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TABLE 4-3: REGISTER FILE SUMMARY (CONTINUED)

FileName | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P\gg"eBcg‘R an;z';:
PREINC2 |Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented n/a 57
(not a physical register)
PLUSW2 Uses contents of FSR2 to address data memory — value of FSR2 pre-incremented n/a 57
(not a physical register) — value of FSR2 offset by value in WREG
FSR2H — | — | — | — | Indirect Data Memory Address Pointer 2 High Byte ---- 0000| 33,57
FSR2L Indirect Data Memory Address Pointer 2 Low Byte xxxx xxxx| 33,57
STATUS — | = ] = 1 N~ T ov z DC C  |---x xxxx| 33,59
TMROH Timer0 Register High Byte 0000 0000]| 33,133
TMROL Timer0 Register Low Byte xxxx xxxx| 33,133
TOCON TMROON TO8BIT TOCS TOSE PSA TOPS2 TOPS1 TOPSO |1111 1111| 33,131
OSCCON — — — — — — — SCS  |---- --- 0| 25,33
LVDCON — — IRVST LVDEN LVDL3 LVDL2 LvDL1 LVDLO |--00 o0101| 33,235
WDTCON — — — — — — — SWDTE |---- --- 0| 33,250
RCON IPEN = = RI TO PD POR BOR |0--1 11gq| 33,60,
101
TMR1H Timerl Register High Byte xxxx xxxx| 33,135
TMRI1L Timerl Register Low Byte xxxx xxxx| 33,135
T1CON Ro16 | — [ Tickesi | Tickpso | T10SCEN | TISYNC | TMR1CS | TMRION [0-00 oooo| 33,135
TMR2 Timer2 Register 0000 0000]| 33,141
PR2 Timer2 Period Register 1111 1111 33,142
T2CON — | T20UTPsS3 | T20UTPS2 | T20UTPS1 | T20UTPSO | TMR2ON | T2CKPS1 | T2CKPSO |-000 0000] 33, 141
SSPBUF SSP Receive Buffer/Transmit Register xxxx xxxx| 33,157
SSPADD SSP Address Register in 12C Slave mode. SSP Baud Rate Reload Register in I2C Master mode. 0000 0000| 33,166
SSPSTAT SMP CKE D/A P S RW UA BF 0000 0000]| 33,158
SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO |0000 0000| 33,168
SSPCON2 GCEN ACKSTAT ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 33,169
ADRESH A/D Result Register High Byte xxxx xxxx| 34,215
ADRESL A/D Result Register Low Byte xxxx xxxx| 34,215
ADCONO — — CHS3 CHS2 CHS1 CHSO | GO/DONE | ADON |--00 0000| 34,213
ADCON1 — — VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO |[--00 0000| 34,214
ADCON2 ADFM — — — — ADCS2 ADCS1 ADCSO |0--- -000]| 34,215
CCPR1H Capture/Compare/PWM Register 1 High Byte xxxx xxxx| 34,151,
152
CCPR1L Capture/Compare/PWM Register 1 Low Byte xxxx xxxx| 34,151,
152
CCP1CON — — DC1B1 DC1B0 CCP1M3 CCP1M2 CCP1IM1 CCP1MO |--00 0000| 34,149
CCPR2H Capture/Compare/PWM Register 2 High Byte xxxx xxxx| 34,151,
152
CCPR2L Capture/Compare/PWM Register 2 Low Byte xxxx xxxx| 34,151,
152
CCP2CON — — DC2B1 DC2B0 CCP2M3 CCP2M2 CCP2M1 | CCP2MO |[--00 0000| 34,149
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 modes only and read ‘0’ in all other oscillator
modes.
2:  Bit 21 of the TBLPTRU allows access to the device configuration bits.
3:  These registers are unused on PIC18F6X20 devices; always maintain these clear.
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EXAMPLE 5-3: WRITING TO FLASH PROGRAM MEMORY (CONTINUED)
PROGRAM_MEMORY
BSF EECON1, EEPGD ; point to Flash program memory
BCF EECON1, CFGS ; access Flash program memory
BSF EECON1, WREN ; enable write to memory
BCF INTCON, GIE ; disable interrupts
MOVLW 55h
MOVWF EECON2 ; write 55H
Required MOVLW AAh
Sequence MOVWF EECON2 ; write AAH
BSF EECON1, WR ; start program (CPU stall)
NOP
BSF INTCON, GIE ; re-enable interrupts
DECFSZ COUNTER_HI ; loop until done
BRA PROGRAM LOOP
BCF EECON1, WREN ; disable write to memory
55.2 WRITE VERIFY 554 PROTECTION AGAINST

