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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"
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36
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454 EXIT WITHOUT AN OSCILLATOR

START-UP DELAY

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

* PRI_IDLE mode where the primary clock source

is not stopped; and

« the primary clock source is not any of the LP, XT,

HS or HSPLL modes.

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

TABLE 4-2:  EXIT DELAY ON WAKE-UP BY RESET FROM SLEEP MODE OR ANY IDLE MODE
(BY CLOCK SOURCES)
Clock Source Clock Source Exit Dela Clock Ready Status
Before Wake-up After Wake-up y bit (OSCCON)
LP, XT, HS
o Device Clock HSPLL OSTS
rimary Device Cloc @
(PRI_IDLE mode) EC, RC Tesp
INTRC( —
INTOSC®) IOFS
LP, XT, HS TosTt4)
HSPLL TosT + t, 4 OSTS
T10SC or INTRC() EC,RC @
) Tcsb
INTRC! —
INTOSC®) TiosT(®) IOFS
LP, XT, HS TosT(®)
HSPLL TosT + 4 OSTS
INTOSC®) EC, RC @)
) Tcsb
INTRC _
INTOSC®) None IOFS
LP, XT, HS TosTt4)
HSPLL TosT + t, 4 OSTS
None EC RC
(Sleep mode) ’ Tcspt@
INTRC() _
INTOSC®) TiossT®) IOFS

Note 1:

In this instance, refers specifically to the 31 kHz INTRC clock source.

2: TcsD (parameter 38) is a required delay when waking from Sleep and all Idle modes and runs concurrently
with any other required delays (see Section 4.4 “Idle Modes”).

3: Includes both the INTOSC 8 MHz source and postscaler derived frequencies.
4: TosT is the Oscillator Start-up Timer (parameter 32). t,. is the PLL Lock-out Timer (parameter F12); it is

also designated as TPLL.

5: Execution continues during TIOBST (parameter 39), the INTOSC stabilization period.
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5.4 Brown-out Reset (BOR)

PIC18F2480/2580/4480/4580 devices implement a
BOR circuit that provides the user with a number of
configuration and power-saving options. The BOR is
controlled by the BORV<1:.0> and BOREN<1:0>
Configuration bits. There are a total of four BOR
configurations which are summarized in Table 5-1.

The BOR threshold is set by the BORV<1:0> bits. If
BOR is enabled (any values of BOREN<1:0>, except
‘00’), any drop of VDD below VBOR (parameter D005)
for greater than TBOR (parameter 35) will reset the
device. A Reset may or may not occur if VDD falls below
VBOR for less than TBOR. The chip will remain in
Brown-out Reset until VDD rises above VBOR.

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

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

5.4.1 SOFTWARE ENABLED BOR

When BOREN<1:0> = 01, the BOR can be enabled or
disabled by the user in software. This is done with the
control bit, SBOREN (RCON<6>). Setting SBOREN
enables the BOR to function as previously described.
Clearing SBOREN disables the BOR entirely. The
SBOREN bit operates only in this mode; otherwise it is
read as ‘0’.

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

Note: Even when BOR is under software control,
the Brown-out Reset voltage level is still
set by the BORV<1:0> Configuration bits.

It cannot be changed in software.

5.4.2 DETECTING BOR

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

5.4.3 DISABLING BOR IN SLEEP MODE

When BOREN<1:0> = 10, the BOR remains under
hardware control and operates as previously
described. Whenever the device enters Sleep mode,
however, the BOR is automatically disabled. When the
device returns to any other operating mode, BOR is
automatically re-enabled.

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

TABLE 5-1: BOR CONFIGURATIONS
BOR Configuration Status of
SBOREN BOR Operation

BOREN1 BORENO | (RCON<6>)

0 0 Unavailable |BOR disabled; must be enabled by reprogramming the Configuration bits.

0 1 Available BOR enabled in software; operation controlled by SBOREN.

1 0 Unavailable |BOR enabled in hardware in Run and Idle modes, disabled during Sleep
mode.

