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PIC18FXX8

TABLE 4-

Address

F7Fh
F7Eh
F7Dh
F7Ch
F7Bh
F7Ah
F79h
F78h
F77h
F76h
F75h
F74h
F73h
F72h
F71h
F70h
F6Fh
F6Eh
F6Dh
F6Ch
F6Bh
F6Ah
F69h
F68h
F67h
F66h
F65h
F64h
F63h
F62h
F61h
F60h

Note 1:

1: SPECIAL FUNCTION REGISTER MAP (CONTINUED)

Name Address Name Address Name Address Name
— F5Fh — F3Fh — F1Fh | RXM1EIDL
— F5Eh | CANSTATRO1( F3Eh | CANSTATRO3(® F1Eh | RXM1EIDH
— F5Dh | RXB1D7 F3Dh | TXB1D7 F1Dh | RXM1SIDL
— F5Ch | RXB1D6 F3Ch | TXB1D6 F1Ch | RXM1SIDH
— F5Bh | RXB1D5 F3Bh | TXB1D5 F1Bh | RXMOEIDL
— F5Ah | RXB1D4 F3Ah | TXB1D4 F1Ah | RXMOEIDH
— F59h | RXB1D3 F39h | TXB1D3 F19h | RXMOSIDL
— F58h | RXB1D2 F38h | TXB1D2 F18h | RXMOSIDH
— F57h | RXB1D1 F37h | TXB1D1 F17h | RXF5EIDL
TXERRCNT F56h | RXB1DO F36h | TXB1DO F16h | RXF5EIDH
RXERRCNT F55h | RXB1DLC F35h | TXB1DLC F15h | RXF5SIDL
COMSTAT F54h | RXB1EIDL F34h | TXB1EIDL F14h | RXF5SIDH
CIOCON F53h | RXB1EIDH F33h | TXB1EIDH F13h | RXF4EIDL
BRGCON3 F52h | RXB1SIDL F32h | TXB1SIDL F12h | RXF4EIDH
BRGCON2 F51h | RXB1SIDH F31h | TXB1SIDH F11h | RXF4SIDL
BRGCON1 F50h | RXB1CON F30h | TXB1CON F10h | RXF4SIDH
CANCON F4Fh — F2Fh — FOFh | RXF3EIDL
CANSTAT F4Eh | CANSTATRO24) F2Eh | CANSTATRO4®) FOEh | RXF3EIDH
RXxBoD7() F4Dh | TXBOD? F2Dh | TXB2D7 FODh | RXF3SIDL
RXBoD6(?) F4Ch | TXBOD6 F2Ch | TXB2D6 FOCh | RXF3SIDH
RXBOD5®) F4Bh | TXBOD5 F2Bh | TXB2D5 FOBh | RXF2EIDL
RXB0oD4() F4Ah | TXBOD4 F2Ah | TXB2D4 FOAh | RXF2EIDH
RXB0OD3() F49h | TXBOD3 F29h | TXB2D3 FO9h | RXF2SIDL
RXB0D2() F48h | TXBOD2 F28h | TXB2D2 Fosh | RXF2SIDH
RXB0oD1() F47h | TXBOD1 F27h | TXB2D1 FO7h | RXF1EIDL
RXB0oDO(®) F46h | TXBODO F26h | TXB2DO Foeh | RXF1EIDH
RXBoODLC®) F45h | TXBODLC F25h | TXB2DLC FO5h | RXF1SIDL
RXBOEIDL(®) F44h | TXBOEIDL F24h | TXB2EIDL F04h | RXF1SIDH
RXBOEIDH®) F43h | TXBOEIDH F23h | TXB2EIDH FO3h | RXFOEIDL
RXBOSIDL®) F42h | TXBOSIDL F22h | TXB2SIDL FO02h | RXFOEIDH
RXBOSIDH®) F41h | TXBOSIDH F21h | TXB2SIDH FO1h | RXFOSIDL
RXBOCON(®) F40h | TXBOCON F20h | TXB2CON FOOh | RXFOSIDH
Note: Shaded registers are available in Bank 15, while the rest are in Access Bank low.

Unimplemented registers are read as ‘0.

This is not a physical register.
Contents of register are dependent on WIN2:WINO bits in the CANCON register.

CANSTAT register is repeated in these locations to simplify application firmware. Unique names are given
for each instance of the CANSTAT register due to the Microchip header file requirement.

