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PIC18CXX2

TABLE 1-2: PI1C18C2X2 PINOUT I/O DESCRIPTIONS (CONTINUED)
Pin Name Pin Number | pin Buffer Description
DIP | soic| Type| Type
PORTB is a bi-directional 1/0 port. PORTB can be software
programmed for internal weak pull-ups on all inputs.
RBO/INTO 21 21
RBO 110 TTL Digital 1/0.
INTO | ST External Interrupt 0.
RB1/INT1 22 22
RB1 /0 TTL
INT1 | ST External Interrupt 1.
RB2/INT2 23 23
RB2 /0 TTL Digital I/0.
INT2 | ST External Interrupt 2.
RB3/CCP2 24 24
RB3 /0 TTL Digital I/0.
CCP2 110 ST Capture2 input, Compare2 output, PWM2 output.
RB4 25 25 I/0 TTL Digital I/0.
Interrupt-on-change pin.
RB5 26 26 I} TTL Digital I/0.
Interrupt-on-change pin.
RB6 27 27 I/0 TTL Digital I/0.
Interrupt-on-change pin.
| ST ICSP programming clock.
RB7 28 28 11O TTL Digital 1/0.
Interrupt-on-change pin.
1/0 ST ICSP programming data.

Legend: TTL = TTL compatible input

ST = Schmitt Trigger input with CMOS levels

O = Output
OD = Open Drain (no P diode to VDD)

CMOS = CMOS compatible input or output
I = Input
P = Power
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PIC18CXX2

REGISTER 4-1: STKPTR REGISTER
R/C-0 R/C-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
STKFUL | STKUNF — SP4 SP3 SP2 SP1 SPO
bit 7 bit 0
bit 7 STKFUL: Stack Full Flag bit
1 = Stack became full or overflowed
0 = Stack has not become full or overflowed
bit 6V STKUNF: Stack Underflow Flag bit
1 = Stack underflow occurred
0 = Stack underflow did not occur
bit 5 Unimplemented: Read as '0'
bit 4-0 SP4:SP0: Stack Pointer Location bits
Note 1: Bit7 and hit 6 can only be cleared in user software or by a POR.
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
FIGURE 4-3: RETURN ADDRESS STACK AND ASSOCIATED REGISTERS

TOSU TOSH TOSL
[ 0x00 | [ Ox1A | [ 0x34 |
A A A
L» Top-of-Stack

Return Address Stack

11111
11110
11101
STKPTR<4:0>

-

00011/

0x001A34 [00010
0x000D58 [00001
00000

4.2.3 PUSH AND POP INSTRUCTIONS

Since the Top-of-Stack (TOS) is readable and writable,
the ability to push values onto the stack and pull values
off the stack, without disturbing normal program execu-
tion, is a desirable option. To push the current PC value
onto the stack, a PUSH instruction can be executed.
This will increment the stack pointer and load the cur-
rent PC value onto the stack. TOSU, TOSH and TOSL
can then be modified to place a return address on the
stack.

The ability to pull the TOS value off of the stack and
replace it with the value that was previously pushed
onto the stack, without disturbing normal execution, is
achieved by using the POP instruction. The POP instruc-
tion discards the current TOS by decrementing the
stack pointer. The previous value pushed onto the
stack then becomes the TOS value.

424 STACK FULL/UNDERFLOW RESETS

These resets are enabled by programming the
STVREN configuration bit. When the STVREN bit is
disabled, a full or underflow condition will set the appro-
priate STKFUL or STKUNF bit, but not cause a device
RESET. When the STVREN bit is enabled, a full or
underflow will set the appropriate STKFUL or STKUNF
bit and then cause a device RESET. The STKFUL or
STKUNF bits are only cleared by the user software or
a POR Reset.
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PIC18CXX2

4.9 Data Memory Organization

The data memory is implemented as static RAM. Each
register in the data memory has a 12-bit address,
allowing up to 4096 bytes of data memory. Figure 4-6
and Figure 4-7 show the data memory organization for
the PIC18CXX2 devices.

The data memory map is divided into as many as 16
banks that contain 256 bytes each. The lower 4 bits of
the Bank Select Register (BSR<3:0>) select which
bank will be accessed. The upper 4 bits for the BSR are
not implemented.

The data memory contains Special Function Registers
(SFR) and General Purpose Registers (GPR). The
SFRs are used for control and status of the controller
and peripheral functions, while GPRs are used for data
storage and scratch pad operations in the user’s appli-
cation. The SFRs start at the last location of Bank 15
(OxFFF) and extend downwards. Any remaining space
beyond the SFRs in the Bank may be implemented as
GPRs. GPRs start at the first location of Bank 0 and
grow upwards. Any read of an unimplemented location
will read as '0’s.

