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PIC18FXX2

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and
enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

¢ Microchip’s Worldwide Web site; http://www.microchip.com
* Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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NOTES:
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4.14 RCON Register

The Reset Control (RCON) register contains flag bits
that allow differentiation between the sources of a
device RESET. These flags include the TO, PD, POR,
BOR and Rl bits. This register is readable and writable.

REGISTER 4-3:

bit 7

bit 6-5
bit 4

bit 3

bit 2

bit 1

bit 0

Brown-out Reset.

Note 1: If the BOREN configuration bit is set
(Brown-out Reset enabled), the BOR bit is
1’ on a Power-on Reset. After a Brown-
TA PO POR out Reset has occurred, the BOR bit will
be cleared, and must be set by firmware to
indicate the occurrence of the next

2: Itis recommended that the POR bit be set
after a Power-on Reset has been
detected, so that subsequent Power-on
Resets may be detected.

RCON REGISTER

R/W-0 u-0 uU-0 R/W-1 R-1 R-1 R/W-0 R/W-0
IPEN — — RI TO PD POR BOR
bit 7 bit 0
IPEN: Interrupt Priority Enable bit
1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (16CXXX Compatibility mode)
Unimplemented: Read as '0'
RI: RESET Instruction Flag bit
1 = The RESET instruction was not executed
0 = The RESET instruction was executed causing a device RESET
(must be set in software after a Brown-out Reset occurs)
TO: Watchdog Time-out Flag bit
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0 = A WDT time-out occurred
PD: Power-down Detection Flag bit
1 = After power-up or by the CLRWDT instruction
0 = By execution of the SLEEP instruction
POR: Power-on Reset Status bit
1 = A Power-on Reset has not occurred
0 = A Power-on Reset occurred
(must be set in software after a Power-on Reset occurs)
BOR: Brown-out Reset Status bit
1 = A Brown-out Reset has not occurred
0 = A Brown-out Reset occurred
(must be set in software after a Brown-out Reset occurs)
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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10.0 TIMERO MODULE Figure 10-1 shows a simplified block diagram of the
Timer0 module in 8-bit mode and Figure 10-2 shows a
The Timer0 module has the following features: simplified block diagram of the Timer0 module in 16-bit
¢ Software selectable as an 8-bit or 16-bit timer/ mode.
counter The TOCON register (Register 10-1) is a readable and
* Readable and writable writable register that controls all the aspects of Timer0,
* Dedicated 8-bit software programmable prescaler including the prescale selection.

Clock source selectable to be external or internal

Interrupt-on-overflow from FFh to 00h in 8-bit
mode and FFFFh to 0000h in 16-bit mode

Edge select for external clock

REGISTER 10-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2-0

TOCON: TIMERO CONTROL REGISTER

R/W-1 R/W-1 RW-1  RW-1  RW-1  RW-1 RW-1  RM-i
| TMROON | T08BIT | Tocs | TOSE | PSA | ToPs2 | TOPSt | TOPSO
bit 7 bit 0

TMROON: Timer0 On/Off Control bit

1 = Enables Timer0

0 = Stops Timer0

TO8BIT: Timer0 8-bit/16-bit Control bit

1 = TimerO0 is configured as an 8-bit timer/counter

0 = TimerO is configured as a 16-bit timer/counter
TOCS: Timer0 Clock Source Select bit

1 = Transition on TOCKI pin

0 = Internal instruction cycle clock (CLKO)

TOSE: Timer0 Source Edge Select bit

1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
PSA: Timer0 Prescaler Assignment bit

1 = TImerO0 prescaler is NOT assigned. Timer0 clock input bypasses prescaler.
0 = TimerO0 prescaler is assigned. Timer0 clock input comes from prescaler output.
TOPS2:TOPSO: TimerO Prescaler Select bits

111 = 1:256 prescale value

110 = 1:128 prescale value

101 = 1:64 prescale value

100 = 1:32 prescale value

011 = 1:16 prescale value

010 =1:8 prescale value

001 = 1:4 prescale value

000 =1:2 prescale value

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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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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14.4 Compare Mode

In Compare mode, the 16-bit CCPR1 (CCPR2) register
value is constantly compared against either the TMR1
register pair value, or the TMR3 register pair value.
When a match occurs, the RC2/CCP1 (RC1/CCP2) pin
is:

e driven High

e driven Low

* toggle output (High to Low or Low to High)

* remains unchanged

The action on the pin is based on the value of control

bits CCP1M3:CCP1M0 (CCP2M3:CCP2M0). At the
same time, interrupt flag bit CCP1IF (CCP2IF) is set.

14.4.1 CCP PIN CONFIGURATION

The user must configure the CCPx pin as an output by
clearing the appropriate TRISC bit.

Note: Clearing the CCP1CON register will force
the RC2/CCP1 compare output latch to the
default low level. This is not the PORTC
1/0 data latch.