These registers are not implemented on the PIC18F248 and PIC18F258.
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PIC18FXX8

REGISTER 5-1:

bit 7

bit 6

bit 5
bit 4

bit 3

bit 2

bit 1

bit 0

EECON1: EEPROM CONTROL REGISTER 1

R/W-x R/W-x u-0 R/W-0 R/W-x R/W-0 R/S-0 R/S-0
EEPGD | CFGS — FREE | WRERR | WREN WR RD
bit 7 bit 0

EEPGD: Flash Program or Data EEPROM Memory Select bit

1 = Access program Flash memory

0 = Access data EEPROM memory

CFGS: Flash Program/Data EE or Configuration Select bit

1 = Access Configuration registers

0 = Access program Flash or data EEPROM memory

Unimplemented: Read as ‘0’

FREE: Flash Row Erase Enable bit

1 = Erase the program memory row addressed by TBLPTR on the next WR command
(reset by hardware)

0 = Perform write only

WRERR: Write Error Flag bit

1 = A write operation is prematurely terminated
(any MCLR or any WDT Reset during self-timed programming in normal operation)

0 = The write operation completed

Note: When a WRERR occurs, the EEPGD or FREE bits are not cleared. This allows
tracing of the error condition.

WREN: Write Enable bit

1 = Allows write cycles

0 = Inhibits write to the EEPROM or Flash memory

WR: Write Control bit

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

0 = Write cycle is complete

RD: Read Control bit

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

0 = Does not initiate an EEPROM read

Legend:
R = Readable bit W = Writable bit S = Settable bit U = Unimplemented bit, read as ‘0’
-n =Value at POR ‘1’ =Bitis set ‘0’ =Bitis cleared  x = Bit is unknown
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5.5 Write Verify

Depending on the application, good programming
practice may dictate that the value written to the
memory should be verified against the original value.
This should be used in applications where excessive
writes can stress bits near the specification limit.

Generally, a write failure will be a bit which was written
as a ‘1’, but reads back as a ‘0’ (due to leakage off the
cell).

5.6 Protection Against Spurious Write

There are conditions when the device may not want to
write to the data EEPROM memory. To protect against
spurious EEPROM writes, various mechanisms have
been built-in. On power-up, the WREN bit is cleared.
Also, the Power-up Timer (72 ms duration) prevents
EEPROM write.

The write initiate sequence and the WREN bit together
reduce the probability of an accidental write during
brown-out, power glitch or software malfunction.

EXAMPLE 5-3:

5.7 Operation During Code-Protect

Data EEPROM memory has its own code-protect
mechanism. External read and write operations are
disabled if either of these mechanisms are enabled.

The microcontroller itself can both read and write to the
internal data EEPROM, regardless of the state of the
code-protect configuration bit. Refer to Section 24.0
“Special Features of the CPU” for additional
information.

5.8 Using the Data EEPROM

The data EEPROM is a high-endurance, byte address-
able array that has been optimized for the storage of
frequently changing information (e.g., program
variables or other data that are updated often).
Frequently changing values will typically be updated
more often than specification D124 or D124A. If this is
not the case, an array refresh must be performed. For
this reason, variables that change infrequently (such as
constants, IDs, calibration, etc.) should be stored in
Flash program memory. A simple data EEPROM
refresh routine is shown in Example 5-3.

Note: If data EEPROM is only used to store
constants and/or data that changes rarely,
an array refresh is likely not required. See

specification D124 or D124A.

DATA EEPROM REFRESH ROUTINE

CLRF EEADR ; Start at address 0
BCF EECON1, CFGS ; Set for memory
BCF EECON1, EEPGD ; Set for Data EEPROM
BCF INTCON, GIE ; Disable interrupts
BSF EECON1, WREN ; Enable writes
Loop ; Loop to refresh array
BSF EECON1, RD ; Read current address
MOVLW 55h ;
MOVWF EECON2 ; Write 55h
MOVLW 0AAh ;
MOVWF EECON2 ; Write AAh
BSF EECON1, WR ; Set WR bit to begin write
BTFSC EECON1, WR ; Wait for write to complete
BRA $-2
INCFSZ EEADR, F ; Increment address
BRA Loop ; Not zero, do it again
BCF EECON1, WREN ; Disable writes
BSF INTCON, GIE ; Enable interrupts
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NOTES:
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FIGURE 6-2: TABLE WRITE OPERATION

Instruction: TBLWT™

Program Memory
Holding Registers

Table Pointer(")

TBLPTRU | TBLPTRH = TBLPTRL

Program Memory
(TBLPTR)

Table Latch (8-bit)
TABLAT

Program Memory”.

