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PIC18FXX2

TABLE 4-2: REGISTER FILE SUMMARY (CONTINUED)

File Name | Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 P‘QATEB%"R o'ze;:gz:
OSCCON = = = = = = = SCS  |---- --- 0 21
LVDCON = = IRVST LVDEN LvDL3 LvDL2 LVDL1 LVDLO |--00 0101 191
WDTCON — — — — — — — SWDTE |---- --- o| 203
RCON IPEN — — RI TO PD POR BOR |0--1 11qq|53,28,84
TMR1H Timer1 Register High Byte XXXX XXXX 107
TMR1L Timer1 Register Low Byte XXXX XXXX 107
T1CON rot6 | — | T1ckpst | T1ckpso | T10scEN | TISYNC | TMR1CS | TMR1ON |0-00 0000| 107
TMR2 Timer2 Register 0000 0000 111
PR2 Timer2 Period Register 1111 1111 112
T2CON — | TouTPss | TouTPs2 | TOUTPS1 | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO [-000 0000| 111
SSPBUF SSP Receive Buffer/Transmit Register XXXX XXXX 125
SSPADD SSP Address Register in 1°C Slave mode. SSP Baud Rate Reload Register in 1°C Master mode. 0000 0000 134
SSPSTAT SMP CKE D/A P S RW UA BF  |0000 0000 126
SSPCON1 WCOL SSPOV SSPEN CKP SSPM3 SSPM2 SSPM1 SSPMO |0000 0000 127
SSPCON2 GCEN ACKSTAT | ACKDT ACKEN RCEN PEN RSEN SEN 0000 0000 137
ADRESH [A/D Result Register High Byte xxxx xxxx| 187,188
ADRESL A/D Result Register Low Byte xxxx xxxx| 187,188
ADCONO ADCSH1 ADCSO CHS2 CHSH1 CHSO0 GO/DONE = ADON |0000 00-0 181
ADCON1 ADFM ADCS2 — — PCFG3 PCFG2 PCFG1 PCFGO |00-- 0000 182
CCPR1H  |Capture/Compare/PWM Register1 High Byte xxxx xxxx| 121,123
CCPR1L Capture/Compare/PWM Register1 Low Byte xxxx xxxx| 121,123
ccpricoN | — |  — | pciBt | DC1Bo | CCP1M3 | CCPiIM2 | CCPiM1 | CCP1MO [--00 oooo| 117
CCPR2H  |Capture/Compare/PWM Register2 High Byte xxxx xxxx| 121,123
CCPR2L Capture/Compare/PWM Register2 Low Byte xxxx xxxx| 121,123
corecoN | — | — | pceBt | pceBo | ccpams | ccpam2 | ccpemit | ccPeMo |--00 oooo| 117
TMR3H Timer3 Register High Byte XXXK KKKX 113
TMR3L Timer3 Register Low Byte XXXK KKKX 113
T3CON RD16 | TaccP2 | Tackpst | Tackpso | Tacopt | TaSYNC | TMRaCS | TMR3ON [0000 0o0o| 113
SPBRG USART1 Baud Rate Generator 0000 0000 168
RCREG USART1 Receive Register 0000 0000 |175,178,
180
TXREG USART1 Transmit Register 0000 0000(173,176,
179
TXSTA CSRC TX9 TXEN SYNC = BRGH TRMT TX9D |0000 -010 166
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D |oo000 o000x| 167
EEADR Data EEPROM Address Register 0000 0000| 65,69
EEDATA Data EEPROM Data Register 0000 0000 69
EECON2 Data EEPROM Control Register 2 (not a physical register) — |--on ——-- 65, 69
EECON1 | EEPGD | CFGS | — | FREE | WRERR | WREN WR RD  [xx-0 xo000| 66

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.
3: These registers and bits are reserved on the PIC18F2X2 devices; always maintain these clear.
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5.2.2 TABLAT - TABLE LATCH REGISTER

The Table Latch (TABLAT) is an 8-bit register mapped
into the SFR space. The Table Latch is used to hold
8-bit data during data transfers between program
memory and data RAM.

5.2.3 TBLPTR - TABLE POINTER

REGISTER

The Table Pointer (TBLPTR) addresses a byte within
the program memory. The TBLPTR is comprised of
three SFR registers: Table Pointer Upper Byte, Table
Pointer High Byte and Table Pointer Low Byte
(TBLPTRU:TBLPTRH:TBLPTRL). These three regis-
ters join to form a 22-bit wide pointer. The low order 21
bits allow the device to address up to 2 Mbytes of pro-
gram memory space. The 22nd bit allows access to the
Device ID, the User ID and the Configuration bits.

The table pointer, TBLPTR, is used by the TBLRD and
TBLWT instructions. These instructions can update the
TBLPTR in one of four ways based on the table opera-
tion. These operations are shown in Table 5-1. These
operations on the TBLPTR only affect the low order
21 bits.

5.2.4 TABLE POINTER BOUNDARIES

TBLPTR is used in reads, writes, and erases of the
FLASH program memory.

When a TBLRD is executed, all 22 bits of the Table
Pointer determine which byte is read from program
memory into TABLAT.

When a TBLWT is executed, the three LSbs of the Table
Pointer (TBLPTR<2:0>) determine which of the eight
program memory holding registers is written to. When
the timed write to program memory (long write) begins,
the 19 MSbs of the Table Pointer, TBLPTR
(TBLPTR<21:3>), will determine which program mem-
ory block of 8 bytes is written to. For more detail, see
Section 5.5 (“Writing to FLASH Program Memory”).