1 1 Unavailable |BOR enabled in hardware; must be disabled by reprogramming the

Configuration bits.
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TABLE 5-4: INITIALIZATION CONDITIONS FOR ALL REGISTERS (CONTINUED)

MCLR Resets,
Register Applicable Devices Power-on Reset, WDT Reset,. Wake-up via WDT
Brown-out Reset RESET Instruction, or Interrupt
Stack Resets

BSR 2480 | 2580 | 4480 | 4580 ---- 0000 ---- 0000 ---- uuuu
INDF2 2480 | 2580 | 4480|4580 N/A N/A N/A
POSTINC2 2480 | 2580 | 4480 | 4580 N/A N/A N/A
POSTDEC2 2480 | 2580 | 4480 | 4580 N/A N/A N/A
PREINC2 2480 | 2580 | 4480 | 4580 N/A N/A N/A
PLUSW2 2480 | 2580 | 4480|4580 N/A N/A N/A
FSR2H 2480 | 2580 | 4480|4580 ---- 0000 ---- 0000 ---- uuuu
FSR2L 2480 | 2580 | 4480|4580 XXXX XXXX uuuu uuuu uuuu uuuu
STATUS 2480 | 2580 | 4480|4580 ———X XXXX ---u uuuu ---u uuuu
TMROH 2480 | 2580 | 4480|4580 0000 0000 0000 0000 uuuu uuuu
TMROL 2480 | 2580 | 4480|4580 XXXX XXXX uuuu uuuu uuuu uuuu
TOCON 2480 | 2580 | 4480|4580 1111 1111 1111 1111 uuuu uuuu
OSCCON 2480 | 2580 | 4480|4580 0100 g000 0100 00g0 uuuu uuqu
HLVDCON 2480 | 2580 | 4480 | 4580 0-00 0101 0-00 0101 0-uu uuuu
WDTCON 2480 | 2580 | 4480|4580 ---—- --- o | = - o | = - u
RCON@ 2480 | 2580 | 4480|4580 0g-1 1190 0g-g gquu ug-u gquu
TMR1H 2480 | 2580 | 4480|4580 XXXX XXXX uuuu uuuu uuuu uuuu
TMR1L 2480 | 2580 | 4480|4580 XXXK XXXX uuuu uuuu uuuu uuuu
T1CON 2480 | 2580 | 4480|4580 0000 0000 uluu uuuu uuuu uuuu
TMR2 2480 | 2580 | 4480|4580 0000 0000 0000 0000 uuuu uuuu
PR2 2480 | 2580 | 4480|4580 1111 1111 1111 1111 1111 1111
T2CON 2480 | 2580 | 4480|4580 -000 0000 -000 0000 -uuu uuuu
SSPBUF 2480 | 2580 | 4480 | 4580 XXXX XXXX uuuu uuuu uuuu uuuu
SSPADD 2480 | 2580 | 4480 | 4580 0000 0000 0000 0000 uuuu uuuu
SSPSTAT 2480 | 2580 | 4480 | 4580 0000 0000 0000 0000 uuuu uuuu
SSPCON1 2480 | 2580 | 4480 | 4580 0000 0000 0000 0000 uuuu uuuu
SSPCON2 2480 | 2580 | 4480 | 4580 0000 0000 0000 0000 uuuu uuuu
ADRESH 2480 | 2580 | 4480 | 4580 XKXXX XXXX uuuu uuuu uuuu uuuu
ADRESL 2480 | 2580 | 4480 | 4580 XXXX XXXX uuuu uuuu uuuu uuuu
ADCONO 2480 | 2580 | 4480 | 4580 --00 0000 --00 0000 --uu uuuu
ADCON1 2480 | 2580 | 4480|4580 --00 0ggg --00 0ggg --uu uuuu
Legend: u =unchanged, x = unknown, - = unimplemented bit, read as ‘0’, g = value depends on condition.

Shaded cells indicate conditions do not apply for the designated device.
Note 1: One or more bits in the INTCONXx or PIRx registers will be affected (to cause wake-up).

2: When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the PC is loaded with the interrupt
vector (0008h or 0018h).

3:  When the wake-up is due to an interrupt and the GIEL or GIEH bit is set, the TOSU, TOSH and TOSL are
updated with the current value of the PC. The STKPTR is modified to point to the next location in the
hardware stack.

4: See Table 5-3 for Reset value for specific condition.

5: Bits 6 and 7 of PORTA, LATA and TRISA are enabled, depending on the oscillator mode selected. When
not enabled as PORTA pins, they are disabled and read ‘0’.

6: This register reads all ‘0’s until ECAN™ technology is set up in Mode 1 or Mode 2.
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6.4 Data Addressing Modes

Note: The execution of some instructions in the
core PIC18 instruction set are changed
when the PIC18 extended instruction
setis enabled. See Section 6.6 “Data
Memory and the Extended Instruction
Set” for more information.

While the program memory can be addressed in only
one way — through the program counter — information
in the data memory space can be addressed in several
ways. For most instructions, the addressing mode is
fixed. Other instructions may use up to three modes,
depending on which operands are used and whether or
not the extended instruction set is enabled.

