!1 RTRRO FILHIT4 FILHIT3 FILHIT2 FILHITA FILHITO |0000 0000| 60,293
Mode 1, 2
TXBOD7 TXBOD77 | TXBOD76 | TXBOD75 | TXBOD74 | TXBOD73 TXBOD72 TXBOD71 TXBOD70 |xxxx xxxx| 60,290
TXBOD6 TXBOD67 | TXBOD66 | TXBOD65 | TXBOD64 | TXBOD63 TXBOD62 TXBOD61 TXBODB0 |xxxx xxxx| 60,290
TXBOD5 TXBOD57 | TXBOD56 | TXBOD55 | TXBOD54 | TXBOD53 TXBOD52 TXBOD51 TXBOD50 |xxxx xxxx| 60,290
TXBOD4 TXBOD47 | TXBOD46 | TXBOD45 | TXBOD44 | TXBOD43 TXBOD42 TXBOD41 TXBOD40 |xxxx xxxx| 60,290
TXBOD3 TXBOD37 | TXBOD36 | TXBOD35 | TXBOD34 | TXBOD33 TXBOD32 TXBOD31 TXBOD30 |xxxx xxxx| 60,290
TXBOD2 TXBOD27 | TXBOD26 | TXBOD25 | TXBOD24 | TXBOD23 TXBOD22 TXBOD21 TXBOD20 |xxxx xxxx| 60,290
TXBOD1 TXBOD17 | TXBOD16 | TXBOD15 | TXBOD14 | TXBOD13 TXBOD12 TXBOD11 TXBOD10 |xxxx xxxx| 60,290
TXBODO TXBODO7 | TXBODO6 | TXBODO5 | TXBODO4 | TXBODO3 TXBODO02 TXBODO1 TXBODOO |xxxx xxxx| 60,290
TXBODLC — TXRTR — — DLC3 DLC2 DLC1 DLCO -x-- xxxx| 60,291
TXBOEIDL EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO xxxx xxxx| 60,290
TXBOEIDH EID15 EID14 EID13 EID12 EID11 EID10 EID9 EID8 xxxx xxxx| 60,289
TXBOSIDL SID2 SID1 SIDO — EXIDE — EID17 EID16  |xxx- x-xx| 60,289
TXBOSIDH SID10 SID9 SID8 SID7 SID6 SID5 SID4 SID3 xxxx xxxx| 60,289
TXBOCON TXBIF TXABT TXLARB | TXERR TXREQ — TXPRI1 TXPRIO  |0000 0-00| 60,288
TXB1D7 TXB1D77 | TXB1D76 | TXB1D75 | TXB1D74 | TXB1D73 TXB1D72 TXB1D71 TXB1D70 |xxxx xxxx| 60,290
TXB1D6 TXB1D67 | TXB1D66 | TXB1D65 | TXB1D64 | TXB1D63 TXB1D62 TXB1D61 TXB1DB0 |xxxx xxxx| 60,290
TXB1D5 TXB1D57 | TXB1D56 | TXB1D55 | TXB1D54 | TXB1D53 TXB1D52 TXB1D51 TXB1D50 |xxxx xxxx| 60,290
TXB1D4 TXB1D47 | TXB1D46 | TXB1D45 | TXB1D44 | TXB1D43 TXB1D42 TXB1D41 TXB1D40 |xxxx xxxx| 60,290
TXB1D3 TXB1D37 | TXB1D36 | TXB1D35 | TXB1D34 | TXB1D33 TXB1D32 TXB1D31 TXB1D30 |xxxx xxxx| 60,290
TXB1D2 TXB1D27 | TXB1D26 | TXB1D25 | TXB1D24 | TXB1D23 TXB1D22 TXB1D21 TXB1D20 |xxxx xxxx| 60,290

Legend: x =unknown, u = unchanged, - = unimplemented, g = value depends on condition
Note 1: Bit 21 of the PC is only available in Test mode and Serial Programming modes.
2: The SBOREN bit is only available when CONFIG2L<1:0> = 01; otherwise, it is disabled and reads as ‘0’. See Section 5.4 “Brown-out Reset (BOR)”.
3: These registers and/or bits are not implemented on PIC18F2X80 devices and are read as ‘0’. Reset values are shown for PIC18F4X80 devices;
individual unimplemented bits should be interpreted as ‘“—'.
4: The PLLEN bit is only available in specific oscillator configuration; otherwise, it is disabled and reads as ‘0’. See Section 3.6.4 “PLL in INTOSC
Modes”.
5: The RE3 bit is only available when Master Clear Reset is disabled (CONFIG3H<7> = 0); otherwise, RE3 reads as ‘0’. This bit is read-only.
6: RA6/RA7 and their associated latch and direction bits are individually configured as port pins based on various primary oscillator modes. When
disabled, these bits read as ‘0’.
7: CAN bits have multiple functions depending on the selected mode of the CAN module.
8: This register reads all ‘0’s until the ECAN™ technology is set up in Mode 1 or Mode 2.
9: These registers are available on PIC18F4X80 devices only.
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13.2 Timer1 16-Bit Read/Write Mode