14.4.2 TIMER1/TIMER3 MODE SELECTION

Timer1 and/or Timer3 must be running in Timer mode
or Synchronized Counter mode if the CCP module is
using the compare feature. In Asynchronous Counter
mode, the compare operation may not work.

14.4.3 SOFTWARE INTERRUPT MODE

When generate software interrupt is chosen, the CCP1
pin is not affected. Only a CCP interrupt is generated (if
enabled).

14.4.4 SPECIAL EVENT TRIGGER

In this mode, an internal hardware trigger is generated,
which may be used to initiate an action.

The special event trigger output of CCP1 resets the
TMR1 register pair. This allows the CCPR1 register to
effectively be a 16-bit programmable period register for
Timeri.

The special trigger output of CCPx resets either the
TMR1 or TMRS3 register pair. Additionally, the CCP2
Special Event Trigger will start an A/D conversion if the
A/D module is enabled.

Note: The special event trigger from the CCP2
module will not set the Timer1 or Timer3
interrupt flag bits.

FIGURE 14-2: COMPARE MODE OPERATION BLOCK DIAGRAM

Special Event Trigger will:

and set bit GO/DONE (ADCONO0<2>)
which starts an A/D conversion (CCP2 only)

Special Event Trigger

Reset Timer1 or Timer3, but not set Timer1 or Timer3 interrupt flag bit,

Set Flag bit CCP1IF

CCPR1H| CCPR1L

E < Q S Output
RC2/CCP1 pin T R Logie
TRISC<2>
Output Enable CCP1CON<3:0>
Mode Select

Special Event Trigger

Set Flag bit CCP2IF  T3CCP1

v omparator
Match Comp

| TMR1H| TMRIL | | TMR3H | TMRSL |

T3CCP2

Comparator

|Z <] Q S Output
RC1/CCP2 pin Tl R Logic
TRISC<1>
Output Enable CCP2CON<3:0>
Mode Select

Match

£y
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15.3.6 SLAVE MODE

In Slave mode, the data is transmitted and received as
the external clock pulses appear on SCK. When the
last bit is latched, the SSPIF interrupt flag bit is set.

While in Slave mode, the external clock is supplied by
the external clock source on the SCK pin. This external
clock must meet the minimum high and low times as
specified in the electrical specifications.

While in SLEEP mode, the slave can transmit/receive
data. When a byte is received, the device will wake-up
from sleep.

15.3.7 SLAVE SELECT
SYNCHRONIZATION

The SS pin allows a Synchronous Slave mode. The
SPI must be in Slave mode with SS pin control enabled
(SSPCON1<3:0> = 04h). The pin must not be driven
low for the SS pin to function as an input. The Data
Latch must be high. When the SS pin is low, transmis-
sion and reception are enabled and the SDO pin is
driven. When the SS pin goes high, the SDO pin is no

FIGURE 15-4:

longer driven, even if in the middle of a transmitted
byte, and becomes a floating output. External pull-up/
pull-down resistors may be desirable, depending on the
application.

Note 1: When the SPI is in Slave mode with SS
pin control enabled (SSPCON<3:0> =
0100), the SPI module will reset if the SS
pin is set to VDD.

2; Ifthe SPIis used in Slave mode with CKE
set, then the SS pin control must be

enabled.

When the SPI module resets, the bit counter is forced
to 0. This can be done by either forcing the SS pin to a
high level or clearing the SSPEN bit.

To emulate two-wire communication, the SDO pin can
be connected to the SDI pin. When the SPI needs to
operate as a receiver the SDO pin can be configured as
an input. This disables transmissions from the SDO.
The SDI can always be left as an input (SDI function),
since it cannot create a bus conflict.

SLAVE SYNCHRONIZATION WAVEFORM

=

SCK
(CKP =0

]

CKE = 0)

SCK
(CKP = 1
CKE = 0)

Write to

SSPBUF - l . i :

SDO

SDI ' : ;
e O o>
Input X : ! ! ' ' ' : : !
Sample . . T ' T ' ' . T , T , SST ) T ' ?
(SMP=0) | | ' ' | : ' | | .
SSPIF f f ' ' ' ' ' ! !

Interrupt (C

Flag ) Next Q4 cycle
SSPSR to ¢ after Q24
SSPBUF S)
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15.4.5 GENERAL CALL ADDRESS
SUPPORT

The addressing procedure for the 12C bus is such that
the first byte after the START condition usually deter-
mines which device will be the slave addressed by the
master. The exception is the general call address,
which can address all devices. When this address is
used, all devices should, in theory, respond with an
Acknowledge.

The general call address is one of eight addresses
reserved for specific purposes by the I2C protocol. It
consists of all 0’s with R/W = 0.

