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PIC18F87J11 FAMILY

5.2 Master Clear (MCLR)

The MCLR pin provides a method for triggering a hard
external Reset of the device. A Reset is generated by
holding the pin low. PIC18 extended microcontroller
devices have a noise filter in the MCLR Reset path
which detects and ignores small pulses.

The MCLR pin is not driven low by any internal Resets,
including the WDT.

5.3 Power-on Reset (POR)

A Power-on Reset condition is generated on-chip
whenever VDD rises above a certain threshold. This
allows the device to start in the initialized state when
VDD is adequate for operation.

To take advantage of the POR circuitry, tie the MCLR
pin through a resistor (1 kQ to 10 kQ) to VDD. This will
eliminate external RC components usually needed to
create a Power-on Reset delay. A minimum rise rate for
VDD is specified (Parameter D004). For a slow rise
time, see Figure 5-2.

When the device starts normal operation (i.e., exits the
Reset condition), device operating parameters
(voltage, frequency, temperature, etc.) must be met to
ensure operation. If these conditions are not met, the
device must be held in Reset until the operating
conditions are met.

Power-on Reset events are captured by the POR bit
(RCON<1>). The state of the bit is set to ‘0’ whenever
a Power-on Reset occurs; it does not change for any
other Reset event. POR is not reset to ‘1’ by any
hardware event. To capture multiple events, the user
manually resets the bit to ‘1’ in software following any
Power-on Reset.

54 Brown-out Reset (BOR)

The PIC18F87J11 family of devices incorporates a
simple Brown-out Reset function when the internal reg-
ulator is enabled (ENVREG pin is tied to VDD). Any
drop of VDD below VBOR (Parameter D005) for greater
than time, TBOR, will reset the device. A Reset may or
may not occur if VDD falls below VBOR for less than
TBOR. The chip will remain in Brown-out Reset until
VDD rises above VBOR.

Once a Brown-out Reset has occurred, the Power-up
Timer will keep the chip in Reset for TPWRT
(Parameter 33). If VDD drops below VBOR while the
Power-up Timer is running, the chip will go back into a
Brown-out Reset and the Power-up Timer will be
initialized. Once VDD rises above VBOR, the Power-up
Timer will execute the additional time delay.

FIGURE 5-2: EXTERNAL POWER-ON
RESET CIRCUIT (FOR

SLOW VbD POWER-UP)
VDD VDD
D R

R1
MCLR
c PIC18F87J11

I

Note 1: External Power-on Reset circuit is required
only if the VDD power-up slope is too slow.
The diode, D, helps discharge the capacitor
quickly when VDD powers down.

2: R <40 kQ is recommended to make sure that
the voltage drop across R does not violate
the device’s electrical specification.

3: R1>1 kQ will limit any current flowing into
MCLR from external capacitor, C, in the event
of MCLR/VPP pin breakdown, due to
Electrostatic Discharge (ESD) or Electrical
Overstress (EOS).

5.4.1 DETECTING BOR

The BOR bit always resets to ‘0’ on any Brown-out
Reset or Power-on Reset event. This makes it difficult
to determine if a Brown-out Reset event has occurred
just by reading the state of BOR alone. A more reliable
method is to simultaneously check the state of both
POR and BOR. This assumes that the POR bit is reset
to ‘1’ in software immediately after any Power-on Reset
event. If BOR is ‘0’ while POR is ‘1’, it can be reliably
assumed that a Brown-out Reset event has occurred.

If the voltage regulator is disabled, Brown-out Reset
functionality is disabled. In this case, the BOR bit
cannot be used to determine a Brown-out Reset event.
The BOR bit is still cleared by a Power-on Reset event.

5.5 Configuration Mismatch (CM)

The Configuration Mismatch (CM) Reset is designed to
detect and attempt to recover from random, memory
corrupting events. These include Electrostatic Discharge
(ESD) events, which can cause widespread, single bit
changes throughout the device and result in catastrophic
failure.

In PIC18FXXJ Flash devices, the device Configuration
registers (located in the configuration memory space)
are continuously monitored during operation by
comparing their values to complimentary shadow reg-
isters. If a mismatch is detected between the two sets
of registers, a CM Reset automatically occurs. These
events are captured by the CM bit (RCON<5>). The
state of the bit is set to ‘0’ whenever a CM event occurs;
it does not change for any other Reset event.