Note 1: Table Pointer actually points to one of eight holding registers, the address of which is determined by TBLPTRL<2:0>.
The process for physically writing data to the program memory array is discussed in Section 6.5 “Writing to Flash

6.2 Control Registers

Several control registers are used in conjunction with
the TBLRD and TBLWT instructions. These include the:

* EECONT1 register
¢ EECONB2 register
e TABLAT register

e TBLPTR registers

6.2.1 EECON1 AND EECON2 REGISTERS
EECONT1 is the control register for memory accesses.

EECONZ2 is not a physical register. Reading EECON2
will read all ‘0’'s. The EECON2 register is used
exclusively in the memory write and erase sequences.

Control bit EEPGD determines if the access will be a
program or data EEPROM memory access. When
clear, any subsequent operations will operate on the
data EEPROM memory. When set, any subsequent
operations will operate on the program memory.

Control bit CFGS determines if the access will be to the
Configuration/Calibration registers or to program
memory/data  EEPROM memory. When set,
subsequent operations will operate on Configuration
registers regardless of EEPGD (see Section 24.0
“Special Features of the CPU”). When clear, memory
selection access is determined by EEPGD.

The FREE bit, when set, will allow a program memory
erase operation. When the FREE bit is set, the erase
operation is initiated on the next WR command. When
FREE is clear, only writes are enabled.

The WREN bit, when set, will allow a write operation.
On power-up, the WREN bit is clear. The WRERR bit is
set when a write operation is interrupted by a MCLR
Reset or a WDT Time-out Reset during normal opera-
tion. In these situations, the user can check the
WRERR bit and rewrite the location. It is necessary to
reload the data and address registers (EEDATA and
EEADR) due to Reset values of zero.

Control bits, RD and WR, initiate read and write opera-
tions, respectively. These bits cannot be cleared, only
set, in software. They are cleared in hardware at the
completion of the read or write operation. The inability
to clear the WR bit in software prevents the accidental
or premature termination of a write operation. The RD
bit cannot be set when accessing program memory
(EEPGD = 1).

Note: Interrupt flag bit, EEIF in the PIR2 register,
is set when write is complete. It must be

cleared in software.

DS41159E-page 66

© 2006 Microchip Technology Inc.



PIC18FXX8

REGISTER 8-9:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

PIE3: PERIPHERAL INTERRUPT ENABLE REGISTER 3

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
IRXIE WAKIE ERRIE TXB2IE | TXB1IE | TXBOIE | RXB1IE | RXBOIE
bit 7 bit 0

IRXIE: Invalid CAN Message Received Interrupt Enable bit

1 = Enables the invalid CAN message received interrupt
0 = Disables the invalid CAN message received interrupt

WAKIE: Bus Activity Wake-up Interrupt Enable bit

1 = Enables the bus activity wake-up interrupt
0 = Disables the bus activity wake-up interrupt
ERRIE: CAN bus Error Interrupt Enable bit

1 = Enables the CAN bus error interrupt

0 = Disables the CAN bus error interrupt
TXB2IE: Transmit Buffer 2 Interrupt Enable bit
1 = Enables the Transmit Buffer 2 interrupt

0 = Disables the Transmit Buffer 2 interrupt
TXB1IE: Transmit Buffer 1 Interrupt Enable bit
1 = Enables the Transmit Buffer 1 interrupt

0 = Disables the Transmit Buffer 1 interrupt
TXBOIE: Transmit Buffer 0 Interrupt Enable bit
1 = Enables the Transmit Buffer 0 interrupt

0 = Disables the Transmit Buffer 0 interrupt
RXB1IE: Receive Buffer 1 Interrupt Enable bit
1 = Enables the Receive Buffer 1 interrupt

0 = Disables the Receive Buffer 1 interrupt
RXBOIE: Receive Buffer 0 Interrupt Enable bit

1 = Enables the Receive Buffer 0 interrupt
0 = Disables the Receive Buffer 0 interrupt

Legend:
R = Readable bit W = Writable bit
-n = Value at POR ‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown

© 2006 Microchip Technology Inc.
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FIGURE 9-6: RB2/CANTX/INT2 PIN BLOCK DIAGRAM
OPMODE2:0PMODEO = 000 {>C
ENDRHI
CANTX DC
—10
RD LATB VDD
Data Latch 1 T
Data Bus D Q P
WR PORTB or
WR LATB ckg |
TRIS Latch RB2/CANTX/
D Q INT2 pin(
— L1
WR TRISB ) cKQ /
Vss
B Sonms
EN
RD PORTB . DC
Note 1: I/O pin has diode protection to VDD and Vss.
FIGURE 9-7: RB3/CANRX PIN BLOCK DIAGRAM
CANCON<7:5> VDD
RBPU® ﬂ:}_{ p Weak
Data Latch Pull-up
Data Bus D Q ™~
WR LATB or PORTB VO pin)
CK
TRIS Latch
D Q
WR TRISB
CK\_
<] TTL :7
RD TRISB N Input
q
RD LATB g
/I Q D
EN
RD PORTB Do
RB3 or CANRX _—|
‘ Schmitt Trigger
Buffer