The general call address is recognized when the Gen-
eral Call Enable bit (GCEN) is enabled (SSPCON2<7>
set). Following a START bit detect, 8-bits are shifted
into the SSPSR and the address is compared against
the SSPADD. It is also compared to the general call
address and fixed in hardware.

If the general call address matches, the SSPSR is
transferred to the SSPBUF, the BF flag bit is set (eighth

bit), and on the falling edge of the ninth bit (ACK bit),
the SSPIF interrupt flag bit is set.

When the interrupt is serviced, the source for the inter-
rupt can be checked by reading the contents of the
SSPBUF. The value can be used to determine if the
address was device specific or a general call address.

In 10-bit mode, the SSPADD is required to be updated
for the second half of the address to match, and the UA
bit is set (SSPSTAT<1>). If the general call address is
sampled when the GCEN bit is set, while the slave is
configured in 10-bit Address mode, then the second
half of the address is not necessary, the UA bit will not
be set, and the slave will begin receiving data after the
Acknowledge (Figure 15-15).

FIGURE 15-15: SLAVE MODE GENERAL CALL ADDRESS SEQUENCE
(7 OR 10-BIT ADDRESS MODE)
Address is compared to General Call Address
l after ACK, set interrupt
.- AW =0 Receiving data ACK
SDA _j_\ X General Call Address mmmm@m
SCL ‘ |

SSPIF

BF (SSPSTAT<0>)

SSPOV (SSPCON1<6>)

I I— Cleared in software
SPBUF is read

GCEN (SSPCON2<7>)
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FIGURE 16-2: ASYNCHRONOUS TRANSMISSION
Write to TXREG I ¢
BRG Output Word 1
utpu '
(Shift Clock) — L l l l N a— | | —
RC6/TX/CK (pi L ! '
(pin) . START bit bito X bit1_X__§§ > bit7/8 /S0P biIt |
TXIF bit Lo Word 1 ' -
(Transmit Buffer ' cc !
Reg. Empty Flag) I_I ) :
. Word1 — !
TRMT bit . . \
(Transmit Shift Transmit Shift Reg .
Reg. Empty Flag)
] qe
JJ

FIGURE 16-3: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)

Write to TXREG 1 ! C
BRG Outbut Word 1 Word 2 J)
(Shift clforc)ﬁ) ' ' L ' L L I 5 5_' | I 1 1
RC6/TX/CK (pin ! i )
IF bt (pin) NSTART bit < bit0 X bit1 _>X__ §§ X bit7/8 /sTOP bit \START bit " bit 0
(Interrupt Reg. Flag) -I Word 1 | Word 2
L I (¢
(TTFWIT it shi word 1 Word2 —*
ransmit Shi Transmit Shift Reg. -
Reg. Empty Flag) g Transmit Shift Reg.
C
JJ

Note: This timing diagram shows two consecutive transmissions.

TABLE 16-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

. . . . . . . . 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() 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
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 locations read as '0'.
Shaded cells are not used for Asynchronous Transmission.
Note 1: The PSPIF, PSPIE and PSPIP bits are reserved on the PIC18F2X2 devices; always maintain these bits clear.

© 2006 Microchip Technology Inc. DS39564C-page 173



PIC18FXX2

17.0 COMPATIBLE 10-BIT
ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) converter module has five

inputs for the PIC18F2X2 devices and eight for the

PIC18F4X2 devices. This module has the ADCONO

and ADCONT register definitions that are compatible
with the mid-range A/D module.

The A/D allows conversion of an analog input signal to
a corresponding 10-bit digital number.

REGISTER 17-1: ADCONO REGISTER

The A/D module has four registers. These registers
are:

* A/D Result High Register (ADRESH)

* A/D Result Low Register (ADRESL)

* A/D Control Register 0 (ADCONO)

¢ A/D Control Register 1 (ADCONT1)

The ADCONO register, shown in Register 17-1, con-
trols the operation of the A/D module. The ADCON1

register, shown in Register 17-2, configures the
functions of the port pins.

RWO RW-O RW-0 RWO RWO0  RWoO U0  RW-0
| ADCS1 | ADCSO | CHS2 | CHSt | CHSo |GODONE| — | ADON
bit 7 bit 0

bit7-6  ADCS1:ADCSO0: A/D Conversion Clock Select bits (ADCONO bits in bold)

ADCONT1 ADCONO
<ADCS2> | <ADCS1:ADCSO0>

Clock Conversion

00

01

10

11

FRc (clock derived from the internal A/D RC oscillator)

00

01

10

R|R|R[Rr|O|O|O|O

11

FRC (clock derived from the internal A/D RC oscillator)

bit 5-3  CHS2:CHSO0: Analog Channel Select bits

000 = channel 0, (ANO)
001 = channel 1, (AN1)
010 = channel 2, (AN2)
011 = channel 3, (AN3)
100 = channel 4, (AN4)
101 = channel 5, (AN5)
110 = channel 6, (AN6)
111 = channel 7, (AN7)