© 2007-2012 Microchip Technology Inc.
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7.0 FLASH PROGRAM MEMORY

The Flash program memory is readable, writable and
erasable during normal operation over the entire VDD
range.

A read from program memory is executed on one byte
at a time. A write to program memory is executed on
blocks of 64 bytes at a time or two bytes at a time. Pro-
gram memory is erased in blocks of 1024 bytes at a
time. A bulk erase operation may not be issued from
user code.

Writing or erasing program memory will cease
instruction fetches until the operation is complete. The
program memory cannot be accessed during the write
or erase, therefore, code cannot execute. An internal
programming timer terminates program memory writes
and erases.

A value written to program memory does not need to be
a valid instruction. Executing a program memory
location that forms an invalid instruction results in a
NOP.

FIGURE 7-1: TABLE READ OPERATION

7.1 Table Reads and Table Writes

In order to read and write program memory, there are
two operations that allow the processor to move bytes
between the program memory space and the data RAM:

» Table Read (TBLRD)
* Table Write (TBLWI)

The program memory space is 16 bits wide, while the
data RAM space is 8 bits wide. Table reads and table
writes move data between these two memory spaces
through an 8-bit register (TABLAT).

Table read operations retrieve data from program
memory and place it into the data RAM space.
Figure 7-1 shows the operation of a table read with
program memory and data RAM.

Table write operations store data from the data memory
space into holding registers in program memory. The
procedure to write the contents of the holding registers
into program memory is detailed in Section 7.5 “Writing
to Flash Program Memory”. Figure 7-2 shows the
operation of a table write with program memory and data
RAM.

Table operations work with byte entities. A table block
containing data, rather than program instructions, is not
required to be word-aligned. Therefore, a table block can
start and end at any byte address. If a table write is being
used to write executable code into program memory,
program instructions will need to be word-aligned.

Table Pointer(!)

Instruction: TBLRD*

Program Memory

TBLPTRU : TBLPTRH{ TBLPTRL

Program Memory
(TBLPTR)

Table Latch (8-bit)

TABLAT
;Y—J

Note 1: Table Pointer register points to a byte in program memory.
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TABLE 11-20: PORTJ FUNCTIONS

Pin Name Function S;I;ﬁ::g 110 Tl;ge Description
RJO/ALE RJO 0 ) DIG |LATJ<0> data output.
1 | ST PORTJ<0> data input.
ALE X (0] DIG | External Memory Interface address latch enable control output; takes
priority over digital I/0O.
RJ1/OE RJ1 0 ) DIG |LATJ<1> data output.
1 | ST PORTJ<1> data input.
OE X O DIG | External Memory Interface output enable control output; takes priority
over digital 1/0.
RJ2/WRL RJ2 0 O DIG |LATJ<2> data output.
1 | ST PORTJ<2> data input.
WRL X (0] DIG | External Memory Bus write low byte control; takes priority over
digital 1/0.
RJ3/WRH RJ3 0 o) DIG |LATJ<3> data output.
1 | ST PORTJ<3> data input.
WRH X O DIG | External Memory Interface write high byte control output; takes priority
over digital 1/0.
RJ4/BAO RJ4 O DIG |LATJ<4> data output.
| ST PORTJ<4> data input.
BAO X o} DIG | External Memory Interface Byte Address O control output; takes
priority over digital I/O.
RJ5/CE RJ5 0 ) DIG |LATJ<5> data output.
1 I ST PORTJ<5> data input.
CE X O DIG | External Memory Interface chip enable control output; takes priority
over digital 1/0.
RJ6/LB RJ6 0 o DIG |LATJ<6> data output.
1 | ST PORTJ<6> data input.
LB X (0] DIG | External Memory Interface lower byte enable control output; takes
priority over digital I/O.
RJ7/UB RJ7 0 ) DIG |LATJ<7> data output.
1 | ST PORTJ<7> data input.
UuB X (0] DIG | External Memory Interface upper byte enable control output; takes
priority over digital 1/0.

Legend: O = Output, | = Input, DIG = Digital Output, ST = Schmitt Buffer Input,
x = Don’t care (TRIS bit does not affect port direction or is overridden for this option).