The entire data memory may be accessed directly, or
indirectly. Direct addressing may require the use of the
BSR register. Indirect addressing requires the use of a
File Select Register (FSRn) and corresponding Indirect
File Operand (INDFn). Each FSR holds a 12-bit
address value that can be used to access any location
in the Data Memory map without banking.

The instruction set and architecture allow operations
across all banks. This may be accomplished by indirect
addressing or by the use of the MOVFF instruction. The
MOVFF instruction is a two-word/two-cycle instruction
that moves a value from one register to another.

To ensure that commonly used registers (SFRs and
select GPRs) can be accessed in a single cycle,
regardless of the current BSR values, an Access Bank
is implemented. A segment of Bank 0 and a segment of
Bank 15 comprise the Access RAM. Section 4.10 pro-
vides a detailed description of the Access RAM.

4.9.1 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly, or indi-
rectly. Indirect addressing operates using the File
Select Registers (FSRn) and corresponding Indirect
File Operand (INDFn). The operation of indirect
addressing is shown in Section 4.12.

Enhanced MCU devices may have banked memory in
the GPR area. GPRs are not initialized by a Power-on
Reset and are unchanged on all other RESETS.

Data RAM is available for use as GPR registers by all
instructions. The top half of bank 15 (OxF80 to OxFFF)
contains SFRs. All other banks of data memory contain
GPR registers, starting with bank 0.

4.9.2 SPECIAL FUNCTION REGISTERS

The Special Function Registers (SFRs) are registers
used by the CPU and Peripheral Modules for control-
ling the desired operation of the device. These regis-
ters are implemented as static RAM. A list of these
registers is given in Table 4-1 and Table 4-2.

The SFRs can be classified into two sets; those asso-
ciated with the “core” function and those related to the
peripheral functions. Those registers related to the
“core” are described in this section, while those related
to the operation of the peripheral features are
described in the section of that peripheral feature.

The SFRs are typically distributed among the peripher-
als whose functions they control.

The unused SFR locations will be unimplemented and
read as '0's. See Table 4-1 for addresses for the SFRs.