Note: The PIC18F2X2 devices do not implement the full 8 A/D channels; the unimplemented
selections are reserved. Do not select any unimplemented channel.

bit 2 GO/DONE: A/D Conversion Status bit

When ADON = 1:

1 = A/D conversion in progress (setting this bit starts the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete)

0 = A/D conversion not in progress

bit 1 Unimplemented: Read as '0'
bit 0 ADON: A/D On bit

1 = A/D converter module is powered up
0 = A/D converter module is shut-off and consumes no operating current

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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17.2 Selecting the A/D Conversion Clock

The A/D conversion time per bit is defined as TAD. The
A/D conversion requires 12 TAD per 10-bit conversion.
The source of the A/D conversion clock is software
selectable. The seven possible options for TAD are:

e 2TOSC

e 4T0sC

e 8 Tosc

e 16 Tosc

e 32 Tosc

e 64 Tosc

¢ Internal A/D module RC oscillator (2-6 us)

For correct A/D conversions, the A/D conversion clock

(TAD) must be selected to ensure a minimum TAD time
of 1.6 us.

Table 17-1 shows the resultant TAD times derived from
the device operating frequencies and the A/D clock
source selected.

17.3 Configuring Analog Port Pins

The ADCONT1, TRISA and TRISE registers control the
operation of the A/D port pins. The port pins that are
desired as analog inputs, must have their corresponding
TRIS bits set (input). If the TRIS bit is cleared (output),
the digital output level (VoH or VoL) will be converted.

The A/D operation is independent of the state of the
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, all pins con-
figured as analog input channels will read
as cleared (a low level). Pins configured as
digital inputs will convert an analog input.
Analog levels on a digitally configured input
will not affect the conversion accuracy.

2: Analog levels on any pin that is defined as
a digital input (including the AN4:ANO
pins) may cause the input buffer to con-
sume current that is out of the device’s

specification.

TABLE 17-1:  TAD vs. DEVICE OPERATING FREQUENCIES

AD Clock Source (TAD) Maximum Device Frequency
Operation ADCS2:ADCSO0 PIC18FXX2 PIC18LFXX2
2 Tosc 000 1.25 MHz 666 kHz
4 Tosc 100 2.50 MHz 1.33 MHz
8 Tosc 001 5.00 MHz 2.67 MHz
16 Tosc 101 10.00 MHz 5.33 MHz
32 Tosc 010 20.00 MHz 10.67 MHz
64 Tosc 110 40.00 MHz 21.33 MHz
RC 011 — —

DS39564C-page 186
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CPFSGT Compare f with W, skip if f > W CPFSLT Compare f with W, skip if f <W
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: () — (W), Operation: () = (W),
skip if (f) > (W) skip if (f) < (W)
(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 W by performing an of W by performing an unsigned
unsigned subtraction. 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 W, then the fetched
fetched instruction is discarded and instruction is discarded and a NOP
a NOP is executed instead, making is executed instead, making this a
this a two-cycle instruction. If ‘a’ is two-cycle instruction. If ‘a’ is 0, the
0, the Access Bank will be Access Bank will be selected. If ’a’
selected, overriding the BSR value. is 1, the BSR will not be overridden
If ‘@’ = 1, then the bank will be (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.
Note: 3 cycles if skjp and followed Q Cycle Activity:
by a 2-word instruction. Q1 Q2 Q3 Q4
Q Cycle Activity: Decode Read Process No
Q1 Q2 Q3 Q4 register 'f Data operation
Decode Read Process No If skip:
register 'f' Data operation Qi Q2 Q3 Q4
If skip: No No No No
Q1 Q2 Qs Q4 operation operation operation operation
No No No No If skip and followed by 2-word instruction:
operatlon operatlon operatlon operatlon Q1 Q2 03 Q4
If skip and followed by 2-word instruction: No No No No
Q1 Q2 Q3 Q4 operation operation operation operation
No No No No No No No No
operation operation operation operation operation operation operation operation
No No No No
operation operation operation operation Example: HERE CPFSLT REG, 1
NLESS
Example: HERE CPFSGT REG, 0 LESS
NGREATER Before Instruction
GREATER PC = Address (HERE)
Before Instruction w = 7
PC = Address (HERE) After Instruction
w = 7 If REG < W,
After Instruction PC = Address (LESS)
. If REG > W
If REG > W PC = Address (NLESS)
PC = Address (GREATER)
If REG < W
PC = Address (NGREATER)
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LFSR Load FSR MOVF Move f
Syntax: [ label] LFSR fk Syntax: [ label] MOVF f[,d[,a]
Operands: 0<f<2 Operands: 0<f<255
0 <k <4095 de [0,1]
Operation: k — FSRf ac 0]
Status Affected:  None Operation: f— dest
Encoding: 1110 | 1110 | 00ff |k kkk Status Affected: N, Z
1111 0000 | kskkk | kkkk Encoding: ‘ 0101 | 00da ‘ fEEF | fEEE ‘
Description: The 12-bit literal 'k' is loaded into Description: The contents of register 'f are
the file select register pointed to moved to a destination dependent
by 'f. upon the status of 'd’. If 'd' is 0, the
Words: 2 result is placed in W. If 'd' is 1, the
Cvcles: 5 result is placed back in register 'f'
yeles: (default). Location 'f' can be any-
Q Cycle Activity: where in the 256 byte bank. If 'a’ is
Q1 Q2 Q3 Q4 0, the Access Bank will be
Decode | Read literal | Process Write selected, overriding the BSR value.
k' MSB Data literal 'k’ If ‘a’ = 1, then the bank will be
MSB to selected as per the BSR value
FSRfH (default).
Decode Read literal Process Write literal Words: 1
'k' LSB Data 'k' to FSRfL
Cycles: 1
Example: LFSR 2, 0x3AB Q Cycle Activity:
After Instruction Qi Q2 Qs Q4
FSR2H =  0x03 Decode Read Process Write W
FSRaL = OxAB register 'f' Data
Example: MOVF  REG, 0, 0
Before Instruction
REG = 0x22
w = OxFF
After Instruction
REG = 0x22
w = 0x22
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FIGURE 22-12: EXAMPLE SPI MASTER MODE TIMING (CKE = 0)
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Note: Refer to Figure 22-4 for load conditions.

