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PIC18FXX8

6.0 FLASHPROGRAM MEMORY

The Flash program memory is readable, writable and
erasable during normal operation over the entire VDD
range.

A read from program memory is executed on one byte
at a time. A write to program memory is executed on
blocks of 8 bytes at a time. Program memory is erased
in blocks of 64 bytes at a time. A bulk erase operation
may not be issued from user code.

Writing or erasing program memory will cease instruc-
tion fetches until the operation is complete. The
program memory cannot be accessed during the write
or erase, therefore, code cannot execute. An internal
programming timer terminates program memory writes
and erases.

A value written to program memory does not need to be
a valid instruction. Executing a program memory
location that forms an invalid instruction results in a
NOP.

FIGURE 6-1: TABLE READ OPERATION

6.1 Table Reads and Table Writes

In order to read and write program memory, there are
two operations that allow the processor to move bytes
between the program memory space and the data
RAM:

¢ Table Read (TBLRD)
¢ Table Write (TBLWT)

The program memory space is 16 bits wide, while the
data RAM space is 8 bits wide. Table reads and table
writes move data between these two memory spaces
through an 8-bit register (TABLAT).

Table read operations retrieve data from program
memory and place it into the data RAM space.
Figure 6-1 shows the operation of a table read with
program memory and data RAM.

Table write operations store data from the data memory
space into holding registers in program memory. The
procedure to write the contents of the holding registers
into program memory is detailed in Section 6.5
“Writing to Flash Program Memory”. Figure 6-2
shows the operation of a table write with program
memory and data RAM.

Table operations work with byte entities. A table block
containing data, rather than program instructions, is not
required to be word aligned. Therefore, a table block
can start and end at any byte address. If a table write is
being used to write executable code into program
memory, program instructions will need to be word
aligned.

Table Pointer(")

Instruction: TBLRD*

Program Memory

TBLPTRU : TBLPTRH : TBLPTRL

—

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT
ﬁ_f

Note 1: Table Pointer points to a byte in program memory.
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REGISTER 8-5:

bit 7
bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

UO RWO UO RWO RWO RWO RWO0  RWO
— | omF® | — | EEF | BCUF | LvDIF [ TMR3IF | ECCP1IF™)
bit 7 bit 0

Unimplemented: Read as ‘0’

CMIF: Comparator Interrupt Flag bit("

1 = Comparator input has changed

0 = Comparator input has not changed

Unimplemented: Read as ‘0’

EEIF: EEPROM Write Operation Interrupt Flag bit

1 = Write operation is complete (must be cleared in software)

0 = Write operation is not complete

BCLIF: Bus Collision Interrupt Flag bit

1 = A bus collision occurred (must be cleared in software)

0 = No bus collision occurred

LVDIF: Low-Voltage Detect Interrupt Flag bit

1 = A low-voltage condition occurred (must be cleared in software)
0 = The device voltage is above the Low-Voltage Detect trip point
TMR3IF: TMR3 Overflow Interrupt Flag bit

1 = TMRS register overflowed (must be cleared in software)

0 = TMRS register did not overflow

ECCP1IF: ECCP1 Interrupt Flag bit(")

Capture mode:

1 =A TMR1 (TMRB) register capture occurred (must be cleared in software)
0 =No TMR1 (TMRS3) 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: This bit is only available on PIC18F4X8 devices. For PIC18F2X8 devices, this bit
is unimplemented and reads as ‘0’.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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REGISTER 8-11:

bit 7
bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

u-0 R/W-1 u-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
= cmip() = EEIP BCLIP LVDIP | TMR3IP | ECCP1IP(")
bit 7 bit 0

Unimplemented: Read as ‘0’

CMIP: Comparator Interrupt Priority bit(")

1 = High priority

0 = Low priority

Unimplemented: Read as ‘0’

EEIP: EEPROM Write Interrupt Priority bit

1 = High priority

0 = Low priority

BCLIP: Bus Coallision Interrupt Priority bit

1 = High priority

0 = Low priority

LVDIP: Low-Voltage Detect Interrupt Priority bit
1 = High priority

0 = Low priority

TMR3IP: TMR3 Overflow Interrupt Priority bit
1 = High priority

0 = Low priority

ECCP1IP: ECCP1 Interrupt Priority bit(")

1 = High priority

0 = Low priority

Note 1: This bit is only available on PIC18F4X8 devices. For PIC18F2X8 devices, this bit
is unimplemented and reads as ‘0’.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
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9.3 PORTC, TRISC and LATC
Registers

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

Read-modify-write operations on the LATC register,
read and write the latched output value for PORTC.