DS39026D-page 42
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PIC18CXX2

TABLE 4-2: REGISTER FILE SUMMARY
. . . . . . . ) ) Value on Details
File Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, on page:
BOR
TOSU — — — Top-of-Stack Upper Byte (TOS<20:16>) ---0 0000 37
TOSH Top-of-Stack High Byte (TOS<15:8>) 0000 0000 37
TOSL Top-of-Stack Low Byte (TOS<7:0>) 0000 0000 37
STKPTR STKFUL STKUNF — Return Stack Pointer 00-0 0000 38
PCLATU — — — Holding Register for PC<20:16> ---0 0000 39
PCLATH Holding Register for PC<15:8> 0000 0000 39
PCL PC Low Byte (PC<7:0>) 0000 0000 39
TBLPTRU — — bit21() Program Memory Table Pointer Upper Byte (TBLPTR<20:16>) ---0 0000 57
TBLPTRH Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000 57
TBLPTRL Program Memory Table Pointer Low Byte (TBLPTR<7:0>) 0000 0000 57
TABLAT Program Memory Table Latch 0000 0000 57
PRODH Product Register High Byte XXXK XXXX 61
PRODL Product Register Low Byte XXXK XXXX 61
INTCON GIE/GIEH | PEIE/GIEL TMROIE INTOIE RBIE TMROIF INTOIF RBIF 0000 000x 65
INTCON2 RBPU INTEDGO INTEDG1 INTEDG2 — TMROIP — RBIP 1111 -1-1 66
INTCON3 INT2IP INT1IP — INT2IE INT1IE — INT2IF INT1IF 11-0 0-00 67
INDFO Uses contents of FSRO to address data memory - value of FSRO not changed (not a physical register) N/A 50
POSTINCO Uses contents of FSRO to address data memory - value of FSRO post-incremented (not a physical register) N/A 50
POSTDECO | Uses contents of FSRO to address data memory - value of FSRO post-decremented (not a physical register) N/A 50
PREINCO Uses contents of FSRO to address data memory - value of FSRO pre-incremented (not a physical register) N/A 50
PLUSWO Uses contents of FSRO to address data memory - value of FSRO pre-incremented (not a physical register) - N/A 50
value of FSRO offset by value in WREG
FSROH — — — — Indirect Data Memory Address Pointer O High Byte ---- 0000 50
FSROL Indirect Data Memory Address Pointer O Low Byte XXXX XXXX 50
WREG Working Register XXXX XXXX
INDF1 Uses contents of FSR1 to address data memory - value of FSR1 not changed (not a physical register) N/A 50
POSTINC1 Uses contents of FSR1 to address data memory - value of FSR1 post-incremented (not a physical register) N/A 50
POSTDEC1 | Uses contents of FSR1 to address data memory - value of FSR1 post-decremented (not a physical register) N/A 50
PREINC1 Uses contents of FSR1 to address data memory - value of FSR1 pre-incremented (not a physical register) N/A 50
PLUSW1 Uses contents of FSR1 to address data memory - value of FSR1 pre-incremented (not a physical register) - N/A 50
value of FSR1 offset by value in WREG
FSR1H — | — | — | — | Indirect Data Memory Address Pointer 1 High Byte ---- 0000 50
FSRI1L Indirect Data Memory Address Pointer 1 Low Byte XXXX XXXX 50
BSR — | — | — | — | Bank Select Register ---- 0000 49
INDF2 Uses contents of FSR2 to address data memory - value of FSR2 not changed (not a physical register) N/A 50
POSTINC2 Uses contents of FSR2 to address data memory - value of FSR2 post-incremented (not a physical register) N/A 50
POSTDEC2 | Uses contents of FSR2 to address data memory - value of FSR2 post-decremented (not a physical register) N/A 50
PREINC2 Uses contents of FSR2 to address data memory - value of FSR2 pre-incremented (not a physical register) N/A 50
PLUSW2 Uses contents of FSR2 to address data memory - value of FSR2 pre-incremented (not a physical register) - N/A 50
value of FSR2 offset by value in WREG
FSR2H — | — | — | — | Indirect Data Memory Address Pointer 2 High Byte ---- 0000 50
FSR2L Indirect Data Memory Address Pointer 2 Low Byte XXXK XXXX 50
STATUS — | = 1 = 1 ~ ] ov z DC c —--x xxxx 52
TMROH Timer0 Register High Byte 0000 0000 95
TMROL TimerO Register Low Byte XXXK XXXX 95
TOCON TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO 1111 1111 93
OSCCON — — — — — — — SCS | ---- --- 0 20
LVDCON — — IRVST LVDEN LVDL3 LVDL2 LVDL1 LVDLO --00 0101 175
Legend: x =unknown, u =unchanged, - = unimplemented, g = value depends on condition

Note 1: RAG6 and associated bits are configured as port pins in RCIO and ECIO oscillator mode only, and read '0" in all other oscillator modes.
2: Bit 21 of the TBLPTRU allows access to the device configuration bits.

DS39026D-page 46
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7.3 PIE Registers

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of periph-
eral interrupt sources, there are two Peripheral Inter-
rupt Enable Registers (PIE1, PIE2). When IPEN = 0,
the PEIE bit must be set to enable any of these periph-

eral interrupts.

REGISTER 7-6:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

PERIPHERAL INTERRUPT ENABLE REGISTER 1 (PIE1)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIE ADIE RCIE TXIE SSPIE ‘ CCP1IE ‘ TMR2IE | TMRI1IE
bit 7 bit 0

PSPIE: Parallel Slave Port Read/Write Interrupt Enable bit
1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt
ADIE: A/D Converter Interrupt Enable bit

1 = Enables the A/D interrupt
0 = Disables the A/D interrupt

RCIE: USART Receive Interrupt Enable bit

1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt

TXIE: USART Transmit Interrupt Enable bit

1 = Enables the USART transmit interrupt

0 = Disables the USART transmit interrupt

SSPIE: Master Synchronous Serial Port Interrupt Enable bit

1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt

CCP1IE: CCP1 Interrupt Enable bit

1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt

TMR1IE: TMR1 Overflow Interrupt Enable bit

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

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 14-1: SSPSTAT: MSSP STATUS REGISTER (CONTINUED)

R/W-0 RIW-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE DA | P | s | RW | UA BF
bit 7 bit 0

bit 3 S: START bit
(12C mode only. This bit is cleared when the MSSP module is disabled, SSPEN is cleared.)

1 = Indicates that a START bit has been detected last (this bit is '0' on RESET)
0 = START bit was not detected last

bit 2 R/W: Read/Write bit information (I2C mode only)

This bit holds the R/W bit information following the last address match. This bit is only valid from
the address match to the next START bit, STOP bit, or not ACK bit.