The addressing modes are:

* Inherent
« Literal
» Direct
* Indirect

An additional addressing mode, Indexed Literal Offset,
is available when the extended instruction set is
enabled (XINST Configuration bit = 1). Its operation is
discussed in greater detail in Section 6.6.1 “Indexed
Addressing with Literal Offset”.

6.4.1 INHERENT AND LITERAL
ADDRESSING

Many PIC18 control instructions do not need any
argument at all; they either perform an operation that
globally affects the device or they operate implicitly on
one register. This addressing mode is known as
Inherent Addressing. Examples include SLEEP, RESET
and DAW.

Other instructions work in a similar way but require an
additional explicit argument in the opcode. This is
known as Literal Addressing mode because they
require some literal value as an argument. Examples
include ADDLW and MOVLW which, respectively, add or
move a literal value to the W register. Other examples
include CALL and GOTO, which include a 20-bit
program memory address.

6.4.2 DIRECT ADDRESSING

Direct Addressing specifies all or part of the source
and/or destination address of the operation within the
opcode itself. The options are specified by the
arguments accompanying the instruction.

In the core PIC18 instruction set, bit-oriented and
byte-oriented instructions use some version of Direct
Addressing by default. All of these instructions include
some 8-bit literal address as their Least Significant
Byte. This address specifies either a register address in
one of the banks of data RAM (Section 6.3.3 “General

Purpose Register File”) or a location in the Access
Bank (Section 6.3.2 “Access Bank”) as the data
source for the instruction.

The Access RAM bit ‘a’ determines how the address is
interpreted. When ‘a’ is ‘1’, the contents of the BSR
(Section 6.3.1 “Bank Select Register (BSR)”) are
used with the address to determine the complete 12-bit
address of the register. When ‘a’ is ‘0’, the address is
interpreted as being a register in the Access Bank.
Addressing that uses the Access RAM is sometimes
also known as Direct Forced Addressing mode.

A few instructions, such as MOVFF, include the entire
12-bit address (either source or destination) in their
opcodes. In these cases, the BSR is ignored entirely.

The destination of the operation’s results is determined
by the destination bit, ‘d’. When ‘d’ is ‘1’, the results are
stored back in the source register, overwriting its origi-
nal contents. When ‘d’ is ‘0’, the results are stored in
the W register. Instructions without the ‘d’ argument
have a destination that is implicit in the instruction; their
destination is either the target register being operated
on or the W register.

6.4.3 INDIRECT ADDRESSING

Indirect Addressing allows the user to access a location
in data memory without giving a fixed address in the
instruction. This is done by using File Select Registers
(FSRs) as pointers to the locations to be read or written
to. Since the FSRs are themselves located in RAM as
Special File Registers, they can also be directly manip-
ulated under program control. This makes FSRs very
useful in implementing data structures, such as tables
and arrays in data memory.

The registers for Indirect Addressing are also imple-
mented with Indirect File Operands (INDFs) that permit
automatic manipulation of the pointer value with
auto-incrementing, auto-decrementing or offsetting
with another value. This allows for efficient code, using
loops, such as the example of clearing an entire RAM
bank in Example 6-5.
EXAMPLE 6-5: HOW TO CLEAR RAM
(BANK 1) USING
INDIRECT ADDRESSING

LFSR FSRO, 100h
NEXT CLRF POSTINCO

Clear INDF
register then
BTFSS FSROH,1 All done with
Bankl?

NO, clear next
YES, continue

BRA NEXT

;
;
; inc pointer
;
;
CONTINUE ;

© 2009 Microchip Technology Inc.
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REGISTER 10-5: PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

R/W-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
OSCFIF cMIF™ — EEF | BCLF | HwDF | TMR3IF | ECCP1IF(
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 OSCFIF: Oscillator Fail Interrupt Flag bit

1 = System oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = System clock operating
bit 6 CMIF: Comparator Interrupt Flag bit(")
1 = Comparator input has changed (must be cleared in software)
0 = Comparator input has not changed
bit 5 Unimplemented: Read as ‘0’
bit 4 EEIF: Data EEPROM/Flash Write Operation Interrupt Flag bit
1 = The write operation is complete (must be cleared in software)
0 = The write operation is not complete, or has not been started
bit 3 BCLIF: Bus Collision Interrupt Flag bit
1 = A bus collision occurred (must be cleared in software)
0 = No bus collision occurred
bit 2 HLVDIF: High/Low-Voltage Detect Interrupt Flag bit
1 = Alow-voltage condition occurred (must be cleared in software)
0 = The device voltage is above the High/Low-Voltage Detect trip point
bit 1 TMR3IF: TMR3 Overflow Interrupt Flag bit
1 = TMR3 register overflowed (must be cleared in software)
0 = TMRS3 register did not overflow
bit 0 ECCP1IF: CCPx Interrupt Flag bit(")

Capture mode:

1 = A TMR1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare mode:

1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM mode:

Unused in this mode.