Timer1 can be configured for 16-bit reads and writes
(see Figure 13-2). When the RD16 control bit
(T1CON<7>) is set, the address for TMR1H is mapped
to a buffer register for the high byte of Timer1. A read
from TMR1L will load the contents of the high byte of
Timer1 into the Timer1 High Byte Buffer register. This
provides the user with the ability to accurately read all
16 bits of Timer1 without having to determine whether
a read of the high byte, followed by a read of the low
byte, has become invalid due to a rollover between
reads.

A write to the high byte of Timer1 must also take place
through the TMR1H Buffer register. The Timer1 high
byte is updated with the contents of TMR1H when a
write occurs to TMR1L. This allows a user to write all
16 bits to both the high and low bytes of Timer1 at once.

The high byte of Timer1 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer1 High Byte Buffer register.
Writes to TMR1H do not clear the Timer1 prescaler.
The prescaler is only cleared on writes to TMR1L.

13.3 Timer1 Oscillator

An on-chip crystal oscillator circuit is incorporated
between pins, T10SI (input) and T10SO (amplifier
output). It is enabled by setting the Timer1 Oscillator
Enable bit, TTOSCEN (T1CON<3>). The oscillator is a
low-power circuit rated for 32 kHz crystals. It will
continue to run during all power-managed modes. The
circuit for a typical LP oscillator is shown in Figure 13-3.
Table 13-1 shows the capacitor selection for the Timer1
oscillator.

The user must provide a software time delay to ensure
proper start-up of the Timer1 oscillator.

FIGURE 13-3: EXTERNAL
COMPONENTS FOR THE
TIMER1 LP OSCILLATOR
C1
33 pF PIC18FXXXX
F—+—X{T108I
— XTAL
T 32.768 kHz
F—~— {11050
Cc2
33 pF
Note: See the Notes with Table 13-1 for additional
information about capacitor selection.

TABLE 13-1: CAPACITOR SELECTION FOR
THE TIMER OSCILLATOR(1-4)

Osc Type Freq C1 C2

LP 32 kHz 27 pF 27 pF

Note 1: Microchip suggests these values as a
starting point in validating the oscillator
circuit.

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

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

4: Capacitor values are for design guidance
only.

13.3.1 USING TIMER1 AS A CLOCK
SOURCE

The Timer1 oscillator is also available as a clock source
in power-managed modes. By setting the clock select
bits, SCS<1:0> (OSCCON<1:0>), to ‘01’, the device
switches to SEC_RUN mode; both the CPU and
peripherals are clocked from the Timer1 oscillator. If the
IDLEN bit (OSCCON<7>) is cleared and a SLEEP
instruction is executed, the device enters SEC_IDLE
mode. Additional details are available in Section 4.0
“Power-Managed Modes”.

Whenever the Timer1 oscillator is providing the clock
source, the Timer1 system clock status flag, TIRUN
(T1CON<6>), is set. This can be used to determine the
controller’s current clocking mode. It can also indicate
the clock source being currently used by the Fail-Safe
Clock Monitor. If the Clock Monitor is enabled and the
Timer1 oscillator fails while providing the clock, polling
the T1RUN bit will indicate whether the clock is being
provided by the Timer1 oscillator or another source.

13.3.2 LOW-POWER TIMER1 OPTION

The Timer1 oscillator can operate at two distinct levels
of power consumption based on device configuration.
When the LPT10SC Configuration bit is set, the Timer1
oscillator operates in a low-power mode. When
LPT10SC is not set, Timer1 operates at a higher power
level. Power consumption for a particular mode is rela-
tively constant, regardless of the device’s operating
mode. The default Timer1 configuration is the higher
power mode.

As the low-power Timer1 mode tends to be more
sensitive to interference, high noise environments may
cause some oscillator instability. The low-power option
is, therefore, best suited for low noise applications
where power conservation is an important design
consideration.