In |12C Slave mode:

1 = Read

0 = Write

In |2C Master mode:

1 =Transmit is in progress

0 = Transmit is not in progress
OR-ing this bit with SEN, RSEN, PEN, RCEN, or ACKEN will indicate if the MSSP is in
IDLE mode.

bit 1 UA: Update Address bit (10-bit 12C mode only)
1 = Indicates that the user needs to update the address in the SSPADD register
0 = Address does not need to be updated
bit 0 BF: Buffer Full Status bit
Receive (SPI and I°C modes):
1 = Receive complete, SSPBUF is full
0 = Receive not complete, SSPBUF is empty
Transmit (I2C mode only): L
1 = Data transmit in progress (does not include the ACK and STOP bits), SSPBUF is full
0 = Data transmit complete (does not include the ACK and STOP bits), SSPBUF is empty

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 14-2: SSPCON1: MSSP CONTROL REGISTER1

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

WCOL SSPOV | SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO

bit 7 bit 0

bit 7 WCOL: Write Collision Detect bit

Master mode:

1 = A write to the SSPBUF register was attempted while the 12C conditions were not valid for a
transmission to be started

0 =No collision

Slave mode:

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

0 = No collision

bit 6 SSPOV: Receive Overflow Indicator bit

In SPI mode:

1 = A new byte is received while the SSPBUF register is still holding the previous data. In case
of overflow, the data in SSPSR is lost. Overflow can only occur in Slave mode.
In Slave mode, the user must read the SSPBUF, even if only transmitting data to avoid
setting overflow.
In Master mode, the overflow bit is not set, since each new reception (and transmission) is
initiated by writing to the SSPBUF register (must be cleared in software).

0 = No overflow

In 1°C mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte. SSPOV is a
“don’t care” in Transmit mode (must be cleared in software).

0 = No overflow

bit 5 SSPEN: Synchronous Serial Port Enable bit
In both modes when enabled, these pins must be properly configured as input or output.
In SPI mode:
1 = Enables serial port and configures SCK, SDO, SDI, and SS as the source of the serial
port pins
0 = Disables serial port and configures these pins as 1/O port pins
In 1°C mode:

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

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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FIGURE 14-8: I2C SLAVE MODE WAVEFORMS FOR RECEPTION (7-BIT ADDRESS)
.. Receiving Address  R/MW=0____ Receiving Data ACK Receiving Data Not ACK, -
SDA Y /ATYBEXAEXAIXA3XAZXAT) !/ D7X(D6X D5 DaXD3XD2XDIXD0)\__/D7XD6XD5XDaXD3XB2XDIXD0Y N/
\ i
|
. o | }
SSPIF ! ,_| P | Bus Master
! T I terminates
! | | transfer
BF (SSPSTAT<0>) |—|T | [
LI— Cleared in software !
SSPBUF register is read !
SSPOV (SSPCON1<6>) '_—
Bit SSPOV is set because the SSPBUF register is still full. A
ACK is not sent.
FIGURE 14-9: I2C SLAVE MODE WAVEFORMS FOR TRANSMISSION (7-BIT ADDRESS)
RW =0
.- Receiving Address RW =1 Transmitting Data Not ACK - -

SCL

, Data in SCL held low

! . while CPU_\
sampled Jresponds to SSPIF

SSPIF [Iﬁ7A '

BF (SSPSTAT<0>)

From SSP Interrupt

Cleared in software
}Service Routine

SSPBUEF is written in software

CKP (SSPCON1<4>)

?— Set bit after writing to SSPBUF
(the SSPBUF must be written to
before the CKP bit can be set)
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15.2.2

USART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 15-4.
The data is received on the RC7/RX/DT 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 oper- L
ates at the bit rate, or at Fosc. This mode would typi-
cally be used in RS-232 systems. 2
To set up an Asynchronous Reception: '
1. Initialize the SPBRG register for the appropriate 3.
baud rate. If a high speed baud rate is desired,
set bit BRGH (Section 15.1). 4.
2. Enable the asynchronous serial port by clearing 5.
bit SYNC and setting bit SPEN. 6.
3. Ifinterrupts are desired, set enable bit RCIE. 7.
4. If 9-bit reception is desired, set bit RX9.
5. Enable the reception by setting bit CREN.
6. Flag bit RCIF will be set when reception is com- 8.
plete and an interrupt will be generated if enable
bit RCIE was set.
7. Read the RCSTA register to get the ninth bit (if 9.
enabled) and determine if any error occurred
during reception. 10.
8. Read the 8-bit received data by reading the 11.
RCREG register.
9. If any error occurred, clear the error by clearing
enable bit CREN.
FIGURE 15-4: USART RECEIVE BLOCK DIAGRAM

15.2.3

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:

Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is required,
set the BRGH bit.