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

5.5.3 UNEXPECTED TERMINATION OF

WRITE OPERATION

If a write is terminated by an unplanned event, such as
loss of power or an unexpected Reset, the memory
location just programmed should be verified and repro-
grammed if needed. The WRERR bit is set when a
write operation is interrupted by a MCLR Reset, or a
WDT Time-out Reset during normal operation. In these
situations, users can check the WRERR bit and rewrite
the location.

SPURIOUS WRITES

To protect against spurious writes to Flash program
memory, the write initiate sequence must also be
followed. See Section 23.0 “Special Features of the
CPU” for more detail.

5.6 Flash Program Operation During

Code Protection

See Section 23.0 “Special Features of the CPU” for
details on code protection of Flash program memory.

TABLE 5-2: REGISTERS ASSOCIATED WITH PROGRAM FLASH MEMORY
. . . . . . . . Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 POR, BOR all other
Resets
TBLPTRU — — bit 21 |Program Memory Table Pointer Upper Byte --00 0000 | --00 0000
(TBLPTR<20:16>)

TBPLTRH |Program Memory Table Pointer High Byte (TBLPTR<15:8>) 0000 0000 [ 0000 0000
TBLPTRL |Program Memory Table Pointer High Byte (TBLPTR<7:0>) 0000 0000 [ 0000 0000
TABLAT Program Memory Table Latch 0000 0000 [ 0000 0000
INTCON | GIE/GIEH| PEIE/GIEL | TMROIE | INTE | RBIE | TMROIF | INTF RBIF | 0000 0000 | 0000 0000
EECON2 |EEPROM Control Register 2 (not a physical register) — —
EECON1 EEPGD CFGS — FREE | WRERR | WREN WR RD xx-0 %000 [ uu-0 u000
IPR2 — CMIP — EEIP BCLIP LVDIP | TMR3IP | CCP2IP | ---1 1111 | ---1 1111
PIR2 — CMIF — EEIF BCLIF LVDIF | TMR3IF | CCP2IF | ---0 0000 | ---0 0000
PIE2 — CMIE — EEIE BCLIE LVDIE | TMR3IE | CCP2IE | ---0 0000 | ---0 0000
Legend: x =unknown, u = unchanged, r = reserved, - = unimplemented, read as ‘0’.

Shaded cells are not used during Flash/EEPROM access.

© 2003-2013 Microchip Technology Inc.
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9.3 PIE Registers

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of
peripheral interrupt sources, there are three Peripheral
Interrupt Enable registers (PIE1, PIE2 and PIE3).
When the IPEN bit (RCON<7>) is ‘'0’, the PEIE bit must
be set to enable any of these peripheral interrupts.

REGISTER 9-7: PIE1l: PERIPHERAL INTERRUPT ENABLE REGISTER 1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
PSPIEW ADIE RC1IE TX1IE SSPIE CCP1lIE | TMR2IE | TMR1IE
bit 7 bit 0

bit 7 PSPIE: Parallel Slave Port Read/Write Interrupt Enable bit(H)

1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

bit 6 ADIE: A/D Converter Interrupt Enable bit

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

bit 5 RC1IE: USART1 Receive Interrupt Enable bit

1 = Enables the USART1 receive interrupt
0 = Disables the USART1 receive interrupt

bit 4 TX1IE: USART1 Transmit Interrupt Enable bit

1 = Enables the USART1 transmit interrupt
0 = Disables the USART1 transmit interrupt

bit 3 SSPIE: Master Synchronous Serial Port Interrupt Enable bit

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

bit 2 CCPL1IE: CCP1 Interrupt Enable bit

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

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit

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

bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit

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

Note 1. Enabled only in Microcontroller mode for PIC18F8X20 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
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9.6 INTO Interrupt