TABLE 11-21: SUMMARY OF REGISTERS ASSOCIATED WITH PORTJ

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page:
PORTJ® RJ7 RJ6 RJ5 RJ4 RJ3 RJ2 RJ1 RJO 65
LATJ®D LATJ7 LATJ6 LATJS LATJ4 LATJ3 LATJ2 LATJ1 LATJO 64
TRISJ® TRISJ7 | TRISJ6 | TRISJ5 | TRISJ4 | TRISJI3 | TRISJ2 | TRISIT1 | TRISJO 64
PORTG RDPU REPU RJPUD RG4 RG3 RG2 RG1 RGO 65

Legend: Shaded cells are not used by PORTJ.
Note 1: Unimplemented on 64-pin devices, read as ‘0.

© 2007-2012 Microchip Technology Inc.
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12.4.2 PARTIALLY MULTIPLEXED memory or peripheral that is partially multiplexed with

MEMORY OR PERIPHERAL an external latch. If the peripheral has internal latches
as shown in Figure 12-29, then no extra circuitry is

Partial multiplexing implies using more pins; however, required except for the peripheral itself.

for a few extra pins, some extra performance can be
achieved. Figure 12-28 shows an example of a

FIGURE 12-28: EXAMPLE OF A PARTIALLY MULTIPLEXED ADDRESSING APPLICATION

PIC18F
PMD<7:0> | P T P A<14:0>
PMALL I D<7:0> »|D<7:0>
PMA<14:7> ASi4:8 CE
PMCS I_> OE T Address Bus —
PMRD * Data Bus —
PMWR Control Lines _—

FIGURE 12-29: EXAMPLE OF AN 8-BIT MULTIPLEXED ADDRESS AND DATA APPLICATION

PIC18F Parallel Peripheral
PMD<7:0> | @l | AD<7:0>
PMALL » ALE
PMCS »CS Address Bus —
PMRD > R__D Data Bus ——
PMWR > WR Control Lines —_—
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16.1 Timer3 Operation

Timer3 can operate in one of three modes:
e Timer

» Synchronous Counter

» Asynchronous Counter

FIGURE 16-1: TIMER3 BLOCK DIAGRAM

The operating mode is determined by the clock select
bit, TMR3CS (T3CON<1>). When TMR3CS is cleared
(= 0), Timer3 increments on every internal instruction
cycle (Fosc/4). When the bit is set, Timer3 increments
on every rising edge of the Timer1 external clock input
or the Timer1 oscillator, if enabled.

As with Timer1, the RC1/T10SI and
RCO/T10SO/T13CKI pins become inputs when the
Timer1 oscillator is enabled. This means the values of
TRISC<1:0> are ignored and the pins are read as ‘0’.

Timer1 Oscillator

— Timer1 Clock Input

| | 1

T10SO/T13CKI @ ———— {}—« -
X ! Prescaler Synchronize 0
l ' Fosc/4 1,2,4,8 f Detect
. Internal

T108I ! Clock , |

________ Sleep Input .
T10SCEN® TMR3CS Timer3
T3CKPS<1:0> On/Off
T3SYNC
TMR3ON

ECCPx Special Event Trigger Clear TMR3 + TVR3 Set
ECCPX/CCPx Select from T3CON<6,3> TMR3L ‘ High Byte TMR3IF
on Overflow

Note 1: When enable bit, TTOSCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.

FIGURE 16-2:

TIMER3 BLOCK DIAGRAM (16-BIT READ/WRITE MODE)

Timer1 Oscillator

T13CKI/T10SO |E

Fosc/4
Internal

—» Timer1 Clock Input
1
Prescaler Synchronize 0
1,2,4,8 4 Detect
2
| Input
Sleep Inpu Timer3
On/Off

T108I Clock
T10SCEN® TMR3CS
T3CKPS<1:0>
T3SYNC
TMR3ON

ECCPx Special Event Trigger Clear TMR3 TMR3 Set
TMR3L ‘ : TMR3IF
ECCPx/CCPx Select from T3CON<6,3> :l ) High Byte 5 on Overflow

Note 1: When enable bit, TITOSCEN, is cleared, the inverter and feedback resistor are turned off to eliminate power drain.