Note 1: These bits are available in PIC18F4X80 and reserved in PIC18F2X80 devices.
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11.6 Parallel Slave Port

Note: The Parallel Slave Port is only available on
PIC18F4X80 devices.

In addition to its function as a general I/O port, PORTD
can also operate as an 8-bit wide Parallel Slave Port
(PSP) or microprocessor port. PSP operation is con-
trolled by the 4 upper bits of the TRISE register
(Register 11-1).  Setting control bit, PSPMODE
(TRISE<4>), enables PSP operation, as long as the
Enhanced CCP module is not operating in dual output
or quad output PWM mode. In Slave mode, the port is
asynchronously readable and writable by the external
world.

The PSP can directly interface to an 8-bit micro-
processor data bus. The external microprocessor can
read or write the PORTD latch as an 8-bit latch. Setting
the control bit PSPMODE enables the PORTE /O pins
to become control inputs for the microprocessor port.
When set, port pin REO is the RD input, RE1 is the WR
input and RE2 is the CS (Chip Select) input. For this
functionality, the corresponding data direction bits of
the TRISE register (TRISE<2:0>) must be configured
as inputs (set). The A/D port Configuration bits,
PFCG<3:0> (ADCON1<3:0>), must also be set to
‘1010,

A write to the PSP occurs when both the CS and WR
lines are first detected low and ends when either are
detected high. The PSPIF and IBF flag bits are both set
when the write ends.

A read from the PSP occurs when both the CS and RD
lines are first detected low. The data in PORTD is read
out and the OBF bit is set. If the user writes new data
to PORTD to set OBF, the data is immediately read out;
however, the OBF bit is not set.

When either the CS or RD lines are detected high, the
PORTD pins return to the input state and the PSPIF bit
is set. User applications should wait for PSPIF to be set
before servicing the PSP; when this happens, the IBF
and OBF bits can be polled and the appropriate action
taken.

The timing for the control signals in Write and Read
modes is shown in Figure 11-3 and Figure 11-4,
respectively.

FIGURE 11-2: PORTD AND PORTE
BLOCK DIAGRAM
(PARALLEL SLAVE PORT)
One bit of PORTD

M T LSS T T T T :

H ata bus b Q 'I/\ - H %

| | RDx pin

X\'{R LATD CK _\_

I WR PORTD I

| Data Latch TTL |

I —< li Q D I

| | RD PORTD EN |

[ [

| |

[ [

Set Interrupt Flag
o
" PSPIF (PIR1<7>) \L—‘

Note: 1/O pins have diode protection to VDD and Vss.

© 2009 Microchip Technology Inc.
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FIGURE 11-3: PARALLEL SLAVE PORT WRITE WAVEFORMS

ot @ e e ar]e]e e o] e]e]| oo

= ? W
R ANy
. T
PORTD<7:0> — : N
IBF \\/

OBF \
PSPIF \*/

FIGURE 11-4: PARALLEL SLAVE PORT READ WAVEFORMS
:Q1|Q2|Q3|Q4EQ1|QZ|QS!Q4EQ1|QZ|Q3|Q4
s T\ . . I
™ S
PORTD<7:0> | =
IBF \

OBF ﬁ%\ \
PSPIF 5 \/

TABLE 11-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

Reset
Name Bit 7 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 58
LATD(") | LATD Output Latch Register 58
TRISD(") | PORTD Data Direction Register 58
PORTE( — = = — RE3 RE2 RE1 REO 58
LATE(™ = = = = = LATE Output Latch Register 58
TRISEM IBF OBF IBOV | PSPMODE = TRISE2 | TRISE1 | TRISEO 58
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF | INTOIF RBIF 55
PIR1 PSPIF ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 58
PIE1 PSPIE ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 58
IPR1 PSPIP ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 58
ADCON1 = = VCFG1 VCFGO PCFG3 | PCFG2 | PCFG1 | PCFGO 56
cMcoN® | c2ouT | c10uUT C2INV C1INV cIs CM2 CM1 CMO 57

Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Parallel Slave Port.
Note 1: These registers are available on PIC18F4X80 devices only.
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17.45 FULL-BRIDGE MODE

In Full-Bridge Output mode, four pins are used as
outputs; however, only two outputs are active at a time.
In the Forward mode, pin P1A is continuously active
and pin P1D is modulated. In the Reverse mode, pin
P1C is continuously active and pin P1B is modulated.
These are illustrated in Figure 17-6.