External interrupts on the RBO/INTO, RB1/INT1,
RB2/INT2 and RB3/INT3 pins are edge-triggered:
either rising, if the corresponding INTEDGX bit is set in
the INTCONZ2 register, or falling, if the INTEDGX bit is
clear. When a valid edge appears on the RBx/INTx pin,
the corresponding flag bit, INTxF, is set. This interrupt
can be disabled by clearing the corresponding enable
bit, INTXE. Flag bit, INTxF, must be cleared in software
in the Interrupt Service Routine before re-enabling the
interrupt. All external interrupts (INTO, INT1, INT2 and
INT3) can wake-up the processor from Sleep if bit
INTXIE was set prior to going into Sleep. If the Global
Interrupt Enable bit, GIE, is set, the processor will
branch to the interrupt vector following wake-up.

The interrupt priority for INT, INT2 and INT3 is deter-
mined by the value contained in the interrupt priority
bits: INT1IP (INTCON3<6>), INT2IP (INTCON3<7>)
and INT3IP (INTCON2<1>). There is no priority bit
associated with INTO; it is always a high priority
interrupt source.

9.7 TMRO Interrupt

In 8-bit mode (which is the default), an overflow in the
TMRO register (FFh — 00h) will set flag bit TMROIF. In
16-bit mode, an overflow in the TMROH:TMROL regis-
ters (FFFFh — 0000h) will set flag bit TMROIF. The
interrupt can be enabled/disabled by setting/clearing
enable bit, TMROIE (INTCON<5>). Interrupt priority for
TimerO is determined by the value contained in the
interrupt priority bit, TMROIP (INTCON2<2>). See
Section 11.0 “Timer0 Module” for further details on
the Timer0 module.

9.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON<O0>). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>).
Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

9.9 Context Saving During Interrupts

During an interrupt, the return PC value is saved on the
stack. Additionally, the WREG, Status and BSR registers
are saved on the fast return stack. If a fast return from
interrupt is not used (see Section 4.3 “Fast Register
Stack”), the user may need to save the WREG, Status
and BSR registers in software. Depending on the user’s
application, other registers may also need to be saved.
Example 9-1 saves and restores the WREG, Status and
BSR registers during an Interrupt Service Routine.

EXAMPLE 9-1: SAVING STATUS, WREG AND BSR REGISTERS IN RAM
MOVWF  W_TEMP ; W_TEMP is in virtual bank

MOVFF STATUS, STATUS_TEMP ; STATUS_TEMP located anywhere
MOVFF BSR, BSR_TEMP ; BSR located anywhere

; USER ISR CODE

7

MOVFF BSR _TEMP, BSR ; Restore BSR
MOVF W_TEMP, W ; Restore WREG
MOVFF STATUS TEMP, STATUS ; Restore STATUS

DS39609C-page 102

© 2003-2013 Microchip Technology Inc.



PIC18F6520/8520/6620/8620/6720/8720

TABLE 10-3: PORTB FUNCTIONS

Name Bit# Buffer Function
RBO/INTO bito | TTL/STW | Input/output pin or external interrupt input 0.
Internal software programmable weak pull-up.
RB1/INT1 bit 1 TTUSTD Input/output pin or external interrupt input 1.
Internal software programmable weak pull-up.
RB2/INT2 bit 2 TTUSTD Input/output pin or external interrupt input 2.

Internal software programmable weak pull-up.

RB3/INT3/CCP2® | bit 3 TTL/ST® Input/output pin or external interrupt input 3. Capture2 input/Compare2
output/PWM output (when CCP2MX configuration bit is enabled, all
PIC18F8X20 operating modes except Microcontroller mode).

Internal software programmable weak pull-up.

RB4/KBIO bit 4 TTL Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up.
RB5/KBI1/PGM bit 5 TTUST® Input/output pin (with interrupt-on-change).