]

K_L Read TMR3L

Write TMR3L

< :> Internal Data Bus
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16.2 Timer3 16-Bit Read/Write Mode

Timer3 can be configured for 16-bit reads and writes
(see Figure 16-2). When the RD16 control bit
(T3CON<7>) is set, the address for TMR3H is mapped
to a buffer register for the high byte of Timer3. A read
from TMRS3L will load the contents of the high byte of
Timer3 into the Timer3 High Byte Buffer register. This
provides the user with the ability to accurately read all
16 bits of Timer1 without having to determine whether
a read of the high byte, followed by a read of the low
byte, has become invalid due to a rollover between
reads.

A write to the high byte of Timer3 must also take place
through the TMR3H Buffer register. The Timer3 high
byte is updated with the contents of TMR3H when a
write occurs to TMR3L. This allows a user to write all
16 bits to both the high and low bytes of Timer3 at once.

The high byte of Timer3 is not directly readable or
writable in this mode. All reads and writes must take
place through the Timer3 High Byte Buffer register.

Writes to TMR3H do not clear the Timer3 prescaler.
The prescaler is only cleared on writes to TMR3L.

16.3 Using the Timerl Oscillator as the

Timer3 Clock Source

The Timer1 internal oscillator may be used as the clock
source for Timer3. The Timer1 oscillator is enabled by
setting the TIOSCEN (T1CON<3>) bit. To use it as the
Timer3 clock source, the TMR3CS bit must also be set.
As previously noted, this also configures Timer3 to
increment on every rising edge of the oscillator source.

The Timer1 oscillator is described in Section 14.0
“Timerl Module”.

16.4 Timer3 Interrupt

The TMR3 register pair (TMR3H:TMR3L) increments
from 0000h to FFFFh and overflows to 0000h. The
Timer3 interrupt, if enabled, is generated on overflow
and is latched in interrupt flag bit, TMR3IF (PIR2<1>).
This interrupt can be enabled or disabled by setting or
clearing the Timer3 Interrupt Enable bit, TMR3IE
(PIE2<1>).

16.5 Resetting Timer3 Using the

ECCPx Special Event Trigger

If ECCP1 or ECCP2 is configured to use Timer3 and to
generate a Special Event Trigger in Compare mode
(CCPxM<3:0> =1011), this signal will reset Timer3.
The trigger from ECCP2 will also start an A/D conver-
sion if the A/D module is enabled (see Section 19.2.1
“Special Event Trigger” for more information).

The module must be configured as either a timer or
synchronous counter to take advantage of this feature.
When used this way, the CCPRxH:CCPRxL register
pair effectively becomes a period register for Timer3.

If Timer3 is running in Asynchronous Counter mode,
the Reset operation may not work.

In the event that a write to Timer3 coincides with a
Special Event Trigger from an ECCPx module, the
write will take precedence.

Note:  The Special Event Triggers from the
ECCPx module will not set the TMR3IF

interrupt flag bit (PIR1<0>).

TABLE 16-1: REGISTERS ASSOCIATED WITH TIMER3 AS A TIMER/COUNTER
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page:

INTCON | GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 61
PIR2 OSCFIF CM2IF CM1IF — BCL1IF LVDIF TMR3IF | CCP2IF 64
PIE2 OSCFIE CM2IE CM1IE — BCL1IE LVDIE TMR3IE | CCP2IE 64
IPR2 OSCFIP CM2IP CM1IP — BCL1IP LVDIP TMR3IP | CCP2IP 64
TMR3L Timer3 Register Low Byte 65
TMR3H Timer3 Register High Byte 65
T1CON®Y | RD16 | T1RUN |T1CKPS1|T1CKPSO0|T10SCEN| T1SYNC | TMR1CS | TMR10ON 62
T3CON RD16 | T3CCP2 |T3CKPS1|T3CKPS0| T3CCP1 | T3SYNC | TMR3CS | TMR3ON 65
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer3 module.
Note 1: Default (legacy) SFR at this address, available when WDTCON<4> = 0.

© 2007-2012 Microchip Technology Inc.
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17.2 Timer4 Interrupt

The Timer4 module has an 8-bit period register, PR4,
which is both readable and writable. Timer4 increments
from 00h until it matches PR4 and then resets to 00h on
the next increment cycle. The PR4 register is initialized
to FFh upon Reset.