When an erase of program memory is executed, the 16
MSbs of the Table Pointer (TBLPTR<21:6>) point to the
64-byte block that will be erased. The Least Significant
bits (TBLPTR<5:0>) are ignored.

Figure 5-3 describes the relevant boundaries of
TBLPTR based on FLASH program memory
operations.

TABLE 5-1: TABLE POINTER OPERATIONS WITH TBLRD AND TBLWT INSTRUCTIONS
Example Operation on Table Pointer
TBLRD* TBLPTR is not modified
TBLWT*
TBLRD*+ TBLPTR is incremented after the read/write
TBLWT* +
TBLRD - TBLPTR is decremented after the read/write
TBLWT* -
TBLRD+* TBLPTR is incremented before the read/write
TBLWT+*
FIGURE 5-3: TABLE POINTER BOUNDARIES BASED ON OPERATION
21 TBLPTRU 16 15 TBLPTRH 8 7 TBLPTRL 0

A

ERASE - TBLPTR<21:6>

WRITE - TBLPTR<21:3>

READ - TBLPTR<21:0>
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9.6 Parallel Slave Port

The Parallel Slave Port is implemented on the 40-pin
devices only (PIC18F4X2).

PORTD operates as an 8-bit wide Parallel Slave Port,
or microprocessor port when control bit, PSPMODE
(TRISE<4>) is set. It is asynchronously readable and
writable by the external world through RD control input
pin, REO/RD and WR control input pin, RE1/WR.

It can directly interface to an 8-bit microprocessor data
bus. The external microprocessor can read or write the
PORTD latch as an 8-bit latch. Setting bit PSPMODE
enables port pin REO/RD to be the RD input, RE1/WR
to be the WR input and RE2/CS to be the CS (chip
select) input. For this functionality, the corresponding
data direction bits of the TRISE register (TRISE<2:0>)
must be configured as inputs (set). The A/D port config-
uration bits PCFG2:PCFGO (ADCON1<2:0>) must be
set, which will configure pins RE2:REO as digital I/O.

A write to the PSP occurs when both the CS and WR
lines are first detected low. A read from the PSP occurs
when both the CS and RD lines are first detected low.

The PORTE I/O pins become control inputs for the
microprocessor port when bit PSPMODE (TRISE<4>)
is set. In this mode, the user must make sure that the
TRISE<2:0> bits are set (pins are configured as digital
inputs), and the ADCONT1 is configured for digital 1/O.
In this mode, the input buffers are TTL.

FIGURE 9-10: PORTD AND PORTE

BLOCK DIAGRAM
(PARALLEL SLAVE
PORT)

One bit of PORTD

<

Data Bus
b o IS . I&

WR LATD

or
PORTD
Data Latch TTL I

0—§I7 Q D
RD PORTD EN
TRIS Latch

pd
RD LATD\FJ

Set Interrupt Flag

<«

N
PSPIF (PIR1<7>)

Chip Select

Note: I/O pin has protection diodes to VDD and Vss.

FIGURE 9-11: PARALLEL SLAVE PORT WRITE WAVEFORMS
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FIGURE 9-12: PARALLEL SLAVE PORT READ WAVEFORMS
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TABLE 9-11: REGISTERS ASSOCIATED WITH PARALLEL SLAVE PORT

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

Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR All Other

’ RESETS
PORTD | Port Data Latch when written; Port pins when read XXXX XXXX | uuuu uuuu
LATD LATD Data Output bits XXXX XXXX | uuuu uuuu
TRISD PORTD Data Direction bits 1111 1111 | 1111 1111
PORTE — — — — — RE2 RE1 REO ---- -000 | ---- -000
LATE = = = = = LATE Data Output bits ---- -XXX | ---- -uuu
TRISE IBF OBF IBOV PSPMODE — PORTE Data Direction bits 0000 -111 | 0000 -111
INTCON GIE/ PEIE/ | TMROIF 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 ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 | 0000 0000
IPR1 PSPIP ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP | 0000 0000 | 0000 0000
ADCON1 | ADFM | ADCS2 — — PCFG3 | PCFG2 | PCFG1 PCFGO | 00-- 0000 | 00-- 0000

Legend: x = unknown, u = unchanged, - = unimplemented, read as '0'. Shaded cells are not used by the Parallel Slave Port.
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14.0 CAPTURE/COMPARE/PWM
(CCP) MODULES

Each CCP (Capture/Compare/PWM) module contains
a 16-bit register which can operate as a 16-bit Capture
register, as a 16-bit Compare register or as a PWM
Master/Slave Duty Cycle register. Table 14-1 shows
the timer resources of the CCP Module modes.

The operation of CCP1 is identical to that of CCP2, with
the exception of the special event trigger. Therefore,
operation of a CCP module in the following sections is
described with respect to CCP1.

Table 14-2 shows the interaction of the CCP modules.

REGISTER 14-1: CCP1CON REGISTER/CCP2CON REGISTER

U-0 u-0 R/W-0

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

| — | — | pocxBt | DCxBO | CCPxM3 | CCPxM2 | CCPxM1 | CCPXMO

bit 7

bit 7-6  Unimplemented: Read as '0'

bit 0

bit 5-4  DCxB1:DCxB0: PWM Duty Cycle bit1 and bit0

Capture mode:
Unused

Compare mode:
Unused

PWM mode:

These bits are the two LSbs (bit1 and bit0) of the 10-bit PWM duty cycle. The upper eight bits
(DCx9:DCx2) of the duty cycle are found in CCPRxL.