Internal software programmable weak pull-up.
Low-voltage ICSP enable pin.

RB6/KBI2/PGC bit 6 TTUST® Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up.
Serial programming clock.

RB7/KBI3/PGD bit 7 TTUST® Input/output pin (with interrupt-on-change).
Internal software programmable weak pull-up.
Serial programming data.

Legend: TTL =TTL input, ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: RCl1is the alternate assignment for CCP2 when CCP2MX is not set (all operating modes except
Microcontroller mode).

4: This buffer is a Schmitt Trigger input when configured as the CCP2 input.

TABLE 10-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

. . . . . . . . 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
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO XXXX XXXX | uuuu uuuu
LATB LATB Data Output Register XXXX XXXX | Uuuu uuuu
TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
INTCON GIE/ PEIE/ TMROIE INTOIE RBIE TMROIF | INTOIF RBIF 0000 0000 | 0000 0000

GIEH GIEL

INTCON2 RBPU |INTEDGO | INTEDGL1 | INTEDG2 | INTEDG3 | TMROIP | INT3IP RBIP 1111 1111 | 1111 1111
INTCON3 | INT2IP INT1IP INT3IE INT2IE INT1IE INT3IF | INT2IF | INT1IF | 1100 0000 | 1100 0000

Legend: x =unknown, u = unchanged. Shaded cells are not used by PORTB.
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FIGURE 10-14: RF6:RF3 AND RFO PINS FIGURE 10-15: RF7 PIN BLOCK
BLOCK DIAGRAM DIAGRAM
RD LATF RD LATF
b Data
ata Bus %
D
Bus b 0 Q
WR LATF or /O pin
XYR LATF Voo WR PORTF KN
WR PORTF CcK _LG
' D—{ P Data Latch
Data Latch J 4&
e— D Q
— D Q N 1/0 pin Schmitt
WR TRISF Trigger
et ||
WR TRISF cK 0 Vss TRIS Latch Buffer TTL
Analog /I In
put
TRIS Latch et W Buffer
>—e§ RD TRISF K7
RD TRISF ST
Input e -
| Buffer Q D
Q D
EN —
EN RD PORTF ) {>O
RD PORTF {>o
SS Input
ATo A/D Converter or Comparator Input
Note 1: I/O pins have diode protection to VDD and Vss. Note: 1/0 pins have diode protection to VbD and Vss.
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17.3.1 REGISTERS

The MSSP module has four registers for SPI mode

operation. These are:

* MSSP Control Register 1 (SSPCON1)

* MSSP Status Register (SSPSTAT)

» Serial Receive/Transmit Buffer (SSPBUF)

* MSSP Shift Register (SSPSR) — Not directly
accessible

SSPCONL1 and SSPSTAT are the control and status
registers in SPI mode operation. The SSPCONL1 regis-
ter is readable and writable. The lower 6 bits of the
SSPSTAT are read-only. The upper two bits of the
SSPSTAT are read/write.

SSPSR is the shift register used for shifting data in or
out. SSPBUF is the buffer register to which data bytes
are written to or read from.

In receive operations, SSPSR and SSPBUF together
create a double-buffered receiver. When SSPSR
receives a complete byte, it is transferred to SSPBUF
and the SSPIF interrupt is set.

During transmission, the SSPBUF is not double-
buffered. A write to SSPBUF will write to both SSPBUF
and SSPSR.

REGISTER 17-1: SSPSTAT: MSSP STATUS REGISTER (SPI MODE)

RW-0  R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
SMP CKE DIA P | s | rw UA BF
bit 7 bit 0

bit 7 SMP: Sample bit
SPI Master mode:

1 = Input data sampled at end of data output time
0 = Input data sampled at middle of data output time

SPI Slave mode:

SMP must be cleared when SPI is used in Slave mode.

bit 6 CKE: SPI Clock Select bit

1 = Transmit occurs on transition from active to Idle clock state
0 = Transmit occurs on transition from Idle to active clock state