TABLE 22-11: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 0)

Pal\;'zm. Symbol Characteristic Min Max | Units | Conditions
70 TssL2scH, |SSI to SCK{ or SCKT input Tey — | ns
TsslL2scL
71 TscH SCK input high time Continuous 1.25Tcy +30 | — ns
71A (Slave mode) Single Byte 40 — | ns |[(Note1)
72 TscL SCK input low time Continuous 1.25Tcy +30 | — ns
72A (Slave mode) Single Byte 40 — | ns |(Note1)
73 TdiV2scH, |Setup time of SDI data input to SCK edge 100 — ns
TdiV2scL
73A TB2B Last clock edge of Byte1 to the 1st clock edge of Byte2| 1.5Tcy +40 | — ns |(Note 2)
74 TscH2diL, |Hold time of SDI data input to SCK edge 100 — ns
TscL2diL
75 TdoR SDO data output rise time PIC18FXXX — 25 ns
PIC18LFXXX — 60 ns |VbD=2V
76 TdoF SDO data output fall time PIC18FXXX — 25 ns
PIC18LFXXX — 60 ns |VDD =2V
78 TscR SCK output rise time PIC18FXXX — 25 ns
(Master mode) PIC18LFXXX — 60 | ns |Vbp=2V
79 TscF SCK output fall time (Master mode) | PIC18FXXX — 25 ns
PIC18LFXXX — 60 ns |VbD=2V
80 TscH2doV, |SDO data output valid after SCK |PIC18FXXX — 50 ns
TscL2doV |edge PIC18LFXXX — 150 | ns |Vbp=2V

Note 1: Requires the use of Parameter # 73A.
2: Only if Parameter # 71A and # 72A are used.

DS39564C-page 278 © 2006 Microchip Technology Inc.



PIC18FXX2

FIGURE 22-13: EXAMPLE SPI MASTER MODE TIMING (CKE = 1)
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Note: Refer to Figure 22-4 for load conditions.

TABLE 22-12: EXAMPLE SPI MODE REQUIREMENTS (MASTER MODE, CKE = 1)

Pa;\;‘zm. Symbol Characteristic Min Max | Units | Conditions
71 TscH SCK input high time Continuous 125Tcy +30 | — ns
71A (Slave mode) Single Byte 40 — | ns |[(Note 1)
72 TscL SCKinput low time Continuous 125Tcy +30 | — ns
72A (Slave mode) Single Byte 40 — | ns |[(Note 1)
73 TdiV2scH, |Setup time of SDI data input to SCK edge 100 — ns
TdiV2scL
73A TB28B Last clock edge of Byte1 to the 1st clock edge of Byte2| 1.5Tcy +40 | — ns |(Note 2)
74 TscH2diL, |Hold time of SDI data input to SCK edge 100 — ns
TscL2diL
75 TdoR SDO data output rise time PIC18FXXX — 25 ns
PIC18LFXXX — 60 ns |VDD =2V
76 TdoF SDO data output fall time PIC18FXXX — 25 ns
PIC18LFXXX — 60 ns |VDD =2V
78 TscR SCK output rise time (Master mode) | PIC18FXXX — 25 ns
PIC18LFXXX — 60 ns |VDD =2V
79 TscF SCK output fall time (Master mode) |PIC18FXXX — 25 ns
PIC18LFXXX — 60 ns |VDD =2V
80 TscH2doV, |SDO data output valid after SCK PIC18FXXX — 50 ns
TscL2doV |edge PIC18LFXXX — 150 | ns |Vbp=2V
81 TdoV2scH, |SDO data output setup to SCK edge Tey — ns
TdoV2scL