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

0001 = Reserved

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

0011 = Reserved

0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
0111 = Capture mode, every 16th rising edge

1000 = Compare mode,

Initialize CCP pin Low, on compare match force CCP pin High (CCPIF bit is set)

1001 = Compare mode,

Initialize CCP pin High, on compare match force CCP pin Low (CCPIF bit is set)

1010 = Compare mode,

Generate software interrupt on compare match (CCPIF bit is set, CCP pin is unaffected)

1011 = Compare mode,

Trigger special event (CCPIF bit is set)

11xx = PWM mode

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

© 2006 Microchip Technology Inc.
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TABLE 14-3: 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/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 PSPIEM ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | 0000 0000 [ 0000 0000
IPR1 pspIP( ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP | TMR1IP [ 0000 0000 [ 0000 0000
TRISC PORTC 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
TICON | RD16 | — [T1CKPS1|T1CKPSO | T10SCEN| TISYNC | TMR1CS | TMRTON | 0-00 0000 |u-uu wuuu
CCPR1L |Capture/Compare/PWM Register1 (LSB) XXXX XXXX | uuuu uuuu
CCPR1H |Capture/Compare/PWM Register1 (MSB) XXXX XXXX | uuuu uuuu
ccPicoN| — | — | bciB1 | DC1Bo | CCP1M3 | CCP1M2 | CCP1M1 | CCPIMO | --00 0000 | --00 0000
CCPR2L |Capture/Compare/PWM Register2 (LSB) XXXX XXXX |uuuu uuuu
CCPR2H |Capture/Compare/PWM Register2 (MSB) XXXX XXXX |uuuu uuuu
CCP2CON — — DC2B1 DC2B0 | CCP2M3 | CCP2M2 | CCP2M1 | CCP2MO | --00 0000 [ --00 0000
PIR2 — — — EEIE BCLIF LVDIF | TMR3IF | CCP2IF | ---0 0000 |---0 0000
PIE2 — — — EEIF BCLIE LVDIE | TMR3IE | CCP2IE | ---0 0000 |---0 0000
IPR2 — — — EEIP BCLIP LVDIP | TMR3IP | CCP2IP | ---1 1111 |---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 | T3CCP2 |T3CKPSt | T3CKPS0| T3CCP1 | TBSYNC | TMR3CS | TMRSON | 0000 0000 | uuuu uuuu

Legend: x = unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by Capture and Timer1.

Note 1: The PSPIF, PSPIE and PSPIP bits are reserved on the PIC18F2x2 devices; always maintain these bits clear.
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14.5 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC I/O data
latch.

Figure 14-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 14.5.3.

SIMPLIFIED PWM BLOCK
DIAGRAM

FIGURE 14-3:

Duty Cycle Registers —— CCP1CON<5:4>

| CCPRIL ‘

|CCPR1H (Slave) ‘

| Comparator i R Q
1T RC2/CCP1
| TMR2 ‘ (Note 1)‘
—|S
Comparator TRISC<2>

Clear Timer,

CCP1 pin and

latch D.C.

Note: 8-bit timer is concatenated with 2-bit internal Q clock or 2
bits of the prescaler to create 10-bit time-base.

A PWM output (Figure 14-4) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 14-4: PWM OUTPUT

Period

| L =

'
. Duty Cycle
. TMR2 = PR2
ﬁ TMR2 = Duty Cycle

TMR2 = PR2

14.5.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:
PWM period = (PR2) +1] 4« TOSC*
(TMR2 prescale value)

PWM frequency is defined as 1 / [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

e TMR2 is cleared

e The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)

e The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note: The Timer2 postscaler (see Section 12.0)
is not used in the determination of the
PWM frequency. The postscaler could be
used to have a servo update rate at a
different frequency than the PWM output.

14.5.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRI1L register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM duty cycle = (CCPR1L:CCP1CON<5:4>)
Tosc » (TMR2 prescale value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read only register.

The CCPR1H register and a 2-bit internal latch are

used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.

When the CCPR1H and 2-bit latch match TMR2 con-
catenated with an internal 2-bit Q clock or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.

The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

og( Fosc)
PWM Resolution (max) = -—l—%hﬁ-bits
og

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.
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REGISTER 16-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER

RW-0  RMW-0 RWO RW-0 RWO RO R-0 R-x
| SPEN | Rx9 | SREN | CREN | ADDEN | FERR | OERR | RX9D
bit 7 bit 0

bit 7 SPEN: Serial Port Enable bit
1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)
0 = Serial port disabled
bit 6 RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception
bit 5 SREN: Single Receive Enable bit
Asynchronous mode:
Don’t care
Synchronous mode - Master:
1 = Enables single receive
0 =Disables single receive
This bit is cleared after reception is complete.
Synchronous mode - Slave:
Don’t care
bit 4 CREN: Continuous Receive Enable bit
Asynchronous mode:
1 = Enables receiver
0 = Disables receiver
Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive
bit 3 ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enable interrupt and load of the receive buffer
when RSR<8> is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit
bit 2 FERR: Framing Error bit
1 = Framing error (can be updated by reading RCREG register and receive next valid byte)
0 = No framing error
bit 1 OERR: Overrun Error bit
1 = Overrun error (can be cleared by clearing bit CREN)
0 = No overrun error
bit 0 RX9D: 9th bit of Received Data
This can be Address/Data bit or a parity bit, and must be calculated by user firmware.