17.3 Output of TMR4

The output of TMR4 (before the postscaler) is used
only as a PWM time base for the ECCPx/CCPx mod-
ules. It is not used as a baud rate clock for the MSSP
modules as is the Timer2 output.

FIGURE 17-1: TIMER4 BLOCK DIAGRAM
4 1:1t0 1:16
T40UTPS<3:0> ' : ——————® Set TMR4IF
Postscaler
2
T4CKPS<1:0> A _ TMR4 Output
(to PWM)
‘}TMR4/PR4
1 14 116 Y Reset Match
Fosc/4 | .P’reslc’ale.r 4‘ TMR4 |:|'>| Comparator K ——— 4
8 8
% : {
Internal Data Bus < >
TABLE 17-1: REGISTERS ASSOCIATED WITH TIMER4 AS A TIMER/COUNTER
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on Page:
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF 61
IPR3 SSP2IP BCL2IP RC2IP TX2IP TMR4IP | CCP5IP | CCP4IP | CCP3IP 64
PIR3 SSP2IF BCL2IF RC2IF TX2IF TMRA4IF CCP5IF | CCP4IF | CCP3IF 64
PIE3 SSP2IE BCL2IE RC2IE TX2IE TMR4IE | CCP5IE | CCP4IE | CCP3IE 64
TMR4  |Timer4 Register 65
T4CON — T40OUTPS3|T40UTPS2| T40OUTPS1|T40OUTPS0| TMR4ON | TACKPS1 | T4CKPSO 65
PR4 Timer4 Period Register 65
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used by the Timer4 module.

DS39778E-page 210
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I2C™ SLAVE MODE TIMING WITH SEN
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I2C™ SLAVE MODE TIMING (TRANSMISSION, 10-BIT ADDRESS)

FIGURE 20-13:
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REGISTER 21-1: TXSTAx: EUSARTx TRANSMIT STATUS AND CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R-1 R/W-0
CSRC TX9 TXEN® SYNC SENDB BRGH TRMT TX9D
bit 7 bit 0
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
bit 7 CSRC: Clock Source Select bit
Asynchronous mode:
Don'’t care.

Synchronous mode:
1 = Master mode (clock generated internally from BRG)
0 = Slave mode (clock from external source)
bit 6 TX9: 9-Bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5 TXEN: Transmit Enable bit()
1 = Transmit is enabled
0 = Transmit is disabled
bit 4 SYNC: EUSARTx Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode
bit 3 SENDB: Send Break Character bit
Asynchronous mode:

1 = Sends Sync Break on the next transmission (cleared by hardware upon completion)
0 = Sync Break transmission has completed

Synchronous mode:
Don'’t care.
bit 2 BRGH: High Baud Rate Select bit
Asynchronous mode:
1 = High speed
0 = Low speed
Synchronous mode:
Unused in this mode.

bit 1 TRMT: Transmit Shift Register Status bit
1 =TSR is empty
0 =TSRis full

bit 0 TX9D: 9th bit of Transmit Data

This can be an address/data bit or a parity bit.

Note 1: SREN/CREN overrides TXEN in Sync mode.

DS39778E-page 286 © 2007-2012 Microchip Technology Inc.
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REGISTER 21-3: BAUDCONx: BAUD RATE CONTROL REGISTER

R/W-0 R-1 R/W-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
ABDOVF RCIDL RXDTP TXCKP BRG16 — WUE ABDEN
bit 7 bit 0

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
bit 7 ABDOVF: Auto-Baud Acquisition Rollover Status bit