Note 1: Requires the use of Parameter # 73A.
2: Only if Parameter # 71A and # 72A are used.
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FIGURE 22-16: I°C BUS START/STOP BITS TIMING

SCL

START STOP
Condition Condition
Note: Refer to Figure 22-4 for load conditions.
TABLE 22-15: 12C BUS START/STOP BITS REQUIREMENTS (SLAVE MODE)

Pa:zm' Symbol Characteristic Min Max | Units Conditions

90 Tsu:STA | START condition 100 kHz mode 4700 — ns | Only relevant for Repeated
Setup time 400 kHz mode 600 — START condition

91 THD:STA | START condition 100 kHz mode 4000 — ns | After this period, the first
Hold time 400 kHz mode | 600 — clock pulse is generated

92 Tsu:sTO | STOP condition 100 kHz mode 4700 — ns
Setup time 400 kHz mode 600 —

93 THD:STO | STOP condition 100 kHz mode 4000 — ns
Hold time 400 kHz mode 600 —

FIGURE 22-17: I2C BUS DATA TIMING
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Note: Refer to Figure 22-4 for load conditions.
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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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PORTE
Analog Port Pins ..o
Associated Registers ..
LATE ReQIStEr ....oocviiiiiiiiiiie e
PORTE Register .......cccooviiiiiiiiiiiieeieeeeee e
PSP Mode Select (PSPMODE Bit) .
REO/RD/ANS5 Pin ......ccooviiiiiiinne, ...99,100
RET/WR/ANG Pin .....cooviiiiiiiiiiiii, 99, 100
RE2/CS/AN7 Pin ..... ...99,100
TRISE Register .......ccooviiiiiiiieiieiieeeee e 97

Postscaler, WDT
Assignment (PSA Bit) .....cooovvviiiiiiiieiiecceneeeeee 105
Rate Select (TOPS2:TOPSO0 BitS) .......cccceevviinieiiiennes 105
Switching Between Timer0 and WDT ...........ceeuee. 105

Power-down Mode. See SLEEP

Power-on Reset (POR) ........cccoc.....
Oscillator Start-up Timer (OST)
Power-up Timer (PWRT) ..oooccieeicie e

Prescaler, Capture .........cccooiiiiiiiiiniee e

Prescaler, Timer0
Assignment (PSA Bit) .....cooovvviiiiiiiiiiieceeneeeieee
Rate Select (TOPS2:TOPSO0 Bits) ......ccccocevvvrverienen.
Switching Between Timer0 and WDT ...

Prescaler, TIMer2 ...

PRO MATE Il Universal Device Programmer

Product Identification System .........cccccoviiiiiiiiiiiiiee.
Program Counter
PCL Register ......oociiviiiiiiiiie e
PCLATH Register ....
PCLATU REegiSter ...cccuveiiiiiiieiiecieeneeeeeee e
Program Memory
Interrupt VECIOr .......cccooiiiiiiiiiiecceee e 35
Map and Stack for PIC18F442/242 .............cccceueenne. 36
Map and Stack for PIC18F452/252 .............ccoeeeuenee. 36
RESET Vector .......ccocoviiiiiiiniiniene ....35
Program Verification and Code Protection ............c......... 207
Associated Registers .........ccccoiiiiiiiiiiiiiiees 207
Programming, Device Instructions .............cccocceeiinenennn. 211

PSP.See Parallel Slave Port.
Pulse Width Modulation. See PWM (CCP Module).

PUSH ..o 240
PWM (CCP MOodUIE) ..o 122
Associated Registers .........ccccoiiiiiiiiiciiiiiees 123

CCPR1H:CCPR1L Registers .......ccccoovicveiinnceienen. 122

DUty CYCIE ..o 122
Example Frequencies/Resolutions .............ccccceeennee 123
PEriod ..o 122
Setup for PWM Operation ........ccccccevveeceeniiceneeniienenns 123
TMR2 to PR2 Match ......ccooovieiiiiieieeee 111,122
Q
Q CIOCK ettt 122
R
RAM. See Data Memory
RC OSCillator .......cooviiiiiiiieeie et 18
RCALL .ot e 241
RCSTA Register
SPEN Bit e 165

Register File

Registers
ADCONO (A/D Control 0) ......cooeeeerrereenienienieeneneens 181
ADCONT (A/D Control 1) ...cccevevererienecirenresresrenene 182
CCP1CON and CCP2CON
(Capture/Compare/PWM Control) ................... 117
CONFIG1H (Configuration 1 High)