FIGURE 17-6:

FULL-BRIDGE PWM OUTPUT

P1A, P1B, P1C and P1D outputs are multiplexed with
the PORTD<4>, PORTD<5> PORTD<6> and
PORTD<7> data latches. The TRISD<4>, TRISD<5>,
TRISD<6> and TRISD<7> bits must be cleared to
make the P1A, P1B, P1C and P1D pins outputs.

Forward Mode
X Period R ,
i . I
P1A@ | | | !
" Duty Cycle : : :
| | | [
2 | | | |
P18 . . . :
| | I |
I | | I
P1c(® I I I I
T T T T
| I | |
| | | I
pD@ — [ ] , ,
| ] | |
(1), ! /(1) !
Reverse Mode
L Period | .
L | Duty Cycle ; : :
P1AR) , , , I
| | | !
| | | !
pB® | ] [
| | | T
| | | |
p1c(@ I I I [
| | | |
| | | |
- I I I |
p1D®@ I | I |
| | | |
| | | |
(1) . (1) .
Note 1: At this time, the TMR2 register is equal to the PR2 register.
2: Output signal is shown as active-high.

© 2009 Microchip Technology Inc.
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18.4.3.2 Reception

When the R/W bit of the address byte is clear and an
address match occurs, the R/W bit of the SSPSTAT
register is cleared. The received address is loaded into
the SSPBUF register and the SDA line is held low
(ACK).

When the address byte overflow condition exists, then
the no Acknowledge (ACK) pulse is given. An overflow
condition is defined as either bit, BF (SSPSTAT<0>), is
set, or bit, SSPOV (SSPCON1<6>), is set.

An MSSP interrupt is generated for each data transfer
byte. Flag bit, SSPIF (PIR1<3>), must be cleared in
software. The SSPSTAT register is used to determine
the status of the byte.

If SEN is enabled (SSPCON2<0> = 1), RC3/SCK/SCL
will be held low (clock stretch) following each data
transfer. The clock must be released by setting bit, CKP
(SSPCON<4>). See Section 18.4.4 “Clock
Stretching” for more details.

18.4.3.3 Transmission

When the R/W bit of the incoming address byte is set
and an address match occurs, the R/W bit of the
SSPSTAT register is set. The received address is
loaded into the SSPBUF register. The ACK pulse will
be sent on the ninth bit and pin RC3/SCK/SCL is held
low regardless of SEN (see Section 18.4.4 “Clock
Stretching” for more details). By stretching the clock,
the master will be unable to assert another clock pulse
until the slave is done preparing the transmit data. The
transmit data must be loaded into the SSPBUF register
which also loads the SSPSR register. Then, the RC3/
SCK/SCL pin should be enabled by setting bit, CKP
(SSPCON1<4>). The eight data bits are shifted out on
the falling edge of the SCL input. This ensures that the
SDA signal is valid during the SCL high time
(Figure 18-9).

The ACK pulse from the master-receiver is latched on
the rising edge of the ninth SCL input pulse. If the SDA
line is high (not ACK), then the data transfer is
complete. In this case, when the ACK is latched by the
slave, the slave logic is reset and the slave monitors for
another occurrence of the Start bit. If the SDA line was
low (ACK), the next transmit data must be loaded into
the SSPBUF register. Again, pin, RC3/SCK/SCL, must
be enabled by setting bit, CKP.

An MSSP interrupt is generated for each data transfer
byte. The SSPIF bit must be cleared in software and
the SSPSTAT register is used to determine the status
of the byte. The SSPIF bit is set on the falling edge of
the ninth clock pulse.

© 2009 Microchip Technology Inc.
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I>C™ SLAVE MODE TIMING SEN = 1 (RECEPTION, 10-BIT ADDRESS)

FIGURE 18-14
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19.2.2 EUSART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 19-6.
The data is received on the RX 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 operates 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 ok~ w

FIGURE 19-6: EUSART RECEIVE BLOCK DIAGRAM

19.2.3 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.

w

No o s

10.
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.

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

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
complete. The interrupt will be Acknowledged if
the RCIE and GIE bits are set.

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

Read RCREG to determine if the device is being
addressed.

If any error occurred, clear the CREN bit.