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 com-
plete. 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.

Xx64 Baud Rate CLK

CREN

Baud Rate Generator

RC7/RX/IDT

Pin Buffer
and Control

Data

—

Recovery

SPEN

Interrupt

MSh RSR Register LSh
STOP| (8)| 7 s 1| O [START
RX9D RCREG Register
FIFO

Data Bus

RCIE
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15.4 USART Synchronous Slave Mode

To set up a Synchronous Slave Transmission:

Synchronous Slave mode differs from the Master mode 1. Enable the synchronous slave serial port by set-
in the fact that the shift clock is supplied externally at ting bits SYNC and SPEN and clearing bit
the RC6/TX/CK pin (instead of being supplied internally CSRC.
in Master mode). This allows the device to transfer or 2. Clear bits CREN and SREN.
receive data while in SLEEP mode. Slave mode is 3. Ifinterrupts are desired, set enable bit TXIE.
entered by clearing bit CSRC (TXSTA<7>). 4. If 9-bit transmission is desired, set bit TX9.
15.4.1 USART SYNCHRONOUS SLAVE 5. Enable the transmission by setting enable bit

TRANSMIT TXEN.

6. If 9-bit transmission is selected, the ninth bit

The operation of the Synchronous Master and Slave should be loaded in bit TX9D.
modes are identical, except in the case of the SLEEP 7. Starttransmission by loading data to the TXREG

mode.

register.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:
a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.
c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second word
to the TSR and flag bit TXIF will now be set.

If enable bit TXIE is set, the interrupt will wake the
chip from SLEEP. If the global interrupt is enabled,
the program will branch to the interrupt vector.

e)

TABLE 15-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Value on | Value on all

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O POR, other
BOR RESETS
INTCON GIE/ PEIE/ | TMROIE | INTOIE | RBIE | TMROIF | INTOIF RBIF | 0000 000x| 0000 000u

GIEH GIEL

PIR1 PsPIF® | ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF | TMR1IF | 0000 0000| 0000 0000
PIE1 PsPIE®D | ADIE RCIE TXIE | SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000| 0000 0000
IPR1 psPiPW | ADIP RCIP TXIP | SSPIP | CCP1IP | TMR2IP | TMR1IP | 0000 0000| 0000 0000
RCSTA SPEN RX9 SREN | CREN |ADDEN| FERR OERR RX9D |0000 -00x| 0000 -00x
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 Slave Transmission.
Note 1: The PSPIF, PSPIE and PSPIP bits are reserved on the PIC18C2X2 devices. Always maintain these bits
clear.
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18.2 Watchdog Timer (WDT)

The Watchdog Timer is a free running, on-chip RC
oscillator, which does not require any external compo-
nents. This RC oscillator is separate from the RC oscil-
lator of the OSC1/CLKI pin. That means that the WDT
will run, even if the clock on the OSC1/CLKI and OSC2/
CLKO/RAG6 pins of the device has been stopped, for
example, by execution of a SLEEP instruction.

During normal operation, a WDT time-out generates a
device RESET (Watchdog Timer Reset). If the device is
in SLEEP mode, a WDT time-out causes the device to
wake-up and continue with normal operation (Watch-
dog Timer Wake-up). The TO bit in the RCON register
will be cleared upon a WDT time-out.

The Watchdog Timer is enabled/disabled by a device
configuration bit. If the WDT is enabled, software exe-
cution may not disable this function. When the WDTEN
configuration bit is cleared, the SWDTEN bit enables/
disables the operation of the WDT.

REGISTER 18-7: WDTCON REGISTER

The WDT time-out period values may be found in the
Electrical Specifications section under parameter #31.
Values for the WDT postscaler may be assigned using
the configuration bits.

Note: The CLRWDT and SLEEP instructions clear
the WDT and the postscaler, if assigned to
the WDT, and prevent it from timing out
and generating a device RESET condition.

Note: When a CLRWDT instruction is executed
and the postscaler is assigned to the WDT,
the postscaler count will be cleared, but the
postscaler assignment is not changed.