1 = A BRG rollover has occurred during Auto-Baud Rate Detect mode (must be cleared in software)
0 = No BRG rollover has occurred
bit 6 RCIDL: Receive Operation Idle Status bit
1 = Receive operation is Idle
0 = Receive operation is active
bit 5 RXDTP: Data/Receive Polarity Select bit
Asynchronous mode:
1 = Receive data (RXx) is inverted (active-low)
0 = Receive data (RXx) is not inverted (active-high)
Synchronous mode:
1 = Data (DTx) is inverted (active-low)
0 = Data (DTx) is not inverted (active-high)
bit 4 TXCKP: Synchronous Clock Polarity Select bit
Asynchronous mode:
1 = Idle state for transmit (TXx) is a low level
0 = Idle state for transmit (TXx) is a high level
Synchronous mode:
1 = Idle state for clock (CKXx) is a high level
0 = Idle state for clock (CKx) is a low level
bit 3 BRG16: 16-Bit Baud Rate Register Enable bit
1 = 16-bit Baud Rate Generator —- SPBRGHx and SPBRGx
0 = 8-bit Baud Rate Generator — SPBRGx only (Compatible mode), SPBRGHXx value is ignored
bit 2 Unimplemented: Read as ‘0’
bit 1 WUE: Wake-up Enable bit
Asynchronous mode:
1 = EUSARTXx will continue to sample the RXx pin — interrupt is generated on the falling edge; bit is
cleared in hardware on the following rising edge
0 = RXx pin is not monitored or rising edge detected
Synchronous mode:
Unused in this mode.
bit 0 ABDEN: Auto-Baud Detect Enable bit
Asynchronous mode:
1 = Enables baud rate measurement on the next character. Requires reception of a Sync field (55h);
cleared in hardware upon completion.
0 = Baud rate measurement is disabled or has completed

Synchronous mode:
Unused in this mode.
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24.1 Configuring the Comparator
Voltage Reference

The comparator voltage reference module is controlled
through the CVRCON register (Register 24-1). The
comparator voltage reference provides two ranges of
output voltage, each with 16 distinct levels. The range
to be used is selected by the CVRR bit (CVRCON<5>).
The primary difference between the ranges is the size
of the steps selected by the CVREF Selection bits
(CVR<3:0>), with one range offering finer resolution.
The equations used to calculate the output of the
comparator voltage reference are as follows:

If CVRR = 1;
CVREF = ((CVR<3:0>)/24) x (CVRSRC)

If CVRR = 0:
CVREF = (CVRSRc/4) + ((CVR<3:0>)/32) x (CVRSRC)

The comparator reference supply voltage can come
from either VDD and Vss, or the external VREF+ and
VREF- that are multiplexed with RA2 and RA3. The
voltage source is selected by the CVRSS bit
(CVRCON<4>).

The settling time of the comparator voltage refer-
ence must be considered when changing the CVREF
output (see Table 28-3 in Section 28.0 “Electrical
Characteristics”).

The CVRCON register is a shared address SFR and
uses the same address as the PR4 register. The
CVRCON register is accessed by setting the ADSHR
bit (WDTCON<4>).

REGISTER 24-1: CVRCON: COMPARATOR VOLTAGE REFERENCE CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CVREN CVROE® CVRR CVRSS CVR3 CVR2 CVR1 CVRO
bit 7 bit 0
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
bit 7 CVREN: Comparator Voltage Reference Enable bit

1 = CVREF circuit is powered on
0 = CVREF circuit is powered down

bit 6 CVROE: Comparator VREF Output Enable bit(H)

bit 5

bit 4

bit 3-0

Note 1:

1 = CVREF voltage level is also output on the RF5/AN10/C1INB/CVREF pin
0 = CVREF voltage is disconnected from the RF5/AN10/C1INB/CVREF pin
CVRR: Comparator VREF Range Selection bit

1= 0to 0.667 CVRsRC, with CVRSRC/24 step size (low range)

0 = 0.25 CVRSRC to 0.75 CVRSRC, with CVRSRC/32 step size (high range)
CVRSS: Comparator VREF Source Selection bit

1 = Comparator reference source, CVRSRC = (VREF+) — (VREF-)

0 = Comparator reference source, CVRSRC = AVDD — AVSS

CVR<3:0>: Comparator VREF Value Selection bits (0 < (CVR3:CVRO0) < 15)
When CVRR = 1:

CVREF = ((CVR<3:0>)/24) ¢ (CVRSRC)

When CVRR = 0:

CVREF = (CVRsSRC/4) + ((CVR<3:0>)/32) ¢ (CVRSRC)

CVROE overrides the TRISF<5> bit setting.
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DAW Decimal Adjust W Register
Syntax: 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<T7:4>,
C=1;
else,
(W<T7:4>) - W<7:4>
Status Affected: C
Encoding: | 0000 | 0000 [ o0o0o [ o111 |
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
Example 1: DAW
Before Instruction
w = A5h
C = 0
DC = 0
After Instruction
w = 05h
C = 1
DC = 0
Example 2:
Before Instruction
w = CEh
C = 0
DC = 0
After Instruction
w = 34h
C = 1
DC = 0