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

CREN

x64 Baud Rate CLK

! ! +64
BRG16[—— SPBRGH | SPBRG | — or
) ' +16
________________ or
Baud Rate Generator +4
Pin Buffer Data
and Control Recovery
RX

SPEN

Interrupt

RX9D RCREG Register
FIFO
8
[ W
RCIF Data Bus
RCIE
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FIGURE 19-7: ASYNCHRONOUS RECEPTION
. Start Start Start
RX (pin) bit (" bit 0’ bit 1 bit 7/8 it (bito bit 7/8 /" St bit it7/8/ St
CD D &SN LAY ED 65 CuZ N VN AT
Rev Shift Reg CC M C I C :
Rev Buffer Reg D) X D) D) ]
T o werez | -
Read Rcv C ' RCREG cc C : h
Buffer Reg D) T D) ) !
RCREG : : )
: C C '
RCIF C :
(Interrupt Flag) pD) I ) ) !
OERR bit S S S 1
CREN CC C Q 3
) ) J) [
Note: This timing diagram shows three words appearing on the RX input. The RCREG (receive buffer) is read after the third word
causing the OERR (overrun) bit to be set.
TABLE 19-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS 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 55
PIR1 PsPIF(™M ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 58
PIE1 PsPIE( ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE 58
IPR1 pspip( ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP 58
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 57
RCREG EUSART Receive Register 57
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 57
BAUDCON | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN 57
SPBRGH EUSART Baud Rate Generator Register, High Byte 57
SPBRG EUSART Baud Rate Generator Register, Low Byte 57
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous reception.
Note 1: Reserved in PIC18F2X80 devices; always maintain these bits clear.

© 2009 Microchip Technology Inc.
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REGISTER 24-4: COMSTAT: COMMUNICATION STATUS REGISTER

R/C-0 R/C-0 R-0 R-0 R-0 R-0

Mode 0

R-0 R-0

RXBOOVFL | RXB1OVFL| TXBO | TXBP

| RXBP | TXWARN | RXWARN | EWARN

R/C-0 R/C-0 R-0 R-0 R-0 R-0

Mode 1

R-0 R-0

—  |RxBnOVFL| TxBO | TXBP

| RXBP | TXWARN | RXWARN | EWARN

R/C-0 R/C-0 R-0 R-0 R-0 R-0

Mode 2

R-0 R-0

FIFOEMPTY | RXBnOVFL| TXBO | TXBP

| RXBP | TXWARN | RXWARN | EWARN

bit 7

bit 0

C = Clearable bit
W = Writable bit
‘1’ = Bit is set

Legend:
R = Readable bit

-n = Value at POR ‘0’ = Bit is cleared

U = Unimplemented bit, read as ‘0’

x = Bit is unknown

bit 7 Mode 0:
RXBOOVFL: Receive Buffer 0 Overflow bit

1 = Receive Buffer 0 overflowed
0 = Receive Buffer 0 has not overflowed

Mode 1:

Unimplemented: Read as ‘0’

Mode 2:

FIFOEMPTY: FIFO Not Empty bit

1 = Receive FIFO is not empty

0 = Receive FIFO is empty

Mode 0:

RXB10VFL: Receive Buffer 1 Overflow bit

1 = Receive Buffer 1 overflowed
0 = Receive Buffer 1 has not overflowed

Mode 1, 2:
RXBnOVFL.: Receive Buffer n Overflow bit

1 = Receive Buffer n has overflowed

0 = Receive Buffer n has not overflowed
TXBO: Transmitter Bus-Off bit

1 = Transmit error counter > 255

0 = Transmit error counter < 255

TXBP: Transmitter Bus Passive bit

1 = Transmit error counter > 127

0 = Transmit error counter < 127

RXBP: Receiver Bus Passive bit

1 = Receive error counter > 127

0 = Receive error counter < 127
TXWARN: Transmitter Warning bit

1 = Transmit error counter > 95

0 = Transmit error counter < 95
RXWARN: Receiver Warning bit

1 =127 > Receive error counter > 95

0 = Receive error counter < 95
EWARN: Error Warning bit

This bit is a flag of the RXWARN and TXWARN bits.

1 = The RXWARN or the TXWARN bits are set
0 = Neither the RXWARN or the TXWARN bits are set

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0
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REGISTER 24-21: RXERRCNT: RECEIVE ERROR COUNT REGISTER

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
REC7 REC6 REC5 REC4 REC3 REC2 REC1 RECO
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 REC<7:0>: Receive Error Counter bits

This register contains the receive error value as defined by the CAN specifications. When
RXERRCNT > 127, the module will go into an error-passive state. RXERRCNT does not have the
ability to put the module in “bus-off” state.