PORTC is multiplexed with several peripheral functions
(Table 9-5). PORTC pins have Schmitt Trigger input
buffers.

When enabling peripheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherals override the TRIS bit to make a pin an output,

FIGURE 9-8:

while other peripherals override the TRIS bit to make a
pin an input. The user should refer to the corresponding
peripheral section for the correct TRIS bit settings.

The pin override value is not loaded into the TRIS
register. This allows read-modify-write of the TRIS
register, without concern due to peripheral overrides.

EXAMPLE 9-3: INITIALIZING PORTC

CLRF PORTC ; Initialize PORTC by
; clearing output
; data latches
CLRF LATC ; Alternate method
; to clear output
; data latches

MOVLW 0CFh ; Value used to
; initialize data
; direction
MOVWF TRISC ; Set RC3:RCO as inputs

; RC5:RC4 as outputs
; RC7:RC6 as inputs

PORTC BLOCK DIAGRAM (PERIPHERAL OUTPUT OVERRIDE)

Peripheral Out Select

VDD
iD—{ P
1/0 pint
N TRIS OVERRIDE
Pin | Override Peripheral
Vss

Peripheral Data Out {
0
—a
RD LATC 1
Data Bus D Q
gR LATC ae
WR PORTC Data Latch
& D Q
WR TRISC cKM_Q TRIS
B Override
TRIS Latch
L
RD TRISC
Peripheral Enable

RCO Yes Timer1 Oscillator

for Timer1/Timer3
RC1 Yes Timer1 Oscillator
for Timer1/Timer3
Schmitt \ RC2 No |—
Trigger RC3| Yes |SPI™/2C™
D Master Clock

EN

RC4 Yes [2C Data Out

—I RC5 Yes SPI Data Out

<]
RD PORTC r {>C

Peripheral Data In

RC6 Yes USART Async
Xmit, Sync Clock

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

RC7 Yes USART Sync Data
Out

DS41159E-page 100
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NOTES:
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15.0 CAPTURE/COMPARE/PWM
(CCP) MODULES

The CCP (Capture/Compare/PWM) module contains a
16-bit register that can operate as a 16-bit Capture
register, as a 16-bit Compare register or as a PWM
Duty Cycle register.

The operation of the CCP module is identical to that
of the ECCP module (discussed in detail in
Section 16.0 “Enhanced Capture/Compare/PWM
(ECCP) Module”) with two exceptions. The CCP

module has a Capture special event trigger that can be
used as a message received time-stamp for the CAN
module (refer to Section 19.0 “CAN Module” for CAN
operation) which the ECCP module does not. The
ECCP module, on the other hand, has Enhanced PWM
functionality and auto-shutdown capability. Aside from
these, the operation of the module described in this
section is the same as the ECCP.

The control register for the CCP module is shown in
Register 15-1. Table 15-2 (following page) details the
interactions of the CCP and ECCP modules.

REGISTER 15-1: CCP1CON: CCP1 CONTROL REGISTER

u-o0 u-0 R/W-0

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

| DC1B1 | DC1BO | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO

bit 7

bit 7-6  Unimplemented: Read as ‘0’

bit 0

bit 5-4 DCxB1:DCxB0: PWM Duty Cycle bit 1 and bit 0

Capture mode:
Unused.

Compare mode:
Unused.

PWM mode:

These bits are the two LSbs (bit 1 and bit 0) of the 10-bit PWM duty cycle. The upper eight bits
(DCx9:DCx2) of the duty cycle are found in CCPRXxL.

bit 3-0 CCPxM3:CCPxMO0: CCPx Mode Select bits
0000 = Capture/Compare/PWM off (resets CCPx module)

0001 = Reserved

0010 = Compare mode, toggle output on match (CCPxIF bit is set)

0011 = Capture mode, CAN message received (CCP1 only)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, initialize CCP pin low, on compare match force CCP pin high

(CCPIF bit is set)

1001 = Compare mode, initialize CCP pin high, on compare match force CCP pin low

(CCPIF bit is set)

1010 = Compare mode, CCP pin is unaffected

(CCPIF bit is set)