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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TABLE 16-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

BAUD | FOsC=40MHz  gpppe 33 MHz SPBRG 25 MHz SPBRG 20 MHz SPBRG

RATE % value % value % value % value

(Kbps) | kgaup ERROR (decimal) | wpayp ERROR (decimal) | ygayp EmrrOR (decimal) | kpayp ERROR (decimal)
03 NA } } NA } } NA } } NA - }

1.2 NA ; ; NA ; ; NA ; ; NA ; ;
24 NA ; ; 2.40 -0.07 214 2.40 -0.15 162 240  +0.16 129
96 9.62 +0.16 64 9.55 -0.54 53 9.53 -0.76 40 947 136 32
192 | 1894  -1.36 32 19.10 -0.54 26 1953  +1.73 19 1953 +1.73 15
768 | 7813  +1.73 7 73.66 -4.09 6 7813  +1.73 4 7813 +173 3
96 | 8920  -6.99 6 10313 +7.42 4 9766  +1.73 3 10417  +8.51 2
300 | 31250  +4.17 1 257.81  -14.06 1 NA ; ; 31250  +4.17 0
500 625  +25.00 0 NA ; ; NA ; ; NA ; ;

HIGH | 625 ; 0 515.63 ; 0 390.63 ; 0 312.50 ; 0
LOW | 244 - 255 2.01 - 255 153 - 255 1.22 ; 255
BAUD | Fosc=16MHz oo 10 MHz SPBRG 7.15909 MHz SPBRG 5.0688 MHz SPBRG
RATE % value % value % value % value
(Kbps) | kgaup ERROR (decimal) | ypayp ErrOR (decimal) | ygayp ERRoR (decimal) | kpayp ERROR (decimal)
03 NA } ) NA } ) NA } } NA } }

1.2 120 +0.16 207 1.20 +0.16 129 1.20 +0.23 9 1.20 0 65
2.4 240  +0.16 103 2.40 +0.16 64 2.38 -0.83 46 2.40 0 32
96 962  +0.16 25 9.77 +1.73 15 9.32 2.90 1 990  +3.13 7
192 | 1923  +0.16 12 1953  +1.73 7 18.64 -2.90 5 19.80  +3.13 3

768 | 8333 4851 2 7813 +1.73 1 11186  +45.65 0 7920  +3.13 0

9 | 8333  -13.19 2 7843 -18.62 1 NA ; ; NA ; ;
300 250  -16.67 0 156.25  -47.92 0 NA ; ; NA ; ;
500 NA ; ; NA ; ; NA ; ; NA ; ;

HIGH | 250 ; 0 156.25 ; 0 111.86 ; 0 79.20 ; 0
LOW | 098 - 255 0.61 - 255 0.44 - 255 0.31 ; 255
BAUD | FOSC=4MHz  gpppe 3.579545 MHz SPBRG 1 MHz SPBRG 32.768 kHz SPBRG
RATE % va!ue % val_ue % val_ue % va!ue
(Kbps) | kgaup ERROR (decimal)| ypayp ERrom (decimal)| ypayp error (decimal)| kgayp ERROR (decimal)

03 0.30 016 207 0.30 +0.23 185 0.30 +0.16 51 026 1467 1
1.2 120  +1.67 51 1.19 -0.83 46 1.20 +0.16 12 NA ; ;
24 240  +1.67 25 243 +1.32 22 223 -6.99 6 NA ; ;
9.6 8.93 -6.99 6 9.32 -2.90 5 7.81 -18.62 1 NA ; ;
192 | 2083  +851 2 18.64 2.90 2 1563  -18.62 0 NA ; ;
768 | 6250  -18.62 0 5593  -27.17 0 NA ; ; NA ; ;

9% NA ; ; NA ; ; NA ; ; NA ; ;
300 NA ; ; NA ; ; NA ; ; NA ; ;
500 NA ; ; NA ; ; NA ; ; NA ; ;

HIGH | 62.50 ; 0 55.93 ; 0 15.63 ; 0 0.51 ; 0
LOW | 0.4 ; 255 0.22 ; 255 0.06 ; 255 0.002 - 255
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17.4 A/D Conversions

Figure 17-3 shows the operation of the A/D converter
after the GO bit has been set. Clearing the GO/DONE
bit during a conversion will abort the current conver-
sion. The A/D result register pair will NOT be updated
with the partially completed A/D conversion sample.
That is, the ADRESH:ADRESL registers will continue
to contain the value of the last completed conversion

FIGURE 17-3:

A/D CONVERSION Tap CYCLES

(or the last value written to the ADRESH:ADRESL reg-
isters). After the A/D conversion is aborted, a 2 TAD wait
is required before the next acquisition is started. After
this 2 TAD wait, acquisition on the selected channel is
automatically started. The GO/DONE bit can then be
set to start the conversion.

Note: The GO/DONE bit should NOT be set in
the same instruction that turns on the A/D.

Tcy - TAD TAaD1 TAD2 TAD3 TAD4 TAD5 TAD6 TAD7 TAD8 TAD9 TAD10 TAD11

Conversion Starts

Tbglb8lb7'b6'b5lb4 b3 b2 bl b0 b0

Holding capacitor is disconnected from analog input (typically 100 ns)

Set GO bit i

Next Q4: ADRESH/ADRESL is loaded, GO bit is cleared,
ADIF bit is set, holding capacitor is connected to analog input.