EXAMPLE 24-5: READING A CAN MESSAGE

; Need to read a pending message from RXBO buffer.

; To receive any message, filter, mask and RXM1:RXMO bits in RXBOCON registers must be

; programmed correctly.

;

; Make sure that there is a message pending in RXBO.

BTFSS RXBOCON, RXFUL ; Does RXBO contain a message?

BRA NoMessage ; No. Handle this situation...

; We have verified that a message is pending in RXBO buffer.

; If this buffer can receive both Standard or Extended Identifier messages,

; identify type of message received.

BTFSS RXBOSIDL, EXID ; Is this Extended Identifier?

BRA StandardMessage ; No. This is Standard Identifier message.
; Yes. This is Extended Identifier message.

; Read all 29-bits of Extended Identifier message.

; Now read all data bytes
MOVFEF RXBODO, MY_DATA_BYTEl

; Once entire message is read, mark the RXBO that it is read and no longer FULL.
BCF RXBOCON, RXFUL ; This will allow CAN Module to load new messages
; into this buffer.
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2434 LISTEN ONLY MODE

Listen Only mode provides a means for the
PIC18F2480/2580/4480/4580 devices to receive all
messages, including messages with errors. This mode
can be used for bus monitor applications or for
detecting the baud rate in ‘hot plugging’ situations. For
auto-baud detection, it is necessary that there are at
least two other nodes which are communicating with
each other. The baud rate can be detected empirically
by testing different values until valid messages are
received. The Listen Only mode is a silent mode,
meaning no messages will be transmitted while in this
state, including error flags or Acknowledge signals. The
filters and masks can be used to allow only particular
messages to be loaded into the receive registers or the
filter masks can be set to all zeros to allow a message
with any identifier to pass. The error counters are reset
and deactivated in this state. The Listen Only mode is
activated by setting the mode request bits in the
CANCON register.

24.3.5 LOOPBACK MODE

This mode will allow internal transmission of messages
from the transmit buffers to the receive buffers without
actually transmitting messages on the CAN bus. This
mode can be used in system development and testing.
In this mode, the ACK bit is ignored and the device will
allow incoming messages from itself, just as if they
were coming from another node. The Loopback mode
is a silent mode, meaning no messages will be trans-
mitted while in this state, including error flags or
Acknowledge signals. The TXCAN pin will revert to port
I/O while the device is in this mode. The filters and
masks can be used to allow only particular messages
to be loaded into the receive registers. The masks can
be set to all zeros to provide a mode that accepts all
messages. The Loopback mode is activated by setting
the mode request bits in the CANCON register.

24.3.6 ERROR RECOGNITION MODE

The module can be set to ignore all errors and receive
any message. In functional Mode 0, the Error Recogni-
tion mode is activated by setting the RXM<1:0> bits in
the RXBnCON registers to ‘11’. In this mode, the data
which is in the message assembly buffer until the error
time, is copied in the receive buffer and can be read via
the CPU interface.

24.4 CAN Module Functional Modes

In addition to CAN modes of operation, the ECAN mod-
ule offers a total of 3 functional modes. Each of these
modes are identified as Mode 0, Mode 1 and Mode 2.

2441 MODE 0 - LEGACY MODE

Mode 0 is designed to be fully compatible with CAN
modules used in PIC18CXX8 and PIC18FXX8 devices.
This is the default mode of operation on all Reset con-
ditions. As a result, module code written for the
PIC18XX8 CAN module may be used on the ECAN
module without any code changes.

The following is the list of resources available in Mode O:

« Three transmit buffers: TXB0, TXB1 and TXB2
« Two receive buffers: RXB0 and RXB1

» Two acceptance masks, one for each receive buf-
fer: RXM0O, RXM1

» Six acceptance filters, 2 for RXB0 and 4 for RXB1:
RXFO0, RXF1, RXF2, RXF3, RXF4, RXF5

2442 MODE 1 — ENHANCED LEGACY
MODE

Mode 1 is similar to Mode 0, with the exception
that more resources are available in Mode 1. There are
16 acceptance filters and two acceptance mask regis-
ters. Acceptance Filter 15 can be used as either an
acceptance filter or an acceptance mask register. In
addition to three transmit and two receive buffers, there
are six more message buffers. One or more of these
additional buffers can be programmed as transmit or
receive buffers. These additional buffers can also be
programmed to automatically handle RTR messages.

Fourteen of sixteen acceptance filter registers can be
dynamically associated to any receive buffer and
acceptance mask register. One can use this capability
to associate more than one filter to any one buffer.