1011 = Compare mode, trigger special event (CCP1IF bit is set; CCP resets TMR1 or TMR3
and starts an A/D conversion if the A/D module is enabled)

11xx = PWM mode

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

© 2006 Microchip Technology Inc.
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16.2 Capture Mode

The Capture mode of the ECCP module is virtually
identical in operation to that of the standard CCP mod-
ule as discussed in Section 15.1 “CCP1 Module”.
The differences are in the registers and port pins
involved:

¢ The 16-bit Capture register is ECCPR1
(ECCPR1H and ECCPR1L);

* The capture event is selected by control bits
ECCP1M3:ECCP1MO0O (ECCP1CON<3:0>);

* The interrupt bits are ECCP1IE (PIE2<0>) and
ECCP1IF (PIR2<0>); and

e The capture input pin is RD4 and its corresponding
direction control bit is TRISD<4>.

Other operational details, including timer selection,
output pin configuration and software interrupts, are
exactly the same as the standard CCP module.

16.2.1 CAN MESSAGE TIME-STAMP

The special capture event for the reception of CAN mes-
sages (Section 15.2.5 “CAN Message Time-Stamp”)
is not available with the ECCP module.

16.3 Compare Mode

The Compare mode of the ECCP module is virtually
identical in operation to that of the standard CCP
module as discussed in Section 15.2 “Capture
Mode”. The differences are in the registers and port
pins as described in Section 16.2 “Capture Mode”.
All other details are exactly the same.

16.3.1 SPECIAL EVENT TRIGGER

Except as noted below, the special event trigger output
of ECCP1 functions identically to that of the standard
CCP module. It may be used to start an A/D conversion
if the A/D module is enabled.

Note:  The special event trigger from the ECCP1
module will not set the Timer1 or Timer3

interrupt flag bits.

TABLE 16-4: REGISTERS ASSOCIATED WITH ENHANCED CAPTURE, COMPARE,
TIMER1 AND TIMER3

Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF |0000 000x|0000 000u
PIR2 — CMIF — EEIF BCLIF LVDIF | TMR3IF | ECCP1IF |-0-0 0000|-0-0 0000
PIE2 — CMIE — EEIE BCLIE LVDIE | TMR3IE | ECCP1IE [-0-0 0000|-0-0 0000
IPR2 — CMIP — EEIP BCLIP LVDIP | TMR3IP | ECCP1IP |-1-1 1111{-1-1 1111
TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XXXX XXXX|uuuu uuuu
TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX|[uuuu uuuu
T1CON RDt6 | —  |TickPst1|T1cKPS0 | T10SCEN | TISYNC | TMR1CS | TMR1ON [0-00 0000[u-uu wuuu
TMR3L Holding Register for the Least Significant Byte of the 16-bit TMR3 Register XXXX XXXX|[uuuu uuuu
TMR3H Holding Register for the Most Significant Byte of the 16-bit TMR3 Register XXXX XXXX|[uuuu uuuu
T3CON RD16 | TSECCP1 | T3CKPS1| T3CKPS0 | T3CCP1 | TBSYNC | TMRSCS | TMRON [0000 0000[uuuu wuuu
TRISD PORTD Data Direction Register 1111 1111(1111 1111
ECCPRI1L |Capture/Compare/PWM Register1 (LSB) XXXX XXXX|uuuu uuuu
ECCPR1H |Capture/Compare/PWM Register1 (MSB) XXXX XXXX|uuuu uuuu
ECCP1CON | EPWM1M1 EPWM1M0| EDC1B1 | EDC1B0 |ECCP1M3 ECCP1M2 |ECCP1M1|ECCP1M0|{ 0000 0000|0000 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the ECCP module and Timer1.

© 2006 Microchip Technology Inc.
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FIGURE 16-6:

EXAMPLE OF FULL-BRIDGE APPLICATION

V+
PIC18F448/458 FET QD ) QB FET
Driver Driver
NG | my| 1
P1D L~ ja <
+ -
P1C Load
FET FET
Driver ] Driver
™S e v,
L 14 >
P1B Qc QA
V-
P1A -

16.5.3.1 Direction Change in Full-Bridge

Mode

In the Full-Bridge Output mode, the EPWM1M1 bit in
the ECCP1CON register allows the user to control the
forward/reverse direction. When the application firm-
ware changes this direction control bit, the ECCP1
module will assume the new direction on the next PWM
cycle. The current PWM cycle still continues, however,
the non-modulated outputs, P1A and P1C signals, will
transition to the new direction Tosc, 4 Tosc or 16 TOSC
earlier (for T2CKRS<1:0> = 00, 01 or 1x, respectively)
before the end of the period. During this transition
cycle, the modulated outputs, P1B and P1D, will go to
the inactive state (Figure 16-7).