17.4.1 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/D result is loaded at the completion
of the A/D conversion. This register pair is 16-bits wide.
The A/D module gives the flexibility to left or right justify
the 10-bit result in the 16-bit result register. The A/D

Format Select bit (ADFM) controls this justification.
Figure 17-4 shows the operation of the A/D result justi-
fication. The extra bits are loaded with '0’s. When an
A/D result will not overwrite these locations (A/D
disable), these registers may be used as two general
purpose 8-bit registers.

FIGURE 17-4: A/D RESULT JUSTIFICATION
10-bit Result

ADFM =1 ADFM =0

. N . A N
7 2107 0 7 0765 0

000000 . . 0000 00
- Y AL Y J - Y A Y J
ADRESH ADRESL ADRESH ADRESL
10-bit Result 10-bit Result
Right Justified Left Justified
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FIGURE 18-2: LOW VOLTAGE DETECT (LVD) BLOCK DIAGRAM

VbD LVDIN

Q Register

LVD Control

16 to 1 MUX

Internally Generated
Reference Voltage
1.2V Typical

LVDEN ~|

T LA SAM AAM

_i} LVDIF
.

The LVD module has an additional feature that allows
the user to supply the trip voltage to the module from
an external source. This mode is enabled when bits
LVDL3:LVDLO are set to 1111. In this state, the com-
parator input is multiplexed from the external input pin,

LVDIN (Figure 18-3). This gives users flexibility,
because it allows them to configure the Low Voltage
Detect interrupt to occur at any voltage in the valid
operating range.

FIGURE 18-3: LOW VOLTAGE DETECT (LVD) WITH EXTERNAL INPUT BLOCK DIAGRAM
VDD rFr— - - - - - - - — — — — — — — — — — n
| VDD |
| LVD Control |
'—|X} . \{ Register |
|
/ LVDIN | x LVDEN |
Externally Generated | = g |
Trip Point -
| . 2 _‘)— VD |
| N T |
| VXEN |
: BODEN :
| j |
§ | |
e [L |
| 1 BGA |
= | - |
Lo 2
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18.2.1 REFERENCE VOLTAGE SET POINT

The Internal Reference Voltage of the LVD module may
be used by other internal circuitry (the Programmable
Brown-out Reset). If these circuits are disabled (lower
current consumption), the reference voltage circuit
requires a time to become stable before a low voltage
condition can be reliably detected. This time is invariant
of system clock speed. This start-up time is specified in
electrical specification parameter 36. The low voltage
interrupt flag will not be enabled until a stable reference
voltage is reached. Refer to the waveform in Figure 18-4.

18.2.2 CURRENT CONSUMPTION

When the module is enabled, the LVD comparator and
voltage divider are enabled and will consume static cur-
rent. The voltage divider can be tapped from multiple
places in the resistor array. Total current consumption,
when enabled, is specified in electrical specification
parameter #D022B.

18.3 Operation During SLEEP

When enabled, the LVD circuitry continues to operate
during SLEEP. If the device voltage crosses the trip
point, the LVDIF bit will be set and the device will wake-
up from SLEEP. Device execution will continue from
the interrupt vector address if interrupts have been
globally enabled.

18.4 Effects of a RESET

A device RESET forces all registers to their RESET
state. This forces the LVD module to be turned off.

© 2006 Microchip Technology Inc.
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REGISTER 19-6:

bit 7-4
bit 3

bit 2

bit 1

bit 0

REGISTER 19-7:

bit 7

bit 6

bit 5-0

CONFIGURATION REGISTER 5 LOW (CONFIG5L: BYTE ADDRESS 300008h)

U-0 U-0 U-0 U-0 RIC-1  R/C1  RIC1  RC-
— — — | — | cpa® [cpaW | cp1 | cpo |
bit 7 bit 0

Unimplemented: Read as ‘0’

CP3: Code Protection bit()

1 = Block 3 (006000-007FFFh) not code protected
0 = Block 3 (006000-007FFFh) code protected
CP2: Code Protection bit(")

1 = Block 2 (004000-005FFFh) not code protected
0 = Block 2 (004000-005FFFh) code protected
CP1: Code Protection bit

1 = Block 1 (002000-003FFFh) not code protected
0 = Block 1 (002000-003FFFh) code protected

CPO: Code Protection bit

1 = Block 0 (000200-001FFFh) not code protected
0 = Block 0 (000200-001FFFh) code protected

Note 1: Unimplemented in PIC18FX42 devices; maintain this bit set.

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

CONFIGURATION REGISTER 5 HIGH (CONFIG5H: BYTE ADDRESS 300009h)

RIC1  RI/C-1 U-0 U-0 U-0 U-0 U-0 U-0
CPD CPB - | = 1 = — - | = ]
bit 7 bit 0

CPD: Data EEPROM Code Protection bit

1 = Data EEPROM not code protected
0 = Data EEPROM code protected

CPB: Boot Block Code Protection bit

1 = Boot Block (000000-0001FFh) not code protected
0 = Boot Block (000000-0001FFh) code protected

Unimplemented: Read as ‘0’