Note 1: I/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS bit(s) and clear the RBPU bit INTCON2<7>).
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TABLE 15-3: REGISTERS ASSOCIATED WITH 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/ PEIE/ TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF  |0000 000x|0000 000u
GIEH GIEL
PIR1 PSPIF(M ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF (0000 0000|0000 0000
PIE1 PSPIEM ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMR1IE [0000 0000|0000 0000
IPR1 PSPIP( ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP 1111 1111|1111 1111
TRISD PORTD Data Direction Register 1111 1111|1111 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 RD16 —  |11ckPst|TiCKPSO| T10SCEN | TTSYNC | TMR1CS | TMR1ON [0-00 0000[u-uu wuuu
CCPR1L Capture/Compare/PWM Register 1 (LSB) XXXX XXXX|[uuuu uuuu
CCPR1H Capture/Compare/PWM Register 1 (MSB) XXXX XXXX|[uuuu uuuu
CCP1CON — — DC1B1 DC1B0 | CCP1M3 | CCP1M2 | CCP1M1 | CCP1MO [--00 0000(--00 0000
PIR2 — CMIF — EEIF BCLIF LVDIF TMRS3IF | ECCP1IF |-0-0 0000|{-0-0 0000
PIE2 — CMIE — EEIE BCLIE LVDIE TMRSIE | ECCP1IE |-0-0 0000|-0-0 0000
IPR2 — CMIP — EEIP BCLIP LVDIP | TMR3IP | ECCP1IP |-1-1 1111{-1-1 1111
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| TaccP1 | TBSYNC | TMR3CS | TMRSON |0000 0000|uuuu wuuu
Legend: x =unknown, u=unchanged, - = unimplemented, read as ‘0’. Shaded cells are not used by Capture and Timer1.
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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16.5.3 FULL-BRIDGE MODE

In Full-Bridge Output mode, four pins are used as out-
puts; however, only two outputs are active at a time. In
the Forward mode, pin RD4/PSP4/ECCP1/P1A is con-
tinuously active and pin RD7/PSP7/P1D is modulated.
In the Reverse mode, RD6/PSP6/P1C pin is continu-
ously active and RD5/PSP5/P1B pin is modulated.
These are illustrated in Figure 16-5.

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

FIGURE 16-5: FULL-BRIDGE PWM OUTPUT
FORWARD MODE
! Period | .
|‘ | V| !
P1A®) = ' | :
' Duty Cycle : : |
I | !
P18 : | I I
| [ T f
| I I I
| I I I
p1c® I I I I
T [ T T
I I I I
I I I I
piD® [ ] 1
| i | i
() ! (M f
REVERSE MODE
Period
Duty Cycle

P1A@)

pra® |

P1Cc®@

P1D®@

)

2: Output signal is shown as asserted high.

Note 1: At this time, the TMR2 register is equal to the PR2 register.

(1

© 2006 Microchip Technology Inc.
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17.3.5 MASTER MODE

The master can initiate the data transfer at any time
because it controls the SCK. The master determines
when the slave (Processor 2, Figure 17-2) is to
broadcast data by the software protocol.

In Master mode, the data is transmitted/received as
soon as the SSPBUF register is written to. If the SPI is
only going to receive, the SDO output could be dis-
abled (programmed as an input). The SSPSR register
will continue to shift in the signal present on the SDI pin
at the programmed clock rate. As each byte is
received, it will be loaded into the SSPBUF register as
if a normal received byte (interrupts and status bits
appropriately set). This could be useful in receiver
applications as a “Line Activity Monitor” mode.

FIGURE 17-3:

The clock polarity is selected by appropriately program-
ming the CKP bit (SSPCON1<4>). This then, would
give waveforms for SPI communication as shown in
Figure 17-3, Figure 17-5 and Figure 17-6, where the
MSB is transmitted first. In Master mode, the SPI clock
rate (bit rate) is user programmable to be one of the
following:

e Fosc/4 (or Tcy)

e FOsc/16 (or 4 « Tcy)
e FOSC/64 (or 16 ¢ TCY)
e Timer2 output/2

This allows a maximum data rate (at 40 MHz) of
10.00 Mbps.