© 2009 Microchip Technology Inc.
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REGISTER 18-3: SSPSTAT: MSSP STATUS REGISTER (I’C™ MODE)

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE D/A PO | s [ RWRI [ ua BF
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 SMP: Slew Rate Control bit

In Master or Slave mode:
1 = Slew rate control disabled for Standard Speed mode (100 kHz and 1 MHz)
0 = Slew rate control enabled for High-Speed mode (400 kHz)

bit 6 CKE: SMBus Select bit

In Master or Slave mode:
1 = Enable SMBus specific inputs
0 = Disable SMBus specific inputs
bit 5 D/A: Data/Address bit
In Master mode:
Reserved.
In Slave mode:
1 = Indicates that the last byte received or transmitted was data
0 = Indicates that the last byte received or transmitted was address
bit 4 P: Stop bit(!
1 = Indicates that a Stop bit has been detected last
0 = Stop bit was not detected last
bit 3 S: Start bit(")
1 = Indicates that a Start bit has been detected last
0 = Start bit was not detected last
bit 2 RIW: Read/Write Information bit (I2C mode only)(2-3)
In Slave mode:
1 =Read
0 = Write
In Master mode:
1 = Transmit is in progress
0 = Transmit is not in progress
bit 1 UA: Update Address bit (10-Bit Slave mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated
bit 0 BF: Buffer Full Status bit
In Receive mode:
1 = Receive complete, SSPBUF is full
0 = Receive is not complete, SSPBUF is empty
In Transmit mode:

1 = Data transmit in progress (does not include the ACK and Stop bits), SSPBUF is full
0 = Data transmit complete (does not include the ACK and Stop bits), SSPBUF is empty

Note 1: This bit is cleared on Reset and when SSPEN is cleared.

2: This bit holds the R/W bit information following the last address match. This bit is only valid from the
address match to the next Start bit, Stop bit or not ACK bit.

3: ORing this bit with SEN, RSEN, PEN, RCEN or ACKEN will indicate if the MSSP is in Idle mode.
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18.4.9 I°C MASTER MODE REPEATED
START CONDITION TIMING

A Repeated Start condition occurs when the RSEN bit
(SSPCON2<1>) is programmed high and the 12C logic
module is in the Idle state. When the RSEN bit is set,
the SCL pin is asserted low. When the SCL pin is sam-
pled low, the Baud Rate Generator is loaded with the
contents of SSPADD<5:0> and begins counting. The
SDA pin is released (brought high) for one Baud Rate
Generator count (TBRG). When the Baud Rate Genera-
tor times out, and if SDA is sampled high, the SCL pin
will be deasserted (brought high). When SCL is sam-
pled high, the Baud Rate Generator is reloaded with
the contents of SSPADD<6:0> and begins counting.
SDA and SCL must be sampled high for one TBRG.
This action is then followed by assertion of the SDA pin
(SDA = 0) for one TBRG while SCL is high. Following
this, the RSEN bit (SSPCON2<1>) will be automatically
cleared and the Baud Rate Generator will not be
reloaded, leaving the SDA pin held low. As soon as a
Start condition is detected on the SDA and SCL pins,
the S bit (SSPSTAT<3>) will be set. The SSPIF bit will
not be set until the Baud Rate Generator has timed out.

FIGURE 18-20:

Note 1: If RSEN is programmed while any other
event is in progress, it will not take effect.

2: A bus collision during the Repeated Start
condition occurs if:

» SDA is sampled low when SCL goes
from low-to-high.

» SCL goes low before SDA is
asserted low. This may indicate that
another master is attempting to

transmit a data ‘1’.

Immediately following the SSPIF bit getting set, the user
may write the SSPBUF with the 7-bit address in 7-bit
mode, or the default first address in 10-bit mode. After
the first eight bits are transmitted and an ACK is
received, the user may then transmit an additional eight
bits of address (10-bit mode) or eight bits of data (7-bit
mode).

18.4.9.1 WCOL Status Flag

If the user writes the SSPBUF when a Repeated Start
sequence is in progress, the WCOL is set and the
contents of the buffer are unchanged (the write doesn’t
occur).

Note: Because queueing of events is not
allowed, writing of the lower 5 bits of
SSPCON2 is disabled until the Repeated
Start condition is complete.