Legend:
R = Readable bit C = Clearable bit U = Unimplemented bit, read as ‘0’
- n = Value when device is unprogrammed u = Unchanged from programmed state
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DAW Decimal Adjust W Register DECF Decrement f
Syntax: [ label] DAW Syntax: [ label] DECF f[,d[,a]
Operands: None Operands: 0<f<255
Operation: If [W<3:0> >9] or [DC = 1] then de [0,1]
(W<3:05) + 6 — W<3:05; ac[01]
else Operation: (f)—1 — dest
(W<3:0) - W<3:0>; Status Affected: G, DC, N, OV, Z
If [W<7:4> >9] or [C = 1] then Encoding: ‘ 0000 | 01lda ‘ fEfff | fEfff ‘
(W<7:4>) + 6 — W<7:4>; Description: Decrement register 'f'. If 'd' is 0, the
else result is stored in W. If 'd'is 1, the
(W<7:4>) —» W<7:4>; result is stored back in register 'f'
Status Affected: C (default). If 'a’ is 0, the Access
. Bank will be selected, overriding
Description: DAW adjusts the eight-bit value in bank will be selected as per the
W, resulting from the earlier addi- BSR value (default).
tion of two variables (each in Words: 1
packed BCD format) and produces
a correct packed BCD result. Cycles: 1
Words: 1 Q Cycle Activity:
Cycles: 1 Q1 Q2 Q3 Q4
o Decode Read Process Write to
Q Cycle Activity: register ' Data destination
Q1 Q2 Q3 Q4
Decode Read Process Write Example: DECF CNT, 1, O
register W Data W .
Before Instruction
Examplei: DAW CNT =  0x01
Before Instruction z = 0
w =  O0xA5 After Instruction
c - 0 CNT = 0x00
DC = 0 V4 = 1
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
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22.2 DC Characteristics: PIC18FXX2 (Industrial, Extended)
PIC18LFXX2 (Industrial) (Continued)

Standard Operating Conditions (unless otherwise stated)
DC CHARACTERISTICS Operating temperature -40°C < TA < +85°C for industrial
-40°C < TA £ +125°C for extended

P:lrce:m Symbol Characteristic Min Max Units Conditions
VoL Output Low Voltage

D080 I/O ports — 0.6 V |loL=8.5mA, VDD = 4.5V,
-40°C to +85°C

DO080A — 0.6 V |loL=7.0mA, VDD = 4.5V,
-40°C to +125°C

D083 0OSC2/CLKO — 0.6 V |loL=1.6 mA, VDD = 4.5V,

(RC mode) -40°C to +85°C
DO83A — 0.6 V |loL=1.2mA, VDD =4.5V,

-40°C to +125°C

VOH Output High Voltage®

D090 I/O ports VoD - 0.7 — V |loH=-3.0mA, VDD =4.5V,
-40°C to +85°C

D090A VoD - 0.7 — V |loH=-2.5mA, VDD =4.5V,
-40°C to +125°C

D092 OSC2/CLKO VDD - 0.7 — V |loH=-1.3mA, VDD =4.5V,

(RC mode) -40°C to +85°C

D092A VbD - 0.7 — V  |loH =-1.0 mA, VDD = 4.5V,
-40°C to +125°C

D150 |VoD Open Drain High Voltage — 8.5 V |RA4 pin

Capacitive Loading Specs
on Output Pins

D100¥ |Coscz2 |OSC2 pin — 15 pF |In XT, HS and LP modes
when external clock is used
to drive OSCA1

D101 |Cio All'I/O pins and OSC2 — 50 pF |To meet the AC Timing
(in RC mode) Specifications
D102 |CB SCL, SDA — 400 pF |In I°C mode

Note 1: In RC oscillator configuration, the OSC1/CLKI pin is a Schmitt Trigger input. It is not recommended that the
PICmicro device be driven with an external clock while in RC mode.

2: The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified
levels represent normal operating conditions. Higher leakage current may be measured at different input
voltages.

3: Negative current is defined as current sourced by the pin.

4: Parameter is characterized but not tested.

DS39564C-page 266 © 2006 Microchip Technology Inc.



PIC18FXX2

FIGURE 22-8: BROWN-OUT RESET TIMING
BVDD - - - -- -+ ‘—l
VDD fe—————
1 35 1
VBGAP = 1.2V
VIRVST / Typical

Enable Internal Reference Voltage

Internal Reference Voltage stable

TABLE 22-7: RESET, WATCHDOG TIMER, OSCILLATOR START-UP TIMER, POWER-UP TIMER
AND BROWN-OUT RESET REQUIREMENTS
Par\;'zm. Symbol Characteristic Min Typ Max Units Conditions
30 TmcL MCLR Pulse Width (low) 2 — — us
31 TwDT Watchdog Timer Time-out Period 7 18 33 ms
(No Postscaler)
32 TosT Oscillation Start-up Timer Period 1024 Tosc| — |1024 Tosc| — |Tosc =0SC1 period
33 TPWRT |Power up Timer Period 28 72 132 ms
34 Tioz I/0 Hi-impedance from MCLR Low — 2 — us
or Watchdog Timer Reset
35 TBOR Brown-out Reset Pulse Width 200 — — us |VDD < BvDD (see
DO005)
36 TivRsT |Time for Internal Reference — 20 500 us
Voltage to become stable
37 TLVD Low Voltage Detect Pulse Width 200 — — us |VDD < VLVD (see
D420)
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FIGURE 23-3: TYPICAL Ipp vs. Fosc OVER VbD (HS/PLL MODE)

20
18 1 Typical: statistical mean @ 25°C
Maximum: mean + 30 (-40°C to 125°C)
Minimum: mean — 3¢ (-40°C to 125°C)
) //SOV
" / — 45V 4
z — - —
E 10
a .
=]

| ———
é%

4 .
2
0
4 5 6 7 8 9 10
Fosc (MHz)
FIGURE 23-4: MAXIMUM Ipp vs. Fosc OVER Vbbp (HS/PLL MODE)
20
18 Typical: statistical mean @ 25°C 55V _]
Maximum: mean + 30 (-40°C to 125°C)
Minimum: mean — 3¢ (-40°C to 125°C) /
) /SOV
N / 4.5V
: — —
< / 4.2v
é 10 /
8

—

7
4 .
2 .
0 ;
4 5 6 7 8 9 10
Fosc (MHz)
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APPENDIX C: CONVERSION
CONSIDERATIONS

This appendix discusses the considerations for con-
verting from previous versions of a device to the ones
listed in this data sheet. Typically, these changes are
due to the differences in the process technology used.
An example of this type of conversion is from a
PIC16C74A to a PIC16C74B.