Figure 17-3 shows the waveforms for Master mode.
When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. The change of the input
sample is shown based on the state of the SMP bit. The
time when the SSPBUF is loaded with the received
data is shown.

SPI™ MODE WAVEFORM (MASTER MODE)

Write to

SSPBUF i

SCK
(CKP =0

CKE = 0)

SCK
(CKP =1

CKE = 0)

4 Clock
Modes

SCK
(CKP =0
CKE =1)

SCK
(CKP =1

CKE = 1)

|
|
1
|
|
SDO p<_bit7

(CKE = 0)

|
b|t6|>< bit 5 |>< bit 4 |>< b|t3|>< blt2|>< b|t1|>< bit,

(CKE = 1)

(SMP =0) | pit7 | | |

|
SDO |>< bit 7 I>< bit 6 ><b|t5 '>< bit 4 >< bn3'>< b|t2'>< b|t1: bito™>
P S SIS S A

| | | bito |

(SMP = 0) ! ! ! !

(SMP =1)

Sample
(SMP =1)
SSPIF

|
nput A N S

SSPSR to
SSPBUF

} 4 NextQ4cycle
after Q20
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12C™ MASTER MODE WAVEFORM (TRANSMISSION, 7 OR 10-BIT ADDRESS)

FIGURE 17-21

L

|
]
L

N3d

2lem|o

PR, JERSPR R AUy SR

ul pares|n

] N3S

9JemMyjos Ul usium sl 4N9dSS |« uspum 4N9dss 1«

_‘ \ (<0>1VLSdsSS) 49

9JEMYOS Ul pases|) lh

1dnueiul 4SS wouy
! BUNINOJ BOIAISS SIBMYOS Ul PIEDID — |

T =2¢NOOJdSS
ul 1IVISMOV

] 4idss

41dSS 01 spuodsai
\ Ndoaum
MO| play 10S

10s
JWISuel) Yels Lo
_>|>\I pue ssaippe 1q-/ Yum usylim 4NgdSS lﬁ -
o=y A\ wYavhew o XevovXav/t 0\ vas
MOV S$S8IPPY UG-01 40 0=MH BAB|S 0} SS8IppPY Nwsuel | Lo
- JleH puo2as Jo eyeq Bunywsuel | - L
0=N3S

<9>ZNOQdSS 19 LVLSMOV Jeejo ‘ane|s woid suibaq uoiIpuod el

T =N3S <0>ZNOJdSS 1M
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17.4.17.2 Bus Collision During a Repeated
Start Condition

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

a) Alow level is sampled on SDA when SCL goes

from low level to high level.

SCL goes low before SDA is asserted low,
indicating that another master is attempting to
transmit a data ‘1°.

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’, Figure 17-29).
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
(Figure 17-30).

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 17-29: 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 17-30: BUS COLLISION DURING A REPEATED START CONDITION (CASE 2)
| TBRG i TBRG i
SDA /il
SCL /
SCL goes low before SDA,
BCLIF set BCLIF. Release SDA and SCL. |
Interrupt cleared
in software
RSEN |
S o
SSPIF
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18.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and
Synchronous modes of the USART. It is a dedicated
8-bit Baud Rate Generator. The SPBRG register
controls the period of a free running, 8-bit timer. In
Asynchronous mode, bit BRGH (TXSTA register) also
controls the baud rate. In Synchronous mode, bit
BRGH is ignored. Table 18-1 shows the formula for
computation of the baud rate for different USART
modes which only apply in Master mode (internal
clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG register can be calculated
using the formula in Table 18-1. From this, the error in
baud rate can be determined.

EXAMPLE 18-1:

Example 18-1 shows the calculation of the baud rate
error for the following conditions:

Fosc = 16 MHz

Desired Baud Rate = 9600

BRGH =0

SYNC =0
It may be advantageous to use the high baud rate
(BRGH = 1) even for slower baud clocks. This is

because the FOsSc/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared). This ensures the
BRG does not wait for a timer overflow before
outputting the new baud rate.