REPEAT START CONDITION WAVEFORM

Write to SSPCON2

SDA

Falling edge of ninth clock,
end of XMITl

occurs here. z(D:ff L At completion of Start bit,
SDA =1, 71 hardware clears RSEN bit
SCL (no change). l and sets SSPIF

|

[+TBRG-*+TBRG —::I‘—TB|RG -
[N
[

l [+TBRG
sCL _ /—\—/_M

Set S (SSPSTAT<3>)

1st bit X

Write to SSPBUF occurs here

| [TBRG
L

Sr = Repeated Start
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FIGURE 18-27: BUS COLLISION DURING START CONDITION (SCL =0)
SDA=0,SCL=1
l+— TBRG —*¢— TBrRG —
SDA :
sCL Set SEN, enable Start N
sequence if SDA=1,SCL=1 >
v . scL=0before sDA=0,
bus collision occurs. Set BCLIF.
SEN
SCL = 0 before BRG time-out, _l
bus collision occurs. Set BCLIF.
BCLIF | _
Interrupt cleared
in software
s o ‘o
SSPIF O 0’
FIGURE 18-28: BRG RESET DUE TO SDA ARBITRATION DURING START CONDITION
SDA=0,SCL=1
l Set S l Set SSPIF
Less than TBRG —* — |
| '__|<—_j_ ‘TBRG—’I
SDA  SDA pulled low by other m:aster. | \I& | !
Reset BRG and assert SDA. | d | :
| ] \'
SCL : LS \
. | 1 SCL pulled low after BRG
SEN ‘ : time-out
Set SEN, enable START
sequence if SDA=1,SCL=1
BCLIF ) | ‘o
! |
! |
| |
S |
|
|
SSPIF 1
SDA=0,SCL=1, Interrupts cleared
set SSPIF — in software
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18.4.17.2 Bus Collision During a Repeated
Start Condition

During a Repeated Start condition, a bus collision
occurs if:

A low level is sampled on SDA when SCL goes
from a low level to a high level.

SCL goes low before SDA is asserted low, indi-
cating that another master is attempting to
transmit a data ‘1’.

a)

b)

When the user deasserts SDA and the pin is allowed to
float high, the BRG is loaded with SSPADD<6:0> and
counts down to 0. The SCL pin is then deasserted and
when sampled high, the SDA pin is sampled.

If SDA is low, a bus collision has occurred (i.e., another
master is attempting to transmit a data ‘0’, see
Figure 18-29). If SDA is sampled high, the BRG is
reloaded and begins counting. If SDA goes from high-to-
low before the BRG times out, no bus collision occurs
because no two masters can assert SDA at exactly the
same time.

If SCL goes from high-to-low before the BRG times out,
and SDA has not already been asserted, a bus collision
occurs. In this case, another master is attempting to
transmit a data ‘1’ during the Repeated Start condition,
see Figure 18-30.

If, at the end of the BRG time-out, both SCL and SDA
are still high, the SDA pin is driven low and the BRG is
reloaded and begins counting. At the end of the count
regardless of the status of the SCL pin, the SCL pin is
driven low and the Repeated Start condition is
complete.

FIGURE 18-29: BUS COLLISION DURING A REPEATED START CONDITION (CASE 1)
SDA
SCL T
Sample SDA when SCL goes high.
If SDA = 0, set BCLIF and release SDA and SCL.
RSEN |
BCLIF ‘
Cleared in software
S ‘o’
SSPIF ‘0’
FIGURE 18-30: BUS COLLISION DURING REPEATED START CONDITION (CASE 2)
i TBRG i TBRG i
SDA 7 e e e e e o
SCL /
SCL goes low before SDA,
BCLIF set BCLIF. Release SDA and SCL. |
Interrupt cleared
in software
RSEN |
s o
SSPIF

DS39637D-page 228

© 2009 Microchip Technology Inc.



PIC18F2480/2580/4480/4580

NOTES:
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24.0 ECAN MODULE

PIC18F2480/2580/4480/4580 devices contain an
Enhanced Controller Area Network (ECAN) module.
The ECAN module is fully backward compatible with
the CAN module available in PIC18CXX8 and
PIC18FXX8 devices.

The Controller Area Network (CAN) module is a serial
interface which is useful for communicating with other
peripherals or microcontroller devices. This interface,
or protocol, was designed to allow communications
within noisy environments.

The ECAN module is a communication controller, imple-
menting the CAN 2.0A or B protocol as defined in the
BOSCH specification. The module will support CAN 1.2,
CAN 2.0A, CAN 2.0B Passive and CAN 2.0B Active
versions of the protocol. The module implementation is
a full CAN system; however, the CAN specification is not
covered within this data sheet. Refer to the BOSCH CAN
specification for further details.