Note that in the Full-Bridge Output mode, the ECCP
module does not provide any dead-band delay. In
general, since only one output is modulated at all times,
dead-band delay is not required. However, there is a
situation where a dead-band delay might be required.
This situation occurs when all of the following
conditions are true:

1. The direction of the PWM output changes when
the duty cycle of the output is at or near 100%.

2. The turn-off time of the power switch, including
the power device and driver circuit, is greater
than turn-on time.

Figure 16-8 shows an example where the PWM
direction changes from forward to reverse at a near
100% duty cycle. At time t1, the outputs P1A and P1D
become inactive, while output P1C becomes active. In
this example, since the turn-off time of the power
devices is longer than the turn-on time, a shoot-through
current flows through power devices QB and QD (see
Figure 16-6) for the duration of ‘. The same phenom-
enon will occur to power devices QA and QC for PWM
direction change from reverse to forward.

If changing PWM direction at high duty cycle is required
for an application, one of the following requirements
must be met:

1. Avoid changing PWM output direction at or near
100% duty cycle.

2. Use switch drivers that compensate the slow
turn off of the power devices. The total turn-off
time (ty) of the power device and the driver
must be less than the turn-on time (t,,).

DS41159E-page 138
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17.3.8 SLEEP OPERATION

In Master mode, all module clocks are halted and the
transmission/reception will remain in that state until the
device wakes from Sleep. After the device returns to
normal mode, the module will continue to transmit/
receive data.

In Slave mode, the SPI Transmit/Receive Shift register
operates asynchronously to the device. This allows the
device to be placed in Sleep mode and data to be
shifted into the SPI Transmit/Receive Shift register.
When all 8 bits have been received, the MSSP interrupt
flag bit will be set and if enabled, will wake the device
from Sleep.

17.3.9 EFFECTS OF A RESET

A Reset disables the MSSP module and terminates the
current transfer.

17.3.10 BUS MODE COMPATIBILITY

Table 17-1 shows the compatibility between the
standard SPI modes and the states of the CKP and
CKE control bits.

TABLE 17-1: SPI™ BUS MODES
Standard SPI Mode Control Bits State
Terminology CKP CKE
0, 0 0 1
0, 1 0 0
1, 0 1 1
1, 1 1 0

There is also an SMP bit which controls when the data
is sampled.

TABLE 17-2: REGISTERS ASSOCIATED WITH SPI™ OPERATION

. . . . . . . . Value on Value on

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, BOR all other

Resets
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF | 0000 000x|0000 000u
PIR1 PSPIF() ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF | 0000 0000|0000 0000
PIE1 PSPIE(M ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE | 0000 0000|0000 0000
IPR1 PSPIP(M ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP [1111 1111|1111 1111
TRISC PORTC Data Direction Register 1111 1111|1111 1111
TRISA — TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO |-111 1111|-111 1111
SSPBUF | Synchronous Serial Port Receive Buffer/Transmit Register XXXX XXXX |Uuuuu uuuu
SSPCON1 WCOL SSPOV | SSPEN CKP SSPM3 | SSPM2 | SSPM1 | SSPMO | 0000 0000|0000 0000
SSPSTAT SMP CKE D/A P S R/W UA BF | 0000 0000|0000 0000
Legend: x =unknown, u = unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by the MSSP in SPI™ mode.

Note 1:

These registers or register bits are not implemented on the PIC18F248 and PIC18F258 and read as ‘0’s.

© 2006 Microchip Technology Inc.
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17.4.3.2 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 (SSPCON1<4>). See Section 17.4.4 “Clock
Stretching” for more detail.

17.4.3.3 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 17.4.4 “Clock
Stretching” for more detail). 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, pin RC3/
SCK/SCL 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 17-9).

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 (resets SSPSTAT regis-
ter) 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.