Not Applicable

APPENDIX D: MIGRATION FROM
BASELINE TO
ENHANCED DEVICES

This section discusses how to migrate from a Baseline

device (i.e., PIC16C5X) to an Enhanced MCU device
(i.e., PIC18FXXX).

The following are the list of modifications over the
PIC16C5X microcontroller family:

Not Currently Available
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TBLRD ..o
TBLWT .....
TSTFSZ .... .
XORLW e
XORWE .
Summary Table .
Instructions in Program Memory ..........ccccoceeiieiinieeninnes 40
Two-Word InStructions ........cccocvveeiiieinieeeeee e 41

INT Interrupt (RBO/INT). See Interrupt Sources
INTCON Register

RBIF Bit .eeiiieieeiee e 90
INTCON Registers .......cooceeviiiiiieiieiiie e 75-77
Inter-Integrated Circuit. See I°C
INtEITUPE SOUICES .o

A/D Conversion Complete

Capture Complete (CCP) .

Compare Complete (CCP) ...cceeveevveveeeeeceee e 120

INTO e 85

Interrupt-on-Change (RB7:RB4 ) . ....90

PORTB, Interrupt-on-Change ...... ....85

RBO/INT Pin, External ...........

TIMRBRO e e

TMRO Overflow

TMR1 Overflow

TMR2 to PR2 MatCh .......cooceiiiiiiiiieiieeieceeseeeeee

TMR2 to PR2 Match (PWM) ......cccccvvviveieennen.

TMR3 Overflow .......cccoveveeininiecnennne,

USART Receive/Transmit Complete ..
0] Y U] o) SRR .

LOGIC .t e
Interrupts, Enable Bits

CCP1 Enable (CCP1IE Bit) ...cocvveieiiiecieeeeieeeeee 119
Interrupts, Flag Bits

A/D Converter Flag (ADIF Bit) ......ccoevvvieiiiiiicieee. 183

CCP1 Flag (CCP1IF Bit) ..covvvveveieeieeiiecieeeeeeeeeenn 119

CCP1IF Flag (CCP1IF Bit) ...cccvvvvivieniiieievieeecee 120

Interrupt-on-Change (RB7:RB4) Flag

(RBIF Bit)

K

KeeLoQ Evaluation and Programming Tools ................... 256

L

LSRR e s 235
Lookup Tables
Computed GOTO .....ooviiiiiecie e
Table Reads, Table Writes ... .
Low Voltage Detect .........cccooeiiiiiiiiiiiiee e,
Converter CharacteristiCs .........cccecvevieiiieeneinieeeeeenn
Effects of a RESET .
OPeration ........coceecieiiiiiiieeee e
Current Consumption .......ccoccceveeeceeeviceeeesieenenns
During SLEEP .......cccieieins
Reference Voltage Set Point ...
Typical Application .........ccccceveneen. .
LVD. See Low Voltage Detect. ........cccoviiiiiiiiiiiiccieen. 189

Master SSP (MSSP) Module Overview ............cccccecueeneee. 125

Master Synchronous Serial Port (MSSP). See MSSP.

Master Synchronous Serial Port. See MSSP

Memory Organization
Data Memory ........
Program Memory

Memory Programming Requirements ............c.ccoceveenen.

Migration from Baseline to Enhanced Devices ................

Migration from High-End to Enhanced Devices ...

Migration from Mid-Range to Enhanced Devices ....

MOVF .o

MOVFEF e s
MOVLB .ot
MOVLW .....
MOVWEF .....
MPLAB C17 and MPLAB C18 C Compilers ...
MPLAB ICD In-Circuit Debugger .........ccceevvvieinierneeennen.
MPLAB ICE High Performance Universal In-Circuit
Emulator with MPLAB IDE ..........cccoeeiininieienene. 254
MPLAB Integrated Development
Environment Software ..........cccoccevinieiinnic e, 253
MPLINK Object Linker/MPLIB Object Librarian ............... 254
MSSP .. s 125
Control Registers (general) ........cccocvvieiniiiiennnennne. 125
Enabling SPI /O .....oociiiiiici e 129
(071 -1 {1 o R 128
Typical ConnNection ..........ccecueeiieeiiienieniee e 129
MSSP Module
SPI Master Mode ........cccoovveeeiirieeee e 130

Opcode Field Descriptions .........ccccceeviiiieiieeiicnieeees 212
OPTION_REG Register

PSA Bit oo
TOCS Bit ...
TOPS2:TOPSO Bits
TOSE Bit .....ccvenee.
Oscillator Configuration