The module features are as follows:

* Implementation of the CAN protocol, CAN 1.2,
CAN 2.0A and CAN 2.0B

» DeviceNet™ data bytes filter support

» Standard and extended data frames

« 0-8 bytes data length

* Programmable bit rate up to 1 Mbit/sec

* Fully backward compatible with the PIC18XXX8
CAN module

» Three modes of operation:
- Mode 0 — Legacy mode
- Mode 1 — Enhanced Legacy mode with

DeviceNet support

- Mode 2 - FIFO mode with DeviceNet support

» Support for remote frames with automated handling

» Double-buffered receiver with two prioritized
received message storage buffers

» Six buffers programmable as RX and TX
message buffers

» 16 full (standard/extended identifier) acceptance
filters that can be linked to one of four masks

» Two full acceptance filter masks that can be
assigned to any filter

» One full acceptance filter that can be used as either
an acceptance filter or acceptance filter mask

» Three dedicated transmit buffers with application
specified prioritization and abort capability

* Programmable wake-up functionality with
integrated low-pass filter

* Programmable Loopback mode supports self-test
operation

» Signaling via interrupt capabilities for all CAN
receiver and transmitter error states

* Programmable clock source

* Programmable link to timer module for
time-stamping and network synchronization

» Low-power Sleep mode

24.1 Module Overview

The CAN bus module consists of a protocol engine and
message buffering and control. The CAN protocol
engine automatically handles all functions for receiving
and transmitting messages on the CAN bus. Messages
are transmitted by first loading the appropriate data
registers. Status and errors can be checked by reading
the appropriate registers. Any message detected on
the CAN bus is checked for errors and then matched
against filters to see if it should be received and stored
in one of the two receive registers.

The CAN module supports the following frame types:

» Standard Data Frame

» Extended Data Frame

* Remote Frame

* Error Frame

» Overload Frame Reception

The CAN module uses the RB2/CANTX and RB3/
CANRX pins to interface with the CAN bus. In normal
mode, the CAN module automatically overrides

TRISB<2>. The user must ensure that TRISB<3> is
set.

2411 MODULE FUNCTIONALITY

The CAN bus module consists of a protocol engine,
message buffering and control (see Figure 24-1). The
protocol engine can best be understood by defining the
types of data frames to be transmitted and received by
the module.

The following sequence illustrates the necessary initial-
ization steps before the ECAN module can be used to
transmit or receive a message. Steps can be added or
removed depending on the requirements of the
application.

1. Initial LAT and TRIS bits for RX and TX CAN.

2. Ensure that the ECAN module is in Configuration
mode.

Select ECAN Operational mode.
Set up the Baud Rate registers.
Set up the Filter and Mask registers.

Set the ECAN module to normal mode or any
other mode required by the application logic.

o 0w
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EXAMPLE 24-1: CHANGING TO CONFIGURATION MODE

; Request Configuration mode.

MOVLW B’10000000” ; Set to Configuration Mode.

MOVWE CANCON

; A request to switch to Configuration mode may not be immediately honored.

; Module will wait for CAN bus to be idle before switching to Configuration Mode.

; Request for other modes such as Loopback, Disable etc. may be honored immediately.
; It is always good practice to wait and verify before continuing.

ConfigWait:
MOVF CANSTAT, W ; Read current mode state.
ANDLW B’10000000” ; Interested in OPMODE bits only.
TSTFSZ WREG ; Is it Configuration mode yet?
BRA ConfigWait ; No. Continue to wait...

; Module is in Configuration mode now.
; Modify configuration registers as required.
; Switch back to Normal mode to be able to communicate.

EXAMPLE 24-2: WIN AND ICODE BITS USAGE IN INTERRUPT SERVICE ROUTINE TO ACCESS
TX/RX BUFFERS

; Save application required context.
; Poll interrupt flags and determine source of interrupt
; This was found to be CAN interrupt
; TempCANCON and TempCANSTAT are variables defined in Access Bank low
MOVFF CANCON, TempCANCON ; Save CANCON.WIN bits
; This is required to prevent CANCON
; from corrupting CAN buffer access
; in-progress while this interrupt
; occurred
MOVFF CANSTAT, TempCANSTAT ; Save CANSTAT register
; This is required to make sure that
; we use same CANSTAT value rather
; than one changed by another CAN

; interrupt.
MOVF TempCANSTAT, W ; Retrieve ICODE bits
ANDLW B’00001110'
ADDWF PCL, F ; Perform computed GOTO
; to corresponding interrupt cause
BRA NoInterrupt ; 000 = No interrupt
BRA ErrorInterrupt ; 001 = Error interrupt
BRA TXB2Interrupt ; 010 = TXB2 interrupt
BRA TXBlInterrupt ; 011 = TXB1 interrupt
BRA TXBOInterrupt ; 100 = TXBO interrupt
BRA RXBlInterrupt ; 101 = RXB1l interrupt
BRA RXBOInterrupt ; 110 = RXBO interrupt
; 111 = Wake-up on interrupt
WakeupInterrupt
BCF PIR3, WAKIF ; Clear the interrupt flag