When a receive buffer is programmed to use standard
identifier messages, part of the full acceptance filter reg-
ister can be used as a data byte filter. The length of the
data byte filter is programmable from 0 to 18 bits. This
functionality simplifies implementation of high-level
protocols, such as the DeviceNet™ protocol.

The following is the list of resources available in Mode 1:

* Three transmit buffers: TXB0, TXB1 and TXB2

» Two receive buffers: RXB0O and RXB1

» Six buffers programmable as TX or RX: B0-B5

» Automatic RTR handling on B0-B5

» Sixteen dynamically assigned acceptance filters:
RXF0-RXF15

» Two dedicated acceptance mask registers;
RXF15 programmable as third mask:
RXM0-RXM1, RXF15

* Programmable data filter on standard identifier
messages: SDFLC

© 2009 Microchip Technology Inc.
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24.7.3 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 an 8 buffer deep FIFO 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 mes-
sage has been accepted, it is stored in the next avail-
able receive buffer register and an internal Write
Pointer is incremented. The FIFO can be a maximum
of 8 buffers deep. The entire FIFO must consist of con-
tiguous 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 a transmit buffer, the actual FIFO will
consist of RXB0, RXB1, B0, B1 and B2, a total of 5 buf-
fers. If BO is configured as a transmit buffer, the FIFO
length will be 2. If none of the programmable buffers
are configured 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 the FP<3:0> bits to access the RXFUL bit in
the current buffer. If RXFUL is cleared, the FIFO is con-
sidered 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.

24.7.4 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 Timer1
or Timer3. This value can be used as the message
time-stamp.

To use the time-stamp capability, the CANCAP bit
(CIOCON<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.

24.8 Message Acceptance Filters
and Masks

The message acceptance filters and masks are used to
determine if a message in the Message Assembly Buf-
fer 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 24-2 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 buf-
fer. 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 24-2: FILTER/MASK TRUTH TABLE

Mask Filter Message | Accept or
bit n bit n Identifier Reject
bit n001 bit n

0 x X Accept

! 0 0 Accept

! 0 1 Reject

! 1 0 Reject

! 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 28-14:

EXAMPLE SPI SLAVE MODE TIMING (CKE = 0)

SCK
(CKP = 0)

SCK
(CKP =1)

SDO

SDI

'« 70>

71— . 72—

TABLE 28-16: EXAMPLE SPI MODE REQUIREMENTS (SLAVE MODE TIMING, CKE = 0)

Pilr:m Symbol Characteristic Min Max | Units |Conditions
70 TssL2scH [SS | to SCK { or SCK T Input 3 Tey — ns
1I'SSLZSCL
71 TscH SCK Input High Time Continuous 1.25Tcy +30| — ns
71A Single Byte 40 — ns |[(Note 1)
72 TscL SCK Input Low Time Continuous 1.25Tcy + 30| — ns
72A Single Byte 40 — ns |[(Note 1)
73 TpIV2scH, |Setup Time of SDI Data Input to SCK Edge 20 — ns
TpIV2scL
73A TB2B Last Clock Edge of Byte1 to the First Clock Edge of Byte 2| 1.5 Tcy +40 | — ns |[(Note 2)
74 TscH2bIL, [Hold Time of SDI Data Input to SCK Edge 40 — ns
TscL2DIL
75 TpoR SDO Data Output Rise Time PIC18FXXXX — 25 ns
PIC18LFXXXX 45 ns |VDD=2.0V
76 TDOF SDO Data Output Fall Time — 25 ns
77 TssH2D0Z |SS 1 to SDO Output High-Impedance 10 50 | ns
80 TscH2poV |SDO Data Output Valid after SCK PIC18FXXXX — 50 ns
’ Edge PIC18LFXXXX 100 | ns |vop=2.0V
TscL2DoV
83 TscH2ssH [SS 1 after SCK Edge 1.5Tcy +40 | — ns
1I'scL2ssH
Note 1: Requires the use of Parameter #73A.

2: Only if Parameter #71A and #72A are used.
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]

with 0.55 mm Contact Length

http://www.microchip.com/packaging

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

C1

W2

10000085

uli

X1
SILK SCREEN

Jd -
-

RECOMMENDED LAND PATTERN

U000 -

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width W2 4.25
Optional Center Pad Length T2 4.25
Contact Pad Spacing C1 5.70
Contact Pad Spacing C2 5.70
Contact Pad Width (X28) X1 0.37
Contact Pad Length (X28) Y1 1.00
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing No. C04-2105A
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