18.2.1 CONTROL REGISTER

Register 18-7 shows the WDTCON register. This is a
readable and writable register, which contains a control
bit that allows software to override the WDT enable
configuration bit, only when the configuration bit has
disabled the WDT.

u-0 u-0 u-0 u-0 u-0 u-0 u-0 RIW-0
= = = = = = = SWDTEN
bit 7 bit 0

bit7-1  Unimplemented: Read as '0’

bit 0 SWDTEN: Software Controlled Watchdog Timer Enable bit

1 = Watchdog Timer is on

0 = Watchdog Timer is turned off if the WDTEN configuration bit in the configuration

register ='0’

Legend:
R = Readable bit
U = Unimplemented bit, read as ‘0’

W = Writable bit
- n = Value at POR Reset
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Compare f with WREG,

Compare f with WREG,

CPFSGT skip if f > WREG CPFSLT skip if f < WREG

Syntax: [label] CPFSGT f[,a] Syntax: [label] CPFSLT f[,a]

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

Operation: () - (WREG), Operation: () - (WREG),
skip if (f) > (WREG) skip if (f) < (WREG)
(unsigned comparison) (unsigned comparison)

Status Affected:  None Status Affected:  None

Encoding: ‘ 0110 | 010a ‘ ffff | ffff ‘ Encoding: ‘ 0110 | 000a ‘ ffff | ffEf ‘

Description: Compares the contents of data Description: Compares the contents of data
memory location 'f' to the contents memory location 'f' to the contents
of the WREG by performing an of WREG by performing an
unsigned subtraction. unsigned subtraction.
If the contents of 'f' are greater than If the contents of 'f' are less than
the contents of WREG, then the the contents of WREG, then the
fetched instruction is discarded and fetched instruction is discarded and
a NOP is executed instead, making a NOP is executed instead, making
this a two-cycle instruction. If ‘a’ is this a two-cycle instruction. If ‘a’ is
0, the Access Bank will be 0, the Access Bank will be
selected, overriding the BSR value. selected. If 'a’ is 1, the BSR will not
If ‘a’ = 1, then the bank will be be overridden (default).
selected as per the BSR value Words: 1
(default).

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

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 CPFSGT REG, 0
NGREATER
GREATER
Before Instruction
PC = Address (HERE)
WREG = 2
After Instruction
If REG >  WREG;
PC = Address (GREATER)
If REG <  WREG;
PC = Address (NGREATER)

Q Cycle Activity:

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 CPFSLT REG, 1
NLESS
LESS
Before Instruction
PC = Address (HERE)
W = 2
After Instruction
If REG <  WREG;
PC = Address (LESS)
If REG >  WREG;
PC = Address (NLESS)
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NOTES:

DS39026D-page 234 © 1999-2013 Microchip Technology Inc.



PIC18CXX2

TABLE 21-5: PLL CLOCK TIMING SPECIFICATION (VDD = 4.2V - 5.5V)

Param

NoO Symbol Characteristic Min Max Units Conditions
TRC PLL Start-up Time (Lock Time) — 2 ms
ACLK CLKOUT Stability (Jitter) using PLL -2 +2 %

FIGURE 21-6:

CLKOUT AND I/O TIMING

0SsC1

CLKOUT

19" <18

'—r>
' !

1o i ;

Y

—e<—16

D e 17— 15 :
I(g%:;m) old value X new value
L 20
Note: Refer to Figure 21-4 for load conditions.
TABLE 21-6: CLKOUT AND I/O TIMING REQUIREMENTS
Pa’\:im. Symbol Characteristic Min Typ Max Units | Conditions
10 TosH2ckL | OSC17T to CLKOUTY — 75 200 ns 1)
1 TosH2ckH | 0SC17T to CLKOUTT — 75 200 ns (1)
12 TckR CLKOUT rise time — 35 100 ns (2)
13 TckF CLKOUT fall time — 35 100 ns (2)
14 TckL2ioV | CLKOUT { to Port out valid — — |0.5Tcy +20| ns (1)
15 TioV2ckH | Port in valid before CLKOUT 1 0.25Tcy + 25| — — ns (1)
16 TckH2iol | Port in hold after CLKOUT T 0 — — ns (1)
17 TosH2ioV | OSC1T (Q1 cycle) to Port out valid — 50 150 ns
18 TosH2iol | OSC1T (Q2 cycle) to |PIC18CXXX 100 — — ns
18A Port input invalid PIC18LCXXX 200 — — ns
(I/0 in hold time)
19 TioV2o0sH | Port input valid to 0OSC1T 0 — — ns
(/O in setup time)
20 TioR Port output rise time | PIC18CXXX — 12 25 ns
20A PIC18LCXXX — — 50 ns
21 TioF Port output fall time PIC18CXXX — 12 25 ns
21A PIC18LCXXX — — 50 ns
22Tt | TINP INT pin high or low time Tcy — — ns
23tt | TrBP RB7:RB4 change INT high or low time Tcy — — ns
241t TRCP RC7:RC4 change INT high or low time 20 ns

Tt These parameters are asynchronous events not related to any internal clock edges.