’

; User code to handle wake-up procedure

; Continue checking for other interrupt source or return from here

NoInterrupt
; PC should never vector here. User may
; place a trap such as infinite loop or pin/port
; indication to catch this error.
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REGISTER 24-6: TXBnSIDH: TRANSMIT BUFFER n STANDARD IDENTIFIER REGISTERS,
HIGH BYTE[0 <n < 2]

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
SID10 sib9 | sp8 | sip7 SID6 SID5 SID4 SID3
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 7-0 SID<10:3>: Standard Identifier bits (if EXIDE (TXBnSIDL<3>) = 0)

Extended Identifier bits EID<28:21> (if EXIDE = 1).

REGISTER 24-7: TXBnSIDL: TRANSMIT BUFFER n STANDARD IDENTIFIER REGISTERS,
LOW BYTE [0 < n < 2]

R/W-x R/W-x R/W-x u-0 R/W-x uU-0 R/W-x R/W-x
SID2 SID1 ‘ SIDO | — EXIDE — EID17 EID16
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 7-5 SID<2:0>: Standard Identifier bits (if EXIDE (TXBnSIDL<3>) = 0)
Extended Identifier bits EID<20:18> (if EXIDE = 1).
bit 4 Unimplemented: Read as ‘0’
bit 3 EXIDE: Extended Identifier Enable bit

1 = Message will transmit extended ID, SID<10:0> become EID<28:18>
0 = Message will transmit standard ID, EID<17:0> are ignored

bit 2 Unimplemented: Read as ‘0’
bit 1-0 EID<17:16>: Extended Identifier bits

REGISTER 24-8: TXBnEIDH: TRANSMIT BUFFER n EXTENDED IDENTIFIER REGISTERS,
HIGH BYTE [0 <n < 2]

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x
EID15 EID14 ‘ EID13 | EID12 EID11 EID10 EID9 EID8
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 7-0 EID<15:8>: Extended Identifier bits (not used when transmitting standard identifier message)
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24.2.3.1 Programmable TX/RX and
Auto-RTR Buffers

The ECAN module contains 6 message buffers that can

be programmed

as transmit or receive buffers. Any of

these buffers can also be programmed to automatically
handle RTR messages.

| Note:  These registers are not used in Mode 0. |

REGISTER 24-22: BnCON: TX/RX BUFFER n CONTROL REGISTERS IN RECEIVE MODE

[0 <n <5, TXnEN (BSELO<n>) = 0](")

R/W-0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
RXFUL® | Rxm1 | RXRTRRO | FILHIT4 | FILHIT3 | FILHIT2 FILHIT1 FILHITO
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 RXFUL: Receive Full Status bit(?)
1 = Receive buffer contains a received message
0 = Receive buffer is open to receive a new message
bit 6 RXM1: Receive Buffer Mode bit
1 = Receive all messages including partial and invalid (acceptance filters are ignored)
0 = Receive all valid messages as per acceptance filters
bit 5 RXRTRRO: Read-Only Remote Transmission Request for Received Message bit
1 = Received message is a remote transmission request
0 = Received message is not a remote transmission request
bit 4-0 FILHIT<4:0>: Filter Hit bits

These bits indicate which acceptance filter enabled the last message reception into this buffer.

01111 = Acceptance Filter 15 (RXF15)
01110 = Acceptance Filter 14 (RXF14)

00001 = Acceptance Filter 1 (RXF1)
00000 = Acceptance Filter 0 (RXFO)

Note 1: These registers are available in Mode 1 and 2 only.

2: This

bit is set by the CAN module upon receiving a message and must be cleared by software after the

buffer is read. As long as RXFUL is set, no new message will be loaded and the buffer will be considered

full.
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2424 CAN BAUD RATE REGISTERS

This section describes the CAN Baud Rate registers.

Note: These registers are writable in
Configuration mode only.