© 2006 Microchip Technology Inc.
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REGISTER 19-23: RXFnEIDH: RECEIVE ACCEPTANCE FILTER n EXTENDED IDENTIFIER,
HIGH BYTE REGISTERS

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
bit 7-0 EID15:EID8: Extended Identifier Filter bits
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

REGISTER 19-24: RXFnEIDL: RECEIVE ACCEPTANCE FILTER n EXTENDED IDENTIFIER,
LOW BYTE REGISTERS

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

EID7 EID6 EID5 EID4 EID3 EID2 EID1 EIDO
bit 7 bit 0
bit 7-0 EID7:EIDO: Extended Identifier Filter bits
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

REGISTER 19-25: RXMnSIDH: RECEIVE ACCEPTANCE MASK n STANDARD IDENTIFIER MASK,
HIGH BYTE REGISTERS

R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

| sibto | sib9 | siD8 | siD7 [ sSID6 | SIDs sip4 | siD3 |

bit 7 bit 0
bit 7-0 SID10:SID3: Standard Identifier Mask bits or Extended Identifier Mask bits EID28:EID21

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

DS41159E-page 216 © 2006 Microchip Technology Inc.



PIC18FXX8

19.7.1 TIME QUANTA

As already mentioned, the time quanta is a fixed unit
derived from the oscillator period and baud rate
prescaler. Its relationship to TBIT and the nominal bit
rate is shown in Example 19-2.

EXAMPLE 19-2: CALCULATING Taq,
NOMINAL BIT RATE AND
NOMINAL BIT TIME

TQ (us) =(2* (BRP+ 1))/Fosc (MHz)
TBIT (us) = TQ (us) * number of TQ per bit interval
Nominal Bit Rate (bits/s) = 1/TBIT

CASE 1:

For Fosc = 16 MHz, BRP<5:0> = 00h and
Nominal Bit Time = 8 Ta:

TQ=(2* 1)/16 = 0.125 us (125 ns)
TBIT=8* 0.125=1 s (105
Nominal Bit Rate = 1/10°% = 10° bits/s (1 Mb/s)

CASE 2:

For Fosc = 20 MHz, BRP<5:0> = 01h and
Nominal Bit Time = 8 Ta:

TQ=(2* 2)/20=10.2 us (200 ns)
TBIT=8*0.2=1.6us(1.6* 10°%)

Nominal Bit Rate = 1/1.6 * 10%s= 625,000 bits/s
(625 Kbls)

CASE 3:

For Fosc = 25 MHz, BRP<5:0> = 3Fh and
Nominal Bit Time = 25 Ta:

TQ=(2* 64)/25=5.12 us
TBIT=25* 512 =128 us(1.28 * 10%s)

Nominal Bit Rate = 1/1.28 * 104= 7813 bits/s
(7.8 Kbls)

The frequencies of the oscillators in the different nodes
must be coordinated in order to provide a system wide
specified nominal bit time. This means that all oscilla-
tors must have a Tosc that is an integral divisor of TQ.
It should also be noted that although the number of Ta
is programmable from 4 to 25, the usable minimum is
8 Ta. A bit time of less than 8 Ta in length is not
ensured to operate correctly.

19.7.2 SYNCHRONIZATION SEGMENT

This part of the bit time is used to synchronize the
various CAN nodes on the bus. The edge of the input
signal is expected to occur during the sync segment.
The duration is 1 Ta.

19.7.3 PROPAGATION SEGMENT

This part of the bit time is used to compensate for
physical delay times within the network. These delay
times consist of the signal propagation time on the bus
line and the internal delay time of the nodes. The length
of the Propagation Segment can be programmed from
1 Ta to 8 Ta by setting the PRSEG2:PRSEGO bits.

19.7.4 PHASE BUFFER SEGMENTS

The phase buffer segments are used to optimally
locate the sampling point of the received bit within the
nominal bit time. The sampling point occurs between
Phase Segment 1 and Phase Segment 2. These
segments can be lengthened or shortened by the
resynchronization process. The end of Phase Segment
1 determines the sampling point within a bit time.
Phase Segment 1 is programmable from 1 TQ to 8 TQ
in duration. Phase Segment 2 provides delay before
the next transmitted data transition and is also
programmable from 1 Ta to 8 Ta in duration. However,
due to IPT requirements, the actual minimum length of
Phase Segment 2 is 2 Ta or it may be defined to be
equal to the greater of Phase Segment 1 or the
Information Processing Time (IPT).