CONFIG2H (Configuration 2 High)
CONFIG2L (Configuration 2 Low)
CONFIG3H (Configuration 3 High)
CONFIG4L (Configuration 4 Low)
CONFIG5H (Configuration 5 High)
CONFIGS5L (Configuration 5 Low)
CONFIG6H (Configuration 6 High)
CONFIG6L (Configuration 6 Low)
CONFIG7H (Configuration 7 High)
CONFIG7L (Configuration 7 Low) ...
DEVID1 (Device ID Register 1) .......
DEVID2 (Device ID Register 2) .......cccoeoevveinennnenne
EECONT1 (Data EEPROM Control 1) .......c.cccceueee. 57,66
File Summary
INTCON (Interrupt Control) .......cccoeeeeceeeeriireeniieeeeens
INTCON2 (Interrupt Control 2)
INTCONS (Interrupt Control 3)
IPR1 (Peripheral Interrupt Priority 1) .....ccccevviinnenee. 82
IPR2 (Peripheral Interrupt Priority 2) ........ccccceenineee. 83
LVDCON (LVD Control)
OSCCON (Oscillator Control) .......ccccceecveereverersieennns
PIE1 (Peripheral Interrupt Enable 1)
PIE2 (Peripheral Interrupt Enable 2)
PIR1 (Peripheral Interrupt Request 1) ..........ccceee..ee. 78
PIR2 (Peripheral Interrupt Request 2) ....................... 79
RCON (Register Control) .
RCON (RESET Control)
RCSTA (Receive Status and Control) ..................... 167
SSPCON1 (MSSP Control 1)

12C Mode

SPI Mode
SSPCON2 (MSSP Control 2)

[PC MOGE ...oooeoriereeee e 137
SSPSTAT (MSSP Status)

[PC MOGE .-eeoeeeeereeeeeis e 135

SPI Mode ..
STATUS ..o .. 52
STKPTR (Stack Pointer) ....

TOCON (Timer0 Control) ... .103

T1CON (Timer 1 Control) .. ... 107

T2CON (Timer 2 Control) ......ccccceecieiieniinieeeeeeee, 111

T3CON (Timer3 Control) ......ccccceeeeceeerceieeeriieee e 113

TRISE

TXSTA (Transmit Status and Control) ..................... 166

WDTCON (Watchdog Timer Control) ...........cccc..... 203
RESET .

Brown-out Reset (BOR) .......ccoeeiiiiiiiiiiiieeee

MCLR Reset (During SLEEP) ......ccoviiiiiiiiiiiicies

MCLR Reset (Normal Operation) ....
Oscillator Start-up Timer (OST) ......cccovveieriinrcieeen.
Power-on Reset (POR) .....cccoveevvieiiciee e
Power-up Timer (PWRT)
Programmable Brown-out Reset (BOR) .................... 25
RESET INStruCtion ........cccoeoveeiieiiieeeeneeeeee e 25
Stack Full Reset
Stack Underflow Reset ........ocoeeiiiiiiiiiiiieiee 25
Watchdog Timer (WDT) Reset ......cccooevvvveiieiieeen. 25
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Example SPI Master Mode (CKE = 0) ..........cccueeee.
Example SPI Master Mode (CKE = 1) .......cccceeeueeeeee
Example SPI Slave Mode (CKE =0) .... .
Example SPI Slave Mode (CKE = 1) ......cccooiieienes
External Clock (All Modes except PLL) ....................

First START Bit Timing ........cccccevvvevneen. ..153
IPC Bus Data .......cccovvemeerncen. ..282
I°C Bus START/STOP BitS .......coevvveecreeenne. ..282
[2C Master Mode (Reception, 7-bit Address) ........... 157
I2C Master Mode (Transmission,

7 or 10-bit Address) ........cccccceviiecieniiinninnieee 156
I2C Slave Mode Timing (10-bit Reception,

SEN = 0) coiiiiiieeei e 142
I°C Slave Mode Timing (10-bit Transmission) ......... 143
I2C Slave Mode Timing (7-bit Reception,

SEN = 0) coiiiiiieeei e 140
I°C Slave Mode Timing (7-bit Reception,

SEN = 1) i 146,147
I°C Slave Mode Timing (7-bit Transmission) ........... 141

Low Voltage Detect .........cocceeviiiiiniiiiiieiene e
Master SSP I12C Bus Data .....................
Master SSP I12C Bus START/STOP Bits
Parallel Slave Port (PIC18F4X2) ......ccccoeeiiiiiiennne
Parallel Slave Port (Read)
Parallel Slave Port (Write)
PWM Output .....coevuviiee.
Repeat START Condition
RESET, Watchdog Timer (WDT),