REGISTER 24-52: BRGCON1: BAUD RATE CONTROL REGISTER 1

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
SJW1 SJWO0 BRP5 BRP4 BRP3 BRP2 BRP1 BRPO
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 SJW<1:0>: Synchronized Jump Width bits

11 = Synchronization jump width time =4 x TQ
10 = Synchronization jump width time = 3 x TQ
01 = Synchronization jump width time =2 x Ta
00 = Synchronization jump width time = 1 x TQ

bit 5-0 BRP<5:0>: Baud Rate Prescaler bits

111111 =TQ = (2 x 64)/Fosc
111110 =TQ = (2 x 63)/Fosc

000001 = TQ = (2 x 2)/FOSC
000000 = Ta = (2 x 1)/FOSC
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ANDWF AND W with f BC Branch if Carry
Syntax: ANDWF  f{d{,a}} Syntax: BC n
Operands: 0<f<255 Operands: -128 <n <127
de[0.1] Operation: if Carry bit is “1’,
a<[01] (PC) + 2+ 2n - PC
Operation: (W) .AND. (f) > dest Status Affected: None
Status Affected: N, Z Encoding: ‘ 1110 | 0010 ‘ nnnn | nnnn ‘
Encoding: ‘ 0001 | 0lda ‘ fref | fref ‘ Description: If the Carry bit is ‘1’, then the program
Description: The contents of W are AND’ed with will branch.
register ‘f.If'd"is ‘0’, the result is stored The 2's complement number ‘2n’ is
in W.If‘d’is ‘1’, the result is stored back added to the PC. Since the PC will have
in register f'. incremented to fetch the next
If ‘a’ is ‘0, the Access Bank is selected. instruction, the new address will be
If ‘a’is ‘'1’, the BSR is used to select the PC + 2 + 2n. This instruction is then a
GPR bank. two-cycle instruction.
If ‘@’ is ‘0’ and the extended instruction Words: 1
set is enabled, this instruction operates Cvles: 12
in Indexed Literal Offset Addressing ycles: @
mode whenever f < 95 (5Fh). See Q Cycle Activity:
Section 26.2.3 “Byte-Oriented and If Jump:
Bit-Oriented Instructions in Indexed
Q1 Q2 Q3 Q4
Literal Offset Mode” for details. - -
Decode Read literal Process Write to PC
Words: 1 n’ Data
Cycles: 1 No No No No
Q Cycle Activity: operation operation operation operation
Qi Q2 Q3 Q4 IfNo J“mg1 0 - o
Decode Read Process Write to -
register ‘F Data destination Decode Reaq |‘|tera| Process No.
n Data operation
Example: ANDWEF REG, 0, 0
=xample. Example: HERE BC 5
Before Instruction .
W - 17h Before Instruction
REG = C2h PC = address (HERE)
After Instruction After Instruction
W =  02h If Carry = 1;
REG = C2h PC = address (HERE + 12)
If Carry = ;
PC = address (HERE + 2)
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IORLW Inclusive OR Literal with W IORWF Inclusive OR W with f
Syntax: IORLW k Syntax: IORWF  f{d {,a}}
Operands: 0<k<255 Operands: 0<f<255
Operation: (W) .OR. k = W de[01]
ae[0,1]
Status Affected: N, Z .
Operation: (W) .OR. (f) - dest
Encoding: ‘ 0000 | 1001 ‘ kkkk | kkkk ‘
Status Affected: N, Z
Description: The contents of W are ORed with the E L
eight-bit literal ‘k’. The result is placed ncoding: ‘ 0001 | 00da ‘ £fff | £fff ‘
in W. Description: Inclusive OR W with register ‘f’. If ‘d’ is
Words: 1 ‘0’, the resylt is placed in.W. If.‘d’ is ‘1,
the result is placed back in register ‘f’.
Cycles: 1 If ‘a’ is ‘0, the Access Bank is selected.
Q Cycle Activity: If ‘a’is ‘1’, the BSR is used to select the
Q1 Q2 Q3 Q4 GPR bank.
Decode Read Process Write to W If ‘a’ is ‘0’ and the extended instruction
literal ‘K’ Data set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Example: IORLW 35h Section 26.2.3 “Byte-Oriented and
Before Instruction Bit-Oriented Instructions in Indexed
w = 9Ah Literal Offset Mode” for details.
After Instruction Words: 1
w = BFh
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: IORWF RESULT, 0, 1
Before Instruction
RESULT = 13h
w =  91h
After Instruction
RESULT = 13h
w = 93h
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SLEEP Enter Sleep mode
Syntax: SLEEP
Operands: None
Operation: 00h — WDT,
0 — WDT postscaler,
1-T0,
0—>PD
Status Affected: TO, PD
Encoding: ‘ 0000 | 0000 ‘ 0000 ‘ 0011 |
Description: The Power-Down Status bit (P_D) is_
cleared. The Time-out Status bit (TO)
is set. Watchdog Timer and its
postscaler are cleared.
The processor is put into Sleep mode
with the oscillator stopped.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No Process Go to
operation Data Sleep
Example: SLEEP
Before Instruction
0 = °
PD = ?
After Instruction
o = 1t
PD = 0

1 If WDT causes wak

e-up, this bit is cleared.