DECF Decrement f

Syntax: DECF f{d {,a}}

Operands: 0<f<255
d e [0,1]
a e [0,1]

Operation: (f)—1 — dest

Status Affected: C,DC,N, 0V, Zz

Encoding: \ 0000 | 01da \ fEff | fEff \

Description: Decrement register ‘. If ‘d’ is ‘0’, the
result is stored in W. If ‘'d’ is ‘1’, the
result is stored back in register ‘f’.
If ‘a’ is ‘0", the Access Bank is selected.
If ‘a’is ‘1’, the BSR is used to select the
GPR bank.
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 26.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.

Words: 1

Cycles: 1

Q Cycle Activity:

Q1 Q2 Q3 Q4
Decode Read Process Write to

register ‘f Data destination

Example: DECF CNT, 1, 0
Before Instruction
CNT = 01h
Z = 0
After Instruction
CNT = 00h
Z = 1
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RETURN Return from Subroutine
Syntax: RETURN {s}
Operands: s € [0,1]
Operation: (TOS) —» PC;
ifs=1,
(WS) »> W,
(STATUSS) — STATUS,
(BSRS) - BSR,
PCLATU, PCLATH are unchanged
Status Affected: None
Encoding: | 0000 | oooo | ooo1 | oois |
Description: Return from subroutine. The stack is
popped and the top of the stack (TOS)
is loaded into the Program Counter. 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.
Words: 1
Cycles: 2
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode No Process POP PC
operation Data from stack
No No No No
operation operation operation operation
Example: RETURN

After Instruction:
PC =TOS

RLCF Rotate Left f through Carry
Syntax: RLCF f{d{,a}}
Operands: 0<f<255
d e [0,1]
ae[0,1]
Operation: (f<n>) — dest<n + 1>,
(f<7>) > C,
(C) — dest<0>
Status Affected: C,N,zZ
Encoding: | o011 | oda | frff | fff |
Description: The contents of register ‘f’ are rotated
one bit to the left through the Carry flag.
If ‘d" is ‘0’, the result is placed in W. If ‘d’
is ‘1’, the result is stored back in register
.
If ‘a’ is ‘0’, the Access Bank is selected.
If ‘a’is ‘1, the BSR is used to select the
GPR bank.
If ‘a’ is ‘0’ and the extended instruction
set is enabled, this instruction operates
in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See
Section 26.2.3 “Byte-Oriented and
Bit-Oriented Instructions in Indexed
Literal Offset Mode” for details.
| registerf |-
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read Process Write to
register ‘f’ Data destination
Example: RLCF REG 0, O
Before Instruction
REG = 1110 0110
C = 0
After Instruction
REG = 1110 0110
w = 1100 1100
C = 1
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27.7 MPLAB SIM Software Simulator

The MPLAB SIM Software Simulator allows code
development in a PC-hosted environment by simulat-
ing the PIC MCUs and dsPIC® DSCs on an instruction
level. On any given instruction, the data areas can be
examined or modified and stimuli can be applied from
a comprehensive stimulus controller. Registers can be
logged to files for further run-time analysis. The trace
buffer and logic analyzer display extend the power of
the simulator to record and track program execution,
actions on 1/0O, most peripherals and internal registers.

The MPLAB SIM Software Simulator fully supports
symbolic debugging using the MPLAB C Compilers,
and the MPASM and MPLAB Assemblers. The soft-
ware simulator offers the flexibility to develop and
debug code outside of the hardware laboratory envi-
ronment, making it an excellent, economical software
development tool.

27.8 MPLAB REAL ICE In-Circuit
Emulator System

MPLAB REAL ICE In-Circuit Emulator System is
Microchip’s next generation high-speed emulator for
Microchip Flash DSC and MCU devices. It debugs and
programs PIC® Flash MCUs and dsPIC® Flash DSCs
with the easy-to-use, powerful graphical user interface of
the MPLAB Integrated Development Environment (IDE),
included with each kit.