18.1.1 SAMPLING

The data on the RC7/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

CALCULATING BAUD RATE ERROR

Desired Baud Rate Fosc/(64 (X + 1))

Error

Solving for X:
X = ((Fosc/Desired Baud Rate)/64) — 1
X = ((16000000/9600)/64) — 1
X = [25.042] =25
Calculated Baud Rate = 16000000/(64 (25 + 1))
= 9615

(Calculated Baud Rate — Desired Baud Rate)

(9615 — 9600)/9600
0.16%

Desired Baud Rate

TABLE 18-1: BAUD RATE FORMULA

SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)
0 (Asynchronous) Baud Rate = FOsc/(64 (X + 1)) Baud Rate = FOsc/(16 (X + 1))
1 (Synchronous) Baud Rate = Fosc/(4 (X + 1)) NA

Legend: X =value in SPBRG (0 to 255)

TABLE 18-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Value on Value on

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

Resets

TXSTA CSRC TX9 | TXEN | SYNC — BRGH | TRMT | TX9D | 0000 -010 0000 -010

RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D | 0000 000x | 0000 000u

SPBRG | Baud Rate Generator Register

0000 0000 0000 0000

Legend: x =unknown, - = unimplemented, read as ‘0’. Shaded cells are not used by the BRG.
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18.3 USART Synchronous
Master Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA register).
In addition, enable bit SPEN (RCSTA register) is set in
order to configure the RC6/TX/CK and RC7/RX/DT 1/O
pins to CK (clock) and DT (data) lines, respectively. The
Master mode indicates that the processor transmits the
master clock on the CK line. The Master mode is
entered by setting bit CSRC (TXSTA register).

USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 18-1. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSR). The shift register obtains
its data from the Read/Write Transmit Buffer register
(TXREG). The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcy), the TXREG is empty and interrupt
bit TXIF (PIR1 register) is set. The interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
(PIE1 register). Flag bit TXIF will be set regardless of
the state of enable bit TXIE and cannot be cleared in

18.3.1

software. It will reset only when new data is loaded into
the TXREG register. While flag bit, TXIF, indicates the
status of the TXREG register, another bit, TRMT
(TXSTA register), shows the status of the TSR register.
TRMT is a read-only bit which is set when the TSR is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR
register is empty. The TSR is not mapped in data
memory, so it is not available to the user.

Steps to follow when setting up a Synchronous Master
Transmission:

1. Initialize the SPBRG register for the appropriate
baud rate (Section 18.1 “USART Baud Rate
Generator (BRG)”).

2. Enable the synchronous master serial port by
setting bits SYNC, SPEN and CSRC.

If interrupts are desired, set enable bit TXIE.

If 9-bit transmission is desired, set bit TX9.
Enable the transmission by setting bit TXEN.
If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Starttransmission by loading data to the TXREG
register.

o0 sw

Note: TXIF is not cleared immediately upon
loading data into the transmit buffer
TXREG. The flag bit becomes valid in the
second instruction cycle following the load

instruction.

TABLE 18-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION
Value on Value on
Name Bit 7 Bit 6 Bit5 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(M ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000 | 0000 0000
PIE1 PsPIE™ ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
IPR1 PSPIP() ADIP RCIP TXIP | SSPIP | CCP1IP | TMR2IP | TMR1IP | 1111 1111 | 1111 1111
RCSTA SPEN RX9 SREN | CREN | ADDEN | FERR OERR RX9D | 0000 000x | 0000 000u
TXREG |USART Transmit Register 0000 0000 | 0000 0000
TXSTA | CSRC TX9 | TXEN [sYNc | — [ BRGH | TRMT | TX9D | 0000 -010 | 0000 -010
SPBRG |Baud Rate Generator Register 0000 0000 | 0000 0000
Legend: x =unknown, - = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.
Note 1: These registers or register bits are not implemented on the PIC18F248 and PIC18F258 and read as ‘0’s.
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19.2.6 CAN INTERRUPT REGISTERS

The registers in this section are the same as described
in Section 8.0 “Interrupts”. They are duplicated here
for convenience.

REGISTER 19-33: PIR3: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 3
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

IRXIF | WAKIF | ERRIF | TXB2IF | TXB1IF | TXBOIF | RXB1IF | RXBOIF

bit 7 bit 0

bit 7 IRXIF: CAN Invalid Received Message Interrupt Flag bit
1 = An invalid message has occurred on the CAN bus
0 = No invalid message on CAN bus
bit 6 WAKIF: CAN bus Activity Wake-up Interrupt Flag bit
1 = Activity on CAN bus has occurred
0 = No activity on CAN bus
bit 5 ERRIF: CAN bus Error Interrupt Flag bit
1 = An error has occurred in the CAN module (multiple sources)
0 = No CAN module errors
bit 4 TXB2IF: CAN Transmit Buffer 2 Interrupt Flag bit
1 = Transmit Buffer 2 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 2 has not completed transmission of a message
bit 3 TXB1IF: CAN Transmit Buffer 1 Interrupt Flag bit
1 = Transmit Buffer 1 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 1 has not completed transmission of a message
bit 2 TXBOIF: CAN Transmit Buffer 0 Interrupt Flag bit
1 = Transmit Buffer 0 has completed transmission of a message and may be reloaded
0 = Transmit Buffer 0 has not completed transmission of a message
bit 1 RXB1IF: CAN Receive Buffer 1 Interrupt Flag bit
1 = Receive Buffer 1 has received a new message
0 = Receive Buffer 1 has not received a new message
bit 0 RXBOIF: CAN Receive Buffer 0 Interrupt Flag bit