SUBFWB Subtract f from W with Borrow
Syntax: SUBFWB f{,d {a}}
Operands: 0 <f<255
d e [0,1]
a e [0,1]
Operation: (W) = (f) - (C) — dest
Status Affected: N, OV, C, DC, Z
Encoding: ‘ 0101 | 0lda | ffff ‘ ffff |
Description: Subtract register ‘f’ and Carry flag
(borrow) from W (2’s complement
method). If ‘d’ is ‘0’, the resultis stored
in W. If ‘'d’is ‘1’, the result is stored in
register ‘f’.
If‘a’is ‘0’, the Access Bank is selected.
If‘a’is ‘1, the BSR is used to select the
GPR bank.
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f < 95 (5Fh). See
Section 26.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example 1: SUBFWB REG, 1, 0
Before Instruction
REG = 3
w = 2
C = 1
After Instruction
REG = FF
w = 2
C = 0
Z = 0
N = 1 ;resultis negative
Example 2: SUBFWB REG, 0, 0
Before Instruction
REG = 2
w = 5
C = 1
After Instruction
REG = 2
w = 3
C = 1
Z = 0
N = 0 ;resultis positive
Example 3: SUBFWB REG, 1, O
Before Instruction
REG = 1
w = 2
C = 0
After Instruction
REG = 0
w = 2
C = 1
Z = 1 ;resultis zero
N = 0
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FIGURE 28-20: EUSART SYNCHRONOUS TRANSMISSION (MASTER/SLAVE) TIMING

RCOTXICK 72 R
Pin

e 121 e e 121 -
RC7/RX/DT N D
Pin : >{

— 120 | =— — -

122

TABLE 28-22: EUSART SYNCHRONOUS TRANSMISSION REQUIREMENTS

P:r;lm Symbol Characteristic Min Max Units | Conditions
120 TckH2DTV [SYNC XMIT (MASTER & SLAVE)
Clock High to Data Out Valid PIC18FXXXX — 40 ns
PIC18LFXXXX — 100 ns |VDD =2.0V
121 TCKRF Clock Out Rise Time and Fall Time |PIC18FXXXX — 20 ns
(Master mode) PIC18LFXXXX| — 50 ns |VDD = 2.0V
122 TDTRF Data Out Rise Time and Fall Time |PIC18FXXXX — 20 ns
PIC18LFXXXX — 50 ns |VDD=2.0V

FIGURE 28-21: EUSART SYNCHRONOUS RECEIVE (MASTER/SLAVE) TIMING

RCBITXICK /7 \_
Pin . 125 . .
RC7/RX/DT ' : '
Pin X ' j><

——126———>

Note: Refer to Figure 28-4 for load conditions.

TABLE 28-23: EUSART SYNCHRONOUS RECEIVE REQUIREMENTS

Param.

No Symbol Characteristic Min Max | Units Conditions
125 TpTV2CKL |SYNC RCV (MASTER & SLAVE)
Data Hold before CK | (DT hold time) 10 — ns
126 TckL2DTL |Data Hold after CK | (DT hold time) 15 — ns

© 2009 Microchip Technology Inc. DS39637D-page 455




PIC18F2480/2580/4480/4580

THE MICROCHIP WEB SITE

Microchip provides online support via our WWW site at
www.microchip.com. This web site is used as a means
to make files and information easily available to
customers. Accessible by using your favorite Internet
browser, the web site contains the following
information:

* Product Support — Data sheets and errata,
application notes and sample programs, design
resources, user’s guides and hardware support
documents, latest software releases and archived
software

» General Technical Support — Frequently Asked
Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant
program member listing

* Business of Microchip — Product selector and
ordering guides, latest Microchip press releases,
listing of seminars and events, listings of
Microchip sales offices, distributors and factory
representatives

CUSTOMER CHANGE NOTIFICATION
SERVICE

Microchip’s customer notification service helps keep
customers current on Microchip products. Subscribers
will receive e-mail notification whenever there are
changes, updates, revisions or errata related to a
specified product family or development tool of interest.

To register, access the Microchip web site at
www.microchip.com, click on Customer Change
Notification and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance
through several channels:

« Distributor or Representative

+ Local Sales Office

 Field Application Engineer (FAE)

+ Technical Support

» Development Systems Information Line

Customers  should contact their distributor,
representative or field application engineer (FAE) for
support. Local sales offices are also available to help

customers. A listing of sales offices and locations is
included in the back of this document.

Technical support is available through the web site
at: http://support.microchip.com
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