The emulator is connected to the design engineer’'s PC
using a high-speed USB 2.0 interface and is connected
to the target with either a connector compatible with in-
circuit debugger systems (RJ11) or with the new high-
speed, noise tolerant, Low-Voltage Differential Signal
(LVDS) interconnection (CAT5).

The emulator is field upgradable through future firmware
downloads in MPLAB IDE. In upcoming releases of
MPLAB IDE, new devices will be supported, and new
features will be added. MPLAB REAL ICE offers
significant advantages over competitive emulators
including low-cost, full-speed emulation, run-time
variable watches, trace analysis, complex breakpoints, a
ruggedized probe interface and long (up to three meters)
interconnection cables.

27.9 MPLAB ICD 3 In-Circuit Debugger
System

MPLAB ICD 3 In-Circuit Debugger System is Micro-
chip's most cost effective high-speed hardware
debugger/programmer for Microchip Flash Digital Sig-
nal Controller (DSC) and microcontroller (MCU)
devices. It debugs and programs PIC® Flash microcon-
trollers and dsPIC® DSCs with the powerful, yet easy-
to-use graphical user interface of MPLAB Integrated
Development Environment (IDE).

The MPLAB ICD 3 In-Circuit Debugger probe is con-
nected to the design engineer's PC using a high-speed
USB 2.0 interface and is connected to the target with a
connector compatible with the MPLAB ICD 2 or MPLAB
REAL ICE systems (RJ-11). MPLAB ICD 3 supports all
MPLAB ICD 2 headers.

27.10 PICKkit 3 In-Circuit Debugger/
Programmer and
PICkit 3 Debug Express

The MPLAB PICkit 3 allows debugging and program-
ming of PIC® and dsPIC® Flash microcontrollers at a
most affordable price point using the powerful graphical
user interface of the MPLAB Integrated Development
Environment (IDE). The MPLAB PICKkit 3 is connected
to the design engineer's PC using a full speed USB
interface and can be connected to the target via an
Microchip debug (RJ-11) connector (compatible with
MPLAB ICD 3 and MPLAB REAL ICE). The connector
uses two device I/O pins and the reset line to imple-
ment in-circuit debugging and In-Circuit Serial Pro-
gramming™.

The PICkit 3 Debug Express include the PICkit 3, demo
board and microcontroller, hookup cables and CDROM

with user’s guide, lessons, tutorial, compiler and
MPLAB IDE software.
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FIGURE 28-6: PROGRAM MEMORY FETCH TIMING DIAGRAM (8-BIT)
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Note: FMAX = 25 MHz in 8-Bit External Memory mode.
TABLE 28-10: PROGRAM MEMORY FETCH TIMING REQUIREMENTS (8-BIT)
PaNrglm Symbol Characteristics Min Typ Max Units
150 TadV2alL |Address Out Valid to ALE { (address setup time) | 0.25Tcy—10| — — ns
151 TalL2adl |ALE | to Address Out Invalid (address hold time) 5 — — ns
153 BAO1 BAO 7 to Most Significant Data Valid 0.125 Tcy — — ns
154 BAa02 BAO | to Least Significant Data Valid 0.125 Tcy — — ns
155  |TalL20eL |ALE { to OE 0.125 Tey — — ns
161  |ToeH2adD |OE T to A/D Driven 0125Tcy-5| — — ns
162  |TadV2oeH |Least Significant Data Valid Before OE 1 20 — — ns
(data setup time)
162A |TadV2oeH |Most Significant Data Valid Before OE T 025Tey+20 | — — ns
(data setup time)

163  |ToeH2adl |OE 7 to Data in Invalid (data hold time) 0 — — ns
166  |TalH2alH |ALE T to ALE T (cycle time) — Tey — ns
167 TACC Address Valid to Data Valid 0.5Tcy-10 — — ns
168 |Toe OE { to Data Valid — — ]0125Tcy+5| ns
170  |TubH20eH |BAO = 0 Valid Before OE T 0.25 Toy — — ns
170A |TubL20eH |BAO = 1 Valid Before OE T 0.5 Ty — — ns
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FIGURE 28-10: PARALLEL SLAVE PORT TIMING

o\
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Note: Refer to Figure 28-3 for load conditions.

TABLE 28-16: PARALLEL SLAVE PORT REQUIREMENTS

Pali\zgm. Symbol Characteristic Min | Max | Units Conditions
PS