Note 1: Measurements are taken in RC mode where CLKOUT output is 4 x TOSC.
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FIGURE 21-10: CAPTURE/COMPARE/PWM TIMINGS (CCP1 AND CCP2)

CCPx

(Capture Mode) —m

50 v 51 —=.

:17 52 4>:

CCPx % Z I Sk

(Compare or PWM Mode)

Note: Refer to Figure 21-4 for load conditions.

TABLE 21-9: CAPTURE/COMPARE/PWM REQUIREMENTS (CCP1 AND CCP2)

Pa’\:z\m. Symbol Characteristic Min Max Units Conditions
50 TecL CCPx inputlow | No Prescaler 0.5Tcy + 20 — ns
time With PIC18CXXX 10 — ns
Prescaler | p|C18LCXXX 20 — ns
51 TccH CCPx input No Prescaler 0.5Tcy + 20 — ns
high time With PIC18CXXX 10 — ns
Prescaler | p|C18LCXXX 20 — ns

52 TccP CCPx input period 3Tcy + 40 — ns |N = prescale
N value (1,4 or 16)

53 TccR CCPx output fall time PIC18CXXX — 25 ns
PIC18LCXXX — 50 ns
54 TccF CCPx output fall ime PIC18CXXX — 25 ns
PIC18LCXXX — 50 ns
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FIGURE 22-5: TYPICAL Ipp vs. Fosc OVER VbD (XT MODE)
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23.0 PACKAGING INFORMATION

23.1 Package Marking Information

28-Lead PDIP (Skinny DIP) Example

XOOOXKHKXXXXXXXXX PIC18C242-1/SP
D () XXXXXXXXXXXXXXXXX () D O

R YYWWNNN R 0117017

28-Lead SOIC Example

XXXXXXXXXXXXXXXXXXXX PIC18C242-E/SO
,9,9,9,0,9,9,9,9.9.9.0,9,0,9,0,9,9,0,.04
XXXXXXXXXXXXXXXXXXXX

O R YYWWNNN o R 0110017

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
wWw Week code (week of January 1 is week ‘01")
NNN  Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

Note: Inthe event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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Package Marking Information (Cont’d)

40-Lead PDIP

XXXXXXXXXKXXKXXXXX

XXXXXXXXXXXXKXKKXX

) () XORRXXKKXKXXKXXKKX ()
YYWWNNN

0O MicrocHIP

28- and 40-Lead JW (CERDIP)