19.7.5 SAMPLE POINT

The sample point is the point of time at which the bus
level is read and the value of the received bit is deter-
mined. The sampling point occurs at the end of Phase
Segment 1. If the bit timing is slow and contains many
Tq, itis possible to specify multiple sampling of the bus
line at the sample point. The value of the received bit is
determined to be the value of the majority decision of
three values. The three samples are taken at the sam-
ple point and twice before, with a time of Ta/2 between
each sample.

19.7.6 INFORMATION PROCESSING TIME

The Information Processing Time (IPT) is the time
segment, starting at the sample point, that is reserved
for calculation of the subsequent bit level. The CAN
specification defines this time to be less than or equal
to 2 TQ. The PIC18FXX8 defines this time to be 2 Ta.
Thus, Phase Segment 2 must be at least 2 Ta long.
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21.7 Comparator Operation During
Sleep

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

FIGURE 21-4: ANALOG INPUT MODEL

21.8 Effects of a Reset

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

21.9 Analog Input Connection
Considerations

A simplified circuit for an analog input is shown in
Figure 21-4. Since the analog pins are connected to a
digital output, they have reverse biased diodes to VDD
and Vss. The analog input, therefore, must be between
Vss and VDD. If the input voltage deviates from this
range by more than 0.6V in either direction, one of the
diodes is forward biased and a latch-up condition may
occur. A maximum source impedance of 10kQ is
recommended for the analog sources. Any external
component connected to an analog input pin, such as
a capacitor or a Zener diode, should have very little
leakage current.

VDD

VT =0.6V RiC

| LEAKAGE
+500 nA

Legend: CPIN
VT = Threshold Voltage
Leakage Current at the pin due to various junctions

VT=0.6V #
.

Input Capacitance

| LEAKAGE =

Ric = Interconnect Resistance
Rs = Source Impedance

VA = Analog Voltage

Vss
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TABLE 21-1: REGISTERS ASSOCIATED WITH COMPARATOR MODULE

. . . . . . . . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR all other
Resets
CMCON | C20UT | C10UT | C2INV C1INV CIS CMm2 CMA1 CMo 0000 0000|0000 0000
CVRCON | CVREN |CVROE| CVRR CVRSS CVR3 | CVR2 | CVR1 CVRO 0000 0000|0000 0000
INTCON | GIE/ | PEIE/ [TMROIE| INTOIE RBIE |TMROIF| INTOIF | RBIF [0000 000x|0000 000u
GIEH | GIEL

PIR2 — [cMIFM | — EEIF BCLIF | LVDIF |TMR3IF|ECCP1IF™|-0-0 0000|-0-0 0000
PIE2 — |[cMEEM| — EEIE BCLIE | LVDIE [TMRS3IE|ECCP1IEM|-0-0 0000|-0-0 0000
IPR2 — |cmiPM| — EEIP BCLIP | LVDIP |TMR3IP|ECCP1IPM|-1-1 1111|-1-1 1111
PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO XXXX XXXX|uuuu uuuu
LATD LATD7 | LATD6 | LATD5 LATD4 LATD3 | LATD2 | LATD1 LATDO |xxxx xxxx|uuuu uuuu
TRISD |PORTD Data Direction Register 1111 11111111 1111
PORTE — — — — — RE2 | REf REO |---- -xxx|---- -000
LATE — — — — — | LATE2 | LATE1 | LATEO |---- -xxx|---- -uuu
TRISE | 1IBF(Y | oBFM | IBov() | PSPMODE("M| — | TRISE2 | TRISE1| TRISEO |0000 -111[0000 -111
Legend: x = unknown, u = unchanged, - = unimplemented, read as ‘0’

Note 1:

These bits are reserved on PIC18F2X8 devices; always maintain these bits clear.
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TABLE 25-2: PIC18FXXX INSTRUCTION SET
Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f,d,a |Add WREG and f 1 0010 o01l1da ffff £fff|C,DC,Z 0OV,N|1,2
ADDWFC f,d,a |Add WREG and Carry bittof |1 0010 ooda ffff ffff|C,DC,Z OV,N|1,2
ANDWF f,d,a |AND WREG with f 1 0001 0l1da ffff f£ffff|Z N 1,2
CLRF f,a Clear f 1 0110 10la ffff ffff|Z 2
COMF f, d, a |Complement f 1 0001 11da ffff ffff|Z N 1,2
CPFSEQ f,a Compare f with WREG, skip= |1 (20r3)| 0110 00l1a ffff £ff£ff None 4
CPFSGT f,a Compare f with WREG, skip> |1 (20or3)| 0110 010a ffff £ff£ff |[None 4
CPFSLT f,a Compare f with WREG, skip< |1 (20or3)| 0110 000a ffff £ff£ff |[None 1,2
DECF f,d, a |Decrement f 1 0000 01da ffff ffff|C,DC,Z 0OV,N|1,2, 3 4
DECFSZ f,d, a |Decrementf, Skip if O 1(2or3)| 0010 11da ffff £££ff [None 1,2,3,4
DCFSNZ f,d, a |Decrement f, Skip if Not O 1(2or3)| 0100 11da ffff £££ff [None 1,2
INCF f,d, a |Increment f 1 0010 1o0da ffff £fff |C,DC,Z 0OV,N|1,2, 3,4
INCFSZ f,d, a |Increment f, Skip if O 1(2or3)| 0011 11da ffff £ff£ff [None 4
INFSNZ f, d, a |Increment f, Skip if Not 0 1(2or3)| 0100 10da ffff £ffff [None 1,2
IORWF f, d, a |Inclusive OR WREG with f 1 0001 00da ffff ffff|Z N 1,2
MOVF f,d,a [Move f 1 0101 00da ffff ffff|Z N 1
MOVFF  fs, fgy |Move fq (source) to  1stword |2 1100 ffff £fff £££f None
f4 (destination) 2nd word 1111 ffff f£fff ffff
MOVWF f, a Move WREG to f 1 0110 111a ffff ££££f None
MULWF f,a Multiply WREG with f 1 0000 00la ffff ff£f |None
NEGF f,a Negate f 1 0110 110a ffff ££fff |C,DC,Z 0V,N|1,2
RLCF f, d, a |Rotate Left f through Carry 1 0011 01l1da ffff ffff|C,Z N
RLNCF f, d, a |Rotate Left f (No Carry) 1 0100 01da ffff £ffff|Z N 1,2
RRCF f, d, a |Rotate Right f through Carry |1 0011 oo0da ffff ffff|C,Z N
RRNCF f, d, a |Rotate Right f (No Carry) 1 0100 00da ffff ffff|Z,N
SETF f,a Set f 1 0110 100a ffff ££f£ff None
SUBFWB f,d, a |Subtract f from WREG with 1 0101 01da ffff ffff |C,DC,Z 0OV,N|1,2
borrow
SUBWF f,d, a |Subtract WREG from f 1 0101 11da ffff ffff |C,DC,Z OV,N
SUBWFB f, d, a |Subtract WREG from f with 1 0101 1o0da ffff f£fff|C,DC,Z OV,N|1,2
borrow
SWAPF  f,d,a |Swap nibbles in f 1 0011 10da ffff ££f£ff None
TSTFSZ f,a Test f, skip if 0 1(2or3)|0110 011a ffff £££ff [None 1,2
XORWF f,d,a |Exclusive OR WREG with f 1 0001 10da ffff £ffff|Z, N
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f, b, a |Bit Clear f 1 1001 bbba ffff £ff£ff |None 1,2
BSF f, b, a |Bit Setf 1 1000 bbba ffff ffff |None 1,2
BTFSC f, b, a |Bit Test f, Skip if Clear 1(20or3)| 1011 bbba ffff £ff£ff [None 3,4
BTFSS f, b, a |Bit Test f, Skip if Set 1(20or3)| 1010 bbba ffff £ff£ff |[None 3,4
BTG f, d, a |Bit Toggle f 1 0111 bbba ffff ££f£f |None 1,2
Note 1: When a Port register is modified as a function of itself (e.g., MOVF PORTB, 1, 0), the value used will be

that value present on the pins themselves. For example, if the data latch is ‘1’ for a pin configured as input
and is driven low by an external device, the data will be written back with a ‘0’.
2: If this instruction is executed on the TMRO register (and where applicable, d = 1), the prescaler will be
cleared if assigned.
3: If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles. The
second cycle is executed as a NOP.
4: Some instructions are 2-word instructions. The second word of these instructions will be executed as a NOP
unless the first word of the instruction retrieves the information embedded in these 16 bits. This ensures that
all program memory locations have a valid instruction.
5: If the table write starts the write cycle to internal memory, the write will continue until terminated.
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TSTFSZ Test f, Skip if 0

Syntax: [ label] TSTFSZ f[,a]

Operands: 0<f<255
ae [0,1]

Operation: skipiff=0

Status Affected: None

Encoding: ‘ 0110 ‘ 0lla ‘ fE£ff | ffEf ‘

Description: If ‘f = 0, the next instruction fetched
during the current instruction execution
is discarded and a NOP is executed,
making this a two-cycle instruction. If ‘@’
is ‘0’, the Access Bank will be selected,
overriding the BSR value. If ‘a’ is ‘1’,
then the bank will be selected as per
the BSR value (default).