Oscillator Start-up Timer (OST) and

Power-up Timer (PWRT)
Slave Synchronization ...........ccccceeviiiieiceeiiennceeeen
Slaver Mode General Call Address Sequence

(7 or 10-bit Address Mode) ........ccccevvveereeeene
Slow Rise Time (MCLR Tied to VDD) .
SPI Mode (Master Mode) ..........ccccoeevieiiieiennceeeen.
SPI Mode (Slave Mode with CKE = 0)
SPI Mode (Slave Mode with CKE = 1)

Stop Condition Receive or Transmit Mode .............. 158
Time-out Sequence on POR w/PLL Enabled
(MCLR Tied to VDD) ...eovverieeeieieeieseeeece e 33

Time-out Sequence on Power-up
(MCLR Not Tied to VDD)

Case 1

Case 2
Time-out Sequence on Power-up

(MCLR Tied t0 VDD) ..cueeeiiieeiiee e 32
Timer0 and Timer1 External Clock ...........cccccceenee. 275
Timing for Transition Between Timer1 and

OSC1 (HS with PLL) oo 23
Transition Between Timer1 and OSCH1

(HS, XT, LP) e 22
Transition Between Timer1 and OSCH1

(RC, EC) it 23
Transition from OSC1 to Timer1 Oscillator ................ 22
USART Asynchronous Master Transmission ........... 173
USART Asynchronous Master Transmission

(Back to BackK) ......ccceeevveeieeiiiee e 173
USART Asynchronous Reception ...........ccccoecvennee 175
USART Synchronous Receive (Master/Slave) ......... 286

USART Synchronous Reception
(Master Mode, SREN) .............

USART Synchronous Transmission

USART Synchronous Transmission
(Master/SIave) ......cccceeecueeeieeeeeseee e eseee e 286

USART Synchronous Transmission
(Through TXEN) ...oooiiiiiiiieieeeeeeeeee e 177
Wake-up from SLEEP via Interrupt .........ccccvvveenneen. 206

Timing Diagrams Requirements

Master SSP I12C Bus START/STOP Bits .................. 284

Timing Requirements

A/D CONVEISION ...t
Capture/Compare/PWM (CCP1 and CCP2)
CLKO and I/O .....oooiiiiiiiiee e

Example SPI Mode (Master Mode, CKE = 0) .......... 278
Example SPI Mode (Master Mode, CKE = 1) .......... 279

Example SPI Mode (Slave Mode, CKE = 0) ............ 280
Example SPI Slave Mode (CKE = 1) .....cccccovienneee 281
External CloCK .........cooiiiiiiiiiiie e 271
I2C Bus Data (Slave Mode) ....ccceeveeeeeeieeecieee e, 283
Master SSP I°C Bus Data

Parallel Slave Port (PIC18F4X2) .....cccccoevviiinincnee 277
RESET, Watchdog Timer, Oscillator Start-up

Timer, Power-up Timer and

Brown-out Reset Requirements ..............c........ 274
Timer0 and Timer1 External Clock
USART Synchronous Receive .........ccccceeieininnnene

USART Synchronous Transmission ............c.ccec.e... 286
Timing Specifications

PLL ClOCK ..veiteciiesteeeee ettt 272
TRISE Register

PSPMODE Bit .....coviveieeieeeeieeeneeeeee e 95, 100
TSTESZ .o 251

Two-Word Instructions

EXample Cases .....ccceeevieieeiiiee e 41

TXSTA Register

BRGH Bit ..o, 168

Universal Synchronous Asynchronous

Receiver Transmitter. See USART

USART e s 165
Asynchronous Mode ........ccccoeeceeeiiiieerineeeseee e 172
Associated Registers, Receive ..........ccceenee. 175
Associated Registers, Transmit ..........ccccceueee. 173

RECEIVET ..o

Transmitter

Baud Rate Generator (BRG) ........cccceviiiiiininnncene
Associated Registers ........cccccoviriiiiiniieenneenn.
Baud Rate Error, Calculating ..
Baud Rate Formula .............ccooeiiiiiininin.
Baud Rates for Asynchronous Mode

(BRGH = 0) oo 170
Baud Rates for Asynchronous Mode
(BRGH = 1) i

Baud Rates for Synchronous Mode
High Baud Rate Select (BRGH Bit) .
SaAMPIING eeeiiiiiie e
Serial Port Enable (SPEN Bit) .....ccccccoovvviieeiiieene
Synchronous Master Mode ....................
Associated Registers, Reception
Associated Registers, Transmit .....
Reception ...,
TransSMISSION .......cccuveciieiieieireeeee e
Synchronous Slave Mode
Associated Registers, Receive ..........cccceeeee.
Associated Registers, Transmit ..........c.ccccueee.
Reception .....cccoveveiiiiiiniiiiies
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France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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