Note:  Polarity of clock state is set by the CKP bit (SSPCON1<4>).

bit5  D/A: Data/Address bit
Used in 12C mode only.
bit 4 P: Stop bit

Used in 12C mode only. This bit is cleared when the MSSP module is disabled,

SSPEN is cleared.
bit 3 S: Start bit
Used in 12C mode only.

bit 2 R/W: Read/Write bit information

Used in 1°C mode only.
bit 1 UA: Update Address bit
Used in 12C mode only.

bit 0 BF: Buffer Full Status bit (Receive mode only)

1 = Receive complete, SSPBUF is full

0 = Receive not complete, SSPBUF is empty

Legend:

R = Readable bit
- n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’

‘0’ = Bit is cleared X = Bit is unknown
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FIGURE 17-5:

SPI MODE WAVEFORM (SLAVE MODE WITH CKE = 0)
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REGISTER 17-4:

bit 7

bit 6

bit 5

bit 4

bit 3-0

SSPCON1: MSSP CONTROL REGISTER 1 (I°C MODE)
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

WCOL: Write Collision Detect bit

In Master Transmit mode:

1 = A write to the SSPBUF register was attempted while the I°C conditions were not valid for a
transmission to be started (must be cleared in software)

0 = No collision

In Slave Transmit mode:

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

0 = No collision

In Receive mode (Master or Slave modes):

This is a “don’t care” bit.

SSPOV: Receive Overflow Indicator bit

In Receive mode:

1 = A byte is received while the SSPBUF register is still holding the previous byte (must be
cleared in software)

0 = No overflow

In Transmit mode:

This is a “don’t care” bit in Transmit mode.

SSPEN: Synchronous Serial Port Enable bit

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

Note:  When enabled, the SDA and SCL pins must be properly configured as input or output.

CKP: SCK Release Control bit

In Slave mode:

1 = Release clock

0 = Holds clock low (clock stretch), used to ensure data setup time

In Master mode:

Unused in this mode.

SSPM3:SSPMO0: Synchronous Serial Port Mode Select bits

1111 = IC Slave mode, 10-bit address with Start and Stop bit interrupts enabled
1110 = I°C Slave mode, 7-bit address with Start and Stop bit interrupts enabled
1011 = I2C Firmware Controlled Master mode (Slave Idle)

1000 = I2C Master mode, clock = Fosc/(4 * (SSPADD + 1))

0111 = I2C Slave mode, 10-bit address

0110 = I2C Slave mode, 7-bit address

Note:  Bit combinations not specifically listed here are either reserved or implemented in

SPI mode only.
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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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 soft-
ware. The SSPSTAT register is used to determine the
status of the byte.

If SEN is enabled (SSPCON1<0> = 1), RC3/SCK/SCL
will be held low (clock stretch) following each data
transfer. The clock must be released by setting bit
CKP (SSPCON<4>). See Section 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.

© 2003-2013 Microchip Technology Inc.
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I2C MASTER MODE START
CONDITION TIMING

To initiate a Start condition, the user sets the Start Con-
dition Enable bit, SEN (SSPCON2<0>). If the SDA and
SCL pins are sampled high, the Baud Rate Generator
is reloaded with the contents of SSPADD<6:0> and
starts its count. If SCL and SDA are both sampled high
when the Baud Rate Generator times out (TBRG), the
SDA pin is driven low. The action of the SDA being
driven low, while SCL is high, is the Start condition and
causes the S hit (SSPSTAT<3>) to be set. Following
this, the Baud Rate Generator is reloaded with the con-
tents of SSPADD<6:0> and resumes its count. When
the Baud Rate Generator times out (TBRG), the SEN bit
(SSPCON2<0>) will be automatically cleared by
hardware, the Baud Rate Generator is suspended,
leaving the SDA line held low and the Start condition is
complete.

17.4.8

Note: If at the beginning of the Start condition,
the SDA and SCL pins are already sam-
pled low, or if during the Start condition the
SCL line is sampled low before the SDA
line is driven low, a bus collision occurs,
the Bus Collision Interrupt Flag, BCLIF, is
set, the Start condition is aborted and the

I2C module is reset into its Idle state.