Oscillator Selection ..........ccoccvvieeiieeicieeee e
Oscillator, Timer1 ....
Oscillator, Timer3 ....
Oscillator, WDT ...
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P
Packaging ....cooceeiiiiieeiie e e 305
Details ..oooeiiii 307
Marking Information ...........cccccoeiiiiiiininnic e, 305
Parallel Slave Port
PORTD ..ottt
Parallel Slave Port (PSP)
Associated Registers ..., 101
REO/RD/ANS Pin ..o
RE1/WR/ANG Pin ...
RE2/CS/ANT Pin ..o
Select (PSPMODE Bit) ......cccccoiiiiiiiiiieeiieeee, 95,100
PIC18F2X2 Pin Functions
MCLR/VPP .. 10
OSCH/CLKI .o 10
OSC2/CLKO/RAB ......ooiiiiiiieiiieeie e 10

RAOQ/AND ..ottt 10
RAT/ANT e 10
RA2/AN2/VREF- .....ccccttieie ettt ea e 10

RAS/ANS/VREFF ..ocoovveeveeneeesssssssenseesseeesssssssseoeneene 10
RAATOCKI oo 10
RAS/ANA/SS/LYDIN ...covvrerrrinneeenenerssssssneeenneen 10

RBO/INTO ..o 11
RB1/INTT e 11
RB2/INT2 ..o 11
RB3/CCP2 ..o 11
RB4 o, 11
RB5/PGM ......cooviiiiiiiiiiic e 11
RB6/PGC

RB7/PGD

RCO/T1OSO/TICKI ..o, 12
RC1/T10SI/CCP2 .......coovviiiiiicecee 12
RC2/CCP1

RC3/SCK/SCL ...cvviiiiiiiiiiiici 12
RC4/SDI/SDA ..o 12
RC5/SDO

RCB/TX/CK ..o, 12
RC7/RX/DT oot 12

PIC18F4X2 Pin Functions

MCLR/VPP ...ttt 13
OSCA/CLKI ...t 13
(01510727 @] I (@ SRS 13
RAO/ANO

RA1/AN1

RA2/AN2/VREF- .....uvieiiciiieeseeeeeseeeeeeee e seeeaesneaeansneeens 13
RASB/ANS/VREF+ ..coceiiiiiiiiiieee ettt ee et ee e 13

RAATOCKI o sesssmsesssessse s 13
RAS/ANA/SS/LYDIN ...vovvverrreeemmeeenensresssssnneenenee 13
RBO/INT oooverenenecesennnessssssssssssens s 14

RBT o, 14
RB2 .o 14
RB3 o, 14
RB4 o, 14
RB5/PGM ......cooiiiiiiiiiiic e 14
RBB/PGC ..o 14
RB7/PGD ... 14
RCO/T1OSO/TACKI ...ocvviiiiiiiiceeeec 15
RC1/T10SI/CCP2 .......cooviiciiiccerc 15
RC2/CCP1 ..o 15
RC3/SCK/SCL ..ot 15
RC4/SDI/SDA ..o 15
RC5/SDO ..o, 15
RCB/TX/CK ..o 15

RC7/RX/DT ettt e 15
RDO/PSPO ..ottt 16
RD1/PSP1 ...
RD2/PSP2 ..ottt 16
RDB/PSP3 ...ttt 16
RD4/PSP4 .... .. 16
RD5/PSP5 ... .16
RD6/PSP6 .... .16
RD7/PSP7 .... .. 16
REO/RD/ANS ... .16
RE1/WR/ANG ... .16
RE2/CS/ANT .... .16
VDD ..... ... 16
VS it 16
PIC18FXX2 Voltage-Frequency Graph
(INdustrial) .....ccveeiiiiie s 260
PIC18LFXX2 Voltage-Frequency Graph
(INAUSLHA) ©eveeeeeee e 260
PICDEM 1 Low Cost PICmicro
Demonstration Board ............cccocciiiiiiiiniiiiicees 255
PICDEM 17 Demonstration Board ...........cccccoovveiernenene 256
PICDEM 2 Low Cost PIC16CXX
Demonstration Board ............cccocciiiiiiiiiiiiiicees 255
PICDEM 3 Low Cost PIC16CXXX
Demonstration Board ............cccocciiniiiiiniiiiiees 256
PICSTART Plus Entry Level Development
Programmer .........coooeeiiiiien e 255
PIE REQISters .....ccociiiiiiiiiicieceei e 80-81
Pinout I/O Descriptions
PICTI8F2X2 ... s
PIR REQISIErS ....cooiiiiiiiiie e
PLL Lock Time-out ...
Pointer, FSR ...
POP e
POR. See Power-on Reset
PORTA
Associated Registers .........cccoviiviiiiiiiiie i 89
LATA Register ...........
PORTA Register
TRISA REGIStEr ...t
PORTB
Associated Registers ..... e 92
LATB Register ........... ... 90
PORTB Register ............ ... 90
RBO/INT Pin, External ........cccccoovvvveiiiecciceene ... 85
RB7:RB4 Interrupt-on-Change Flag (RBIF Bit) .......... 90
TRISB REGIStEr ....c.eviiiiiiiiiiiiiee e 90
PORTC
Associated Registers .........ccccoviiviiiiiiiiccieees 94
LATC RegisSter .....cooiiiiiiiiieieieeie e
PORTC REQGISLET ...coveeieieiiieeieeeceee et
RC3/SCK/SCL Pin .. .
RC7/RX/DT PiN et
TRISC REGISter oo
PORTD
Associated Registers ........ccccoviiiiiiiiiiiic i 96
LATD REQIStEr ..coveeiieieie e 95
Parallel Slave Port (PSP) Function .... ... 95
PORTD ReQiSter ......ccooueiiiiiiieiiciereceee e 95
TRISD REGISIEN ..ciiiiiieieeeeeeee e 95
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