XXXXXXXXXXX
A XXXXXXXXXXX
XXXXXXXXXXX

MicrocHIP YYWWNNN

44-Lead TQFP

S

MicrocHIP

XXXXXXXXXX
XXXXXXXXXX
XXXXXXXXXX
o YYWWNNN

44-Lead PLCC
o 2
Mlcgcmp
XXXXXXXXXX
XXXXXXXXXX

XXXXXXXXXX
YYWWNNN O

Example

PIC18C442-1/P

D O O

0112017
0O MICROCHIP

Example

P1C18C452
o (:::> AT
MicrocHIP 0115017

Example

S

MicRrocHIP

P1C18C442
-E/IPT

0120017

o

Example
O 2
N
MiCROCHIP

P1C18C452
-IlL

0120017
O
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STOP Condition Receive or Transmit ............ccccue..e. 143
Time-out Sequence on POWEr-Up ..........cccocueenee. 32,33
USART Asynchronous Master Transmission ........... 156
USART Asynchronous Reception ...........c.ccccueeuenne. 158
USART Synchronous Reception ...........c.ccccovernenne. 161
USART Synchronous TransSmission ..........c.ccccceeuee.. 160
Wake-up from SLEEP via Interrupt ..........c.ccoeevenen. 186
Timing Diagrams and Specifications ............cccccevvieneens 246
AID CONVEISION ....ocuviiiiiiiiiiic i 262
Brown-out Reset (BOR) ....cccccveviiiiiciieciiinnecees 248
Capture/Compare/PWM (CCP) ......cccccecveriieriieninens 250
CLKOUT and /O ....oovvrveieriiiie e 247
External ClOCK ..........cccoiviiiiiiiiiiiiiiie e 246
2C BUS DALA ....veoveereeeere e 257
12C Bus START/STOP BitS ....oovveverrreececreeresieen, 256
Oscillator Start-up Timer (OST) ....cccccvvevviriireieeneene 248
Parallel Slave Port (PSP) ........ccoccnviinieniiciiecieene 251
Power-up Timer (PWRT) ...ccooiiiieiiieeeee e 248
RESET .ottt 248
Timer0 and Timerl ......cccoccvvieiiiiiieeie e 249
USART Synchronous Receive
(MaSter/SIave) .......cccccevceeiiiiiceiecie e 260
USART SynchronousTransmission
(Master/SIave) ......cccccvveviiieinieee e 260
Watchdog Timer (WDT) ...coovvevviiiiieiiecieeneeeeeen 248
TRISE REQISIEr ...viiiiiiiiiieiiiieiee e 87
PSPMODE Bit ....ccoviiiieiieiieieseeie e 85, 90
TSTIFSZ e 227
Two-Word Instructions
EXample CaSES .....cceevviiiiiiiieeiiie et 41
TXSTA Register
BRGH Bit oo 151

u

Universal Synchronous Asynchronous Receiver
Transmitter. See USART.

USART ittt 149
AsyNchronous MOde .........cccovvvveinieieniiee e 155

Associated Registers, Receive ..........cccccocveeen. 158
Associated Registers, Transmit ............ccccceee... 156
Master Transmission ...............
Receive Block Diagram
Receiver .......ccccvviiiiiecnn.
RECEPLION ..ooiiiiiiiiiiie e
Transmit Block Diagram ...........ccccceeenvieenninnnn. 155
TranSMItter ......oocveviiiieecie e 155

Baud Rate Generator (BRG) ........ccccecveiciiiniincinens 151
Associated Registers .........cccvvveiiieniiieiienieenns 151
Baud Rate Error, Calculating ...........cccceeenuneen. 151
Baud Rate Formula ...........c.ccooeviviiiiicniccne 151
Baud Rates, Asynchronous Mode

(BRGH = 0) .oeviieienieeeeeeeeeeee e 153
Baud Rates, Asynchronous Mode

(BRGH = 1) oot 154
Baud Rates, Synchronous Mode ..................... 152
High Baud Rate Select (BRGH Bit) ................. 151
SAMPIING .ovviiiieiie e 151

RCSTA REQISIEr ...ovviiiiiiiiiie e 150

Serial Port Enable (SPEN Bit) .. 149

Synchronous Master Mode ..... .. 159

Associated Registers, Reception ... .. 161
Associated Registers, Transmit ..........ccccccceeee. 159
RECEPLION ...ooiiiiiiiicc e 161
Timing Diagram, Synchronous Receive .......... 260

Timing Diagram, Synchronous
TransSMISSION ......occeevveeiieiiecieenee e 260
Transmission ............cc...... .. 160
Associated Registers . .. 159
Synchronous Slave Mode ..........cccccociiviiiiiciiecneen. 162
Associated Registers, Receive ..........ccccecueeene 163
Associated Registers, Transmit ...........cccccceee... 162
RECEPLION ...ooiiiiiiiii e 163
TranSMISSION .......ccociiiiiiiiiiiie e 162
TXSTA REQISIET ..ottt 149

W

Wake-up from SLEEP ........ccccooviiiieniinic e, 179, 185
TimMiNg DIagram .......cccooecieieiiiie e 186
USING INLEITUPLES ..veveiiie e 185
Watchdog Timer (WDT) ........ 179, 183
Associated REJISIErS ........ovvviveeiiiieeiiie e 184
Block Diagram ........... .. 184
POSESCAlET ...oiiiiiiiiciiccc e 184
Programming Considerations ...........cccccoceevvveenninnen. 183
RC OSCillator .........cccceiiiiiiiiiiiiiie i 183
Time-out Period ........cccooiiniiiiiiciiiceceecee e 183
Timing Diagram .......cccccocceveeiiieeniieennnns .. 248
Waveform for General Call Address Sequence ............... 133
WECOL it 137, 139, 142
WCOL Status Flag .....cveeevieieeiiiieiieieeeieeeeiee e 137
WDT ot s 183
WWW, ON-LiNe SUPPOIT ....ooovviiiiiiiiiieeiie st 5
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