FIGURE 17-19: FIRST START BIT TIMING

17.48.1  WCOL Status Flag

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

Note: Because queueing of events is not
allowed, writing to the lower 5 bits of
SSPCON2 is disabled until the Start

condition is complete.

Write to SEN bit occurs here
SDA =1,

SCL=1

l

Set S bit (SSPSTAT<3>)

At completion of Start bit,
hardware clears SEN bit
l and sets SSPIF bit

k=T8RG —+-TBRG Write to SSPBUF occurs here
AN /  1stbi X 2nd bit
SDA ;
[« TBRG#|
s [«TBRG*|
S
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REGISTER 23-12: CONFIG7H: CONFIGURATION REGISTER 7 HIGH (BYTE ADDRESS 30000Dh)
u-0 RIP-1 u-0 u-0 u-0 u-0 u-0 u-0
— EBTRB — — | = 1T = — [ =
bit 7 bit 0

bit 7 Unimplemented: Read as ‘0’
bit 6 EBTRB: Boot Block Table Read Protection bit

For PIC18FX520 devices:

1 = Boot Block (000000-0007FFh) not protected from table reads executed in other blocks
0 = Boot Block (000000-0007FFh) protected from table reads executed in other blocks
For PIC18FX620 and PIC18FX720 devices:

1 = Boot Block (000000-0001FFh) not protected from table reads executed in other blocks
0 = Boot Block (000000-0001FFh) protected from table reads executed in other blocks

bit 5-0 Unimplemented: Read as ‘0’

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

REGISTER 23-13: DEVICE ID REGISTER 1 FOR PIC18FXX20 DEVICES (ADDRESS 3FFFFEh)
R R R R R R R R
DEV2 DEV1 DEVO REV4 REVZ | REV2 | REV1 | REVO |
bit 7 bit 0

bit 7-5 DEV2:DEVO: Device ID bits
000 = PIC18F8720
001 = PIC18F6720
010 = PIC18F8620
011 = PIC18F6620
bit 4-0 REV4:REVO0: Revision ID bits
These bits are used to indicate the device revision.

Legend:
R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state

REGISTER 23-14: DEVICE ID REGISTER 2 FOR PIC18FXX20 DEVICES (ADDRESS 3FFFFFh)
R R R R R R R R
DEVIO | DEV9 | DEv8 | DEV7 | DEve | DEVS | DEv4 | DEV3 |
bit 7 bit 0

bit 7-0 DEV10:DEV3: Device ID bits
These bits are used with the DEV2:DEVO bits in the Device ID Register 1 to identify the part

number.

Legend:

R = Readable bit P = Programmable bit U = Unimplemented bit, read as ‘0’

- n = Value when device is unprogrammed u = Unchanged from programmed state
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NOTES:

DS39609C-page 258 © 2003-2013 Microchip Technology Inc.



PIC18F6520/8520/6620/8620/6720/8720

DAW Decimal Adjust W Register
Syntax: [label] DAW

Operands: None

Operation: If [W<3:0> >9] or [DC = 1] then

(W<3:0>) + 6 - W<3:0>;
else
(W<3:0>) — W<3:0>;

If [W<7:4> >9] or [C = 1] then
(W<7:4>) + 6 - W<7:4>;
else

(W<T7:4>) > W<T7:4>,

Status Affected: C

Encoding: ‘ 0000 | 0000 ‘ 0000 | 0111 ‘
Description: DAW adjusts the eight-bit value in
W, resulting from the earlier
addition of two variables (each in
packed BCD format) and produces
a correct packed BCD result.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write
register W Data W
Examplel: DAW
Before Instruction
W = OxA5
C = 0
DC = 0
After Instruction
w =  0x05
C = 1
DC = 0
Example 2:
Before Instruction
w = OxCE
C = 0
DC = 0
After Instruction
W = 0x34
C = 1
DC = 0

DECF Decrement f
Syntax: [label] DECF f[,d[,a]
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: (f)— 1 — dest
Status Affected: C,DC, N, OV, Z
Encoding: ‘ 0000 | 0lda ‘ ffff | ffEf ‘
Description: Decrement register ‘f'. If ‘d’ is ‘0’,
the result is stored in W. If ‘d’ is ‘17,
the result is stored 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: DECF CNT, 1, O
Before Instruction
CNT = 0x01
z = 0
After Instruction
CNT = 0x00
z = 1
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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 OR’ed with
the eight-bit literal ‘k’. The result is
placed in W.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Qs 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] 1ORWF f[,d[,a]
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: (W) .OR. (f) —> dest
Status Affected: N, Z
Encoding: ‘ 0001 | 0oda ‘ ffff | ffEf ‘
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, over-
riding 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, 0, 1
Before Instruction
RESULT = 0x13
w =  0x91
After Instruction
RESULT = 0x13
W = 0x93
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RETFIE Return from Interrupt
Syntax: [label] RETFIE [s]
Operands: s € [0,1]
Operation: (TOS) — PC,
1 — GIE/GIEH or PEIE/GIEL,
ifs=1
(WS) > W,
(STATUSS) — STATUS,
(BSRS) —» BSR,
PCLATU, PCLATH are unchanged
Status Affected:  GIE/GIEH, PEIE/GIEL.
Encoding: ‘ 0000 | 0000 ‘ 0001 | 000s ‘
Description: Return from Interrupt. Stack is
popped and Top-of-Stack (TOS) is
loaded into the PC. Interrupts are
enabled by setting either the high
or low priority global interrupt
enable bit. If ‘s’ = 1, the contents of
the shadow registers, WS,
STATUSS and BSRS, are loaded
into their corresponding registers,
W, Status and BSR. If ‘s’ = 0, no
update of these registers occurs
(default).
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No No Pop PC
operation operation from stack
Set GIEH or
GIEL
No No No No
operation operation operation operation
Example: RETFIE 1
After Interrupt
PC = TOS
w = WS
BSR = BSRS
STATUS = STATUSS
GIE/GIEH, PEIE/GIEL = 1

RETLW Return Literal to W
Syntax: [label] RETLW k
Operands: 0<k<255
Operation: k—> W,
(TOS) —» PC,
PCLATU, PCLATH are unchanged
Status Affected:  None
Encoding: ‘ 0000 | 1100 ‘ kkkk | kkkk ‘
Description: W is loaded with the eight-bit literal
‘k’. The program counter is loaded
from the top of the stack (the return
address). The high address latch
(PCLATH) remains unchanged.
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Pop PC
literal 'k’ Data from stack,
Write to W
No No No No
operation operation operation operation
Example:
CALL TABLE ; W contains table
; offset value
; W now has
; table value
TABLE
ADDWF PCL ; W = offset
RETLW kO ; Begin table
RETLW k1 ;
RETLW kn ; End of table

Before Instruction

w

= 0x07

After Instruction

w

= value of kn
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26.4.2 TIMING CONDITIONS

The temperature and voltages specified in Table 26-5
apply to all timing specifications unless otherwise
noted. Figure 26-6 specifies the load conditions for the

timing specifications.

TABLE 26-5: TEMPERATURE AND VOLTAGE SPECIFICATIONS — AC

AC CHARACTERISTICS

Operating temperature

Standard Operating Conditions (unless otherwise stated)

-40°C < TA < +85°C for industrial

-40°C < TA < +125°C for extended

Operating voltage VDD range as described in DC spec Section 26.1 and
Section 26.3.

LC parts operate for industrial temperatures only.