1 = Receive Buffer 0 has received a new message
0 = Receive Buffer 0 has not received a new message

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 20-2:

bit 7

bit 6

ADCON1: A/D CONTROL REGISTER 1

R/W-0 R/W-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
ADFM ADCS2 = = PCFG3 PCFG2 PCFG1 PCFGO
bit 7 bit 0

ADFM: A/D Result Format Select bit

1 = Right justified. Six (6) Most Significant bits of ADRESH are read as ‘0’.
0 = Left justified. Six (6) Least Significant bits of ADRESL are read as ‘0’.

ADCS2: A/D Conversion Clock Select bit (ADCON1 bits in bold)

ADCON1 ADCONO Clock Conversion
<ADCS2> |<ADCS1:ADCSO0>
] 00 Fosc/2
] 01 Fosc/8
] 10 Fosc/32
0 11 FRC (clock derived from the internal A/D RC oscillator)
1 00 Fosc/4
1 01 Fosc/16
1 10 Fosc/64
1 11 FRC (clock derived from the internal A/D RC oscillator)

bit 5-4 Unimplemented: Read as ‘0’
bit 3-0 PCFG3:PCFGO: A/D Port Configuration Control bits

PCFG | AN7 | AN6 | AN5 | AN4 AN3 AN2 | AN1 | ANO | VREF+ | VREF- C/R
0000 A A A A A A A A VDD Vss 8/0
0001 A A A A VREF+ A A A AN3 Vss v
0010 D D D A A A A A VDD Vss 5/0
0011 D D D A VREF+ A A A AN3 Vss 41
0100 D D D D A D A A VDD Vss 3/0
0101 D D D D VREF+ D A A AN3 Vss 211
011x D D D D D D D D — — 0/0
1000 A A A A VREF+ | VREF- A A AN3 AN2 6/2
1001 D D A A A A A A VDD Vss 6/0
1010 D D A A VREF+ A A A AN3 Vss 5/1
1011 D D A A VREF+ | VREF- A A AN3 AN2 4/2
1100 D D D A VREF+ | VREF- A A AN3 AN2 3/2
1101 D D D D VREF+ | VREF- A A AN3 AN2 2/2
1110 D D D D D D D A VDD Vss 1/0
1111 D D D D VREF+ | VREF- D A AN3 AN2 12

A = Analog input D = Digital I/O
C/R = # of analog input channels/# of A/D voltage references

Note: Shaded cells indicate channels available only on PIC18F4X8 devices.

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

Note:  On any device Reset, the port pins that are multiplexed with analog functions (ANXx)
are forced to be analog inputs.
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The value that is in the ADRESH/ADRESL registers is
not modified for a Power-on Reset. The ADRESH/
ADRESL registers will contain unknown data after a
Power-on Reset.

After the A/D module has been configured as desired,
the selected channel must be acquired before the
conversion is started. The analog input channels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 20.1
“A/D Acquisition Requirements”. After this acquisi-
tion time has elapsed, the A/D conversion can be
started. The following steps should be followed for
doing an A/D conversion:

1. Configure the A/D module:

* Configure analog pins, voltage reference and
digital /O (ADCONT1)

¢ Select A/D input channel (ADCONO)
¢ Select A/D conversion clock (ADCONO)
e Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if desired):
* Clear ADIF bit

6. Read A/D Result registers (ADRESH/ADRESL);
clear bit ADIF if required.

7. For next conversion, go to step 1 or step 2 as
required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2 TAD is
required before next acquisition starts.

20.1 A/D Acquisition Requirements

For the A/D converter to meet its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model is shown in Figure 20-2. The
source impedance (Rs) and the internal sampling
switch (Rss) impedance directly affect the time
required to charge the capacitor CHOLD. The sampling
switch (Rss) impedance varies over the device voltage
(VDD). The source impedance affects the offset voltage
at the analog input (due to pin leakage current). The
maximum recommended impedance for analog
sources is 2.5 kQ. After the analog input channel is
selected (changed), this acquisition must be done
before the conversion can be started.