Words: 1

Cycles: 1(2)

Q Cycle Activity:

Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process No
register ‘f’ Data operation
If skip:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
If skip and followed by 2-word instruction:
Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No
operation operation operation operation
Example: HERE TSTFSZ CNT
NZERO
ZERO
Before Instruction
PC = Address (HERE)
After Instruction
If CNT = 0x00,
PC = Address (ZERO)
If CNT #  0x00,
PC = Address (NZERO)

XORLW Exclusive OR Literal with W
Syntax: [ label] XORLW k
Operands: 0<k<255
Operation: (W) .XOR. k > W
Status Affected: N, Z
Encoding: | 0000 | 1010 | kkkk | kkkk |
Description: The contents of W are XORed with
the 8-bit literal ‘k’. The result is placed
in W.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
literal ‘K’ Data \W
Example: XORLW OxAF
Before Instruction
w = O0xB5
After Instruction
W = Ox1A
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27.2 DC Characteristics: PIC18FXX8 (Industrial, Extended)
PIC18LFXX8 (Industrial)

DC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)

Operating temperature

-40°C < TA < +85°C for industrial

-40°C < TA < +125°C for extended

Param| o 1 bol Characteristic/ Min Max |Units Conditions
No. Device
ViL Input Low Voltage
I/O ports:
D030 with TTL buffer Vss 0.15 VDD V |VDD < 4.5V
DO30A — 0.8 V |45V <VDD<5.5V
D031 with Schmitt Trigger buffer Vss 0.2 VbD \
RC3 and RC4 Vss 0.3 Vbp Vv
D032 MCLR Vss 0.2 VbD Vv
D032A OSC1 (in XT, HS and LP modes) Vss 0.3 Vbp Vv
and T10SI
D033 0OSC1 (in RC mode) Vss 0.2 VDD v
VIH Input High Voltage
I/0O ports:
D040 with TTL buffer 0.25 VDD + 0.8V VDD V |VDD < 4.5V
D040A 2.0 VDD V |45V <VDD<5.5V
D041 with Schmitt Trigger buffer 0.8 VDD VDD \Y
RC3 and RC4 0.7 VbD VDD Vv
D042 MCLR 0.8 VbD VDD Vv
D042A OSC1 (in XT, HS and LP modes) 0.7 VbD VDD Vv
and T10SI
D043 0SC1 (RC mode)" 0.9 VoD VDD Y
L Input Leakage Current(?%)
D060 I/O ports — +1 HA |VSS < VPIN £ VDD,
Pin at high-impedance
D061 MCLR — 5 HA |Vss <VPIN < VDD
D063 OSCH1 — 5 HA |Vss < VPIN £VDD
IPU Weak Pull-up Current
D070 |lpurB |PORTB weak pull-up current 50 450 nA VDD =5V, VPIN = Vss
Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the
PICmicro® 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.
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27.3.2 TIMING CONDITIONS

The temperature and voltages specified in Table 27-5
apply to all timing specifications unless otherwise
noted. Figure 27-5 specifies the load conditions for the

timing specifications.

TABLE 27-5: TEMPERATURE AND VOLTAGE SPECIFICATIONS - AC

AC CHARACTERISTICS

Standard Operating Conditions (unless otherwise stated)
Operating temperature -40°C <TA< +85°C for industrial
-40°C < TA < +125°C for extended
Operating voltage VDD range as described in DC specification,
Section 27.1 “DC Characteristics”.

LF parts operate for industrial temperatures only.

FIGURE 27-5: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS

Load Condition 1

VDD/2

RL

Pin _T_ Cu

Vss

RL = 464Q
CL = 50pF

Load Condition 2

L

Pin T CL

Vss

for all pins except OSC2/CLKO
and including D and E outputs as ports
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FIGURE 28-9: TYPICAL Ipp vs. Fosc OVER Vbb (EC MODE)
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