FIGURE 26-6: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS

Load condition 1

VDbD/2

RL

Pin T

Load condition 2

L

Pin

RL = 464Q

CL = 50pF for all pins except OSC2/CLKO
and including D and E outputs as ports

CL

-

Vss
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TABLE 26-25: A/D CONVERTER CHARACTERISTICS: PIC18FXX20 (INDUSTRIAL, EXTENDED)
PIC18LFXX20 (INDUSTRIAL)

P’a\lrc;am Symbol Characteristic Min Typ Max Units Conditions

A0l NR Resolution — — 10 bit

AO03 EiL Integral Linearity Error — — <1 LSb |VREF =VDD = 5.0V

A04 EbpL Differential Linearity Error — — <1 LSb |VREF =VDD = 5.0V

AO5 EG Gain Error — — <#1 LSb |VREF = VDD = 5.0V

A06 EOFF Offset Error — — <+15 LSb |VREF = VDD = 5.0V

A0 |— Monotonicity guaranteed® — |Vss < VAIN < VREF

A20 VREF Reference Voltage 1.8v — — V |VDD < 3.0V

A20A (VREFH — VREFL) 3V — — V |VDD 2 3.0V

A21 VREFH Reference Voltage High AVss — AVDD + 0.3V \%

A22 |VRErL |Reference Voltage Low AVss - 0.3VO) | — VREFH Y,

A25  |vain Analog Input Voltage Avss—0.3v®| — |Avbp +0.3v®| Vv |VDD > 2.5V (Note 3)

A30 ZAIN Recommended Impedance of — — 25 kQ |(Note 4)

Analog Voltage Source

A50 IREF VREF Input Current (Note 1) — — 5 pA | During VAIN acquisition.

— — 150 pA  |During A/D conversion
cycle.

Note 1: Vss < VAIN < VREF

The A/D conversion result never decreases with an increase in the input voltage and has no missing codes.
For VDD < 2.5V, VAIN should be limited to <.5 VDD.

Maximum allowed impedance for analog voltage source is 10 kQ. This requires higher acquisition times.
IVDD — AVDDI must be <3.0V and IAVSs — Vssl must be <0.3V.

AN

FIGURE 26-26: A/D CONVERSION TIMING

BSF ADCONO, GO><.

—| ~— (Note2) 131 :
Q4 ! ; - :

. — = 130 e

AIDCLK <132, |! ]

D G5 @D & 05 € €D &9 GID

A/D DATA ;
ADRES E E OLD_DATA >E< NEW_DATA
ADIF E E _'E Tey
GO | : DONE

SAMPLE SAMPLING STOPPED |

Note 1: If the A/D clock source is selected as RC, a time of Tcy is added before the A/D clock starts. This allows the SLEEP instruction to be
executed.

2: This is a minimal RC delay (typically 100 ns), which also disconnects the holding capacitor from the analog input.
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FIGURE 27-19: TYPICAL IpD vs. Fosc OVER VbbD (EC MODE) (PIC18F8520 DEVICES ONLY)

30 ‘
Typical: statistical mean @ 25°C
Maximum: mean + 3c (-40°C to +125°C)
25 Minimum: mean - 3c (-40°C to +125°C)
7
5.5V
20 A
50V
?g . / .
8 |42V
- 4.0V
10
/ 3.5V
5 /% 3.0V
/ /
= 2.5V
2.0V
0 * " " - "
4 8 12 16 20 24 28 32 36 40
Fosc (MHz)
FIGURE 27-20: MAXIMUM Ipb vs. Fosc OVER Vbb (EC MODE) INDUSTRIAL
(PIC18F8520 DEVICES ONLY)
30
| | |
Typical: statistical mean @ 25°C
Maximum: mean + 3c (-40°C to +85°C) e
Minimum: mean — 3o (-40°C to +85°C) 5.5V
) // -
5.0V
~
20 / A
45V
g //// 4'2\//
<
E s oy
E /
é- 25v
— 2.0V
0 T T " T
4 8 12 16 20 24 28 32 36 40
Fosc (MHz)
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FIGURE 27-21: MAXIMUM Ipp vs. Fosc OVER VpD (EC MODE) EXTENDED
(PIC18F8520 DEVICES ONLY)

20

18 | Typical: statistical mean @ 25°C
Maximum: mean + 3c (-40°C to +125°C)
Minimum: mean — 3o (-40°C to +125°C)
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FIGURE 27-22: TYPICAL Ipp vs. Fosc OVER VbbD (HS/PLL MODE)
(PIC18F8520 DEVICES ONLY)
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