* SetADIE _blt Note: When the conversion is started, the
* Set GIE bit holding capacitor is disconnected from the
3. Wait the required acquisition time. input pin.
4. Start conversion:
* Set GO/DONE bit (ADCONO)
5. Wait for A/D conversion to complete, by either:
¢ Polling for the GO/DONE bit to be cleared
OR
* Waiting for the A/D interrupt
FIGURE 20-2: ANALOG INPUT MODEL
VDD
Sampling
Switch
vr=06v ...

Ric<tk ' SS Rss !

. . 5pF —" VT = 0.6V

| LEAKAGE

CHoLD = 120 pF

+500 nA T
J’_V

Ss

Legend:CPIN = input capacitance
VT = threshold voltage

various junctions

| LEAKAGE = leakage current at the pin due to

Ric = interconnect resistance
SS = sampling switch
CHoLD = sample/hold capacitance (from DAC)

6V
5V
VoD 4V
3V
2V

5678910 11

Sampling Switch (kQ)
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Status Affected:
Encoding:
Description:

Words:
Cycles:

Q Cycle Activity:

INCFSZ Increment f, Skip if 0
Syntax: [label] INCFSzZ f[,d[,a]]
Operands: 0<f<255

d e [0,1]

ae [0,1]
Operation: (f) + 1 — dest,

skip if result = 0

None

| 0011 ‘ llda | ffff ‘ ffff |

The contents of register ‘f’ are
incremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d’ is ‘1’, the result is
placed back in register ‘f’ (default).

If the result is ‘0’, the next instruction
which is already fetched is discarded
and a NOP is executed instead, making
it a two-cycle instruction. If ‘a’ is ‘0’, the
Access Bank will be selected,
overriding the BSR value. If ‘a’ = 1, then
the bank will be selected as per the
BSR value (default).

1

1(2)
Note: 3 cycles if skip and followed
by a 2-word instruction.

Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
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 INCFSZ CNT
NZERO
ZERO

Before Instruction

PC

= Address (HERE)

After Instruction

CNT

If CNT
PC

If CNT
PC

CNT + 1

0;
Address (ZERO)

N

Aﬁdress (NZERO)

Status Affected:
Encoding:
Description:

Words:
Cycles:

Q Cycle Activity:

INFSNZ Increment f, Skip if not 0
Syntax: [label] INFSNzZ f[,d[,a]]
Operands: 0<f<255

d e [0,1]

ae [0,1]
Operation: (f) + 1 — dest,

skip if result # 0

None

| 0100 | 1l0da ‘ ffff ‘ ffff |

The contents of register ‘f’ are
incremented. If ‘d’ is ‘0’, the result is
placed in W. If ‘d" is ‘1, the result is
placed back in register ‘f’ (default).

If the result is not ‘0’, the next
instruction which is already fetched is
discarded and a NOP is executed
instead, making it a two-cycle
instruction. If ‘a’ is ‘0’, the Access Bank
will be selected, overriding the BSR
value. If ‘@’ = 1, then the bank will be
selected as per the BSR value (default).

1

1(2)

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

Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
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 INFSNZ REG
ZERO
NZERO

Before Instruction

PC

= Address (HERE)

After Instruction

REG

If REG
PC

If REG
PC

REG + 1

0;
Address (NZERO)

I

Aﬁdress (ZERO)
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IORLW Inclusive OR Literal with W
Syntax: [ label] IORLW k
Operands: 0<k<255
Operation: (W) OR. k> W
Status Affected: N, Z
Encoding: ‘ 0000 | 1001 ‘ kkkk | kkkk ‘
Description: The contents of W are ORed with the
eight-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 W
literal ‘K’ Data
Example: IORLW 0x35
Before Instruction
w = Ox9A
After Instruction
w = OxBF

IORWF Inclusive OR W with f
Syntax: [ label] IORWF f[,d[,a]]
Operands: 0<f<255
de [0,1]
ae [0,1]
Operation: (W) .OR. (f) - dest
Status Affected: N, Z
Encoding: | ooo1 | ooda | fref | £frrf |
Description: Inclusive OR W with register ‘f’. If ‘d’ is
‘0’, the result is placed in W. If ‘d’ is ‘1,
the result is placed back in register ‘f’
(default). If ‘a’ is ‘0, the Access Bank
will be selected, overriding the BSR
value. If ‘a’ = 1, then the bank will be
selected as per the BSR value (default).
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: IORWF RESULT, W
Before Instruction
RESULT = 0x13
w = 0x91
After Instruction
RESULT = 0x13
w = 0x93
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FIGURE 28-9: TYPICAL Ipp vs. Fosc OVER Vbb (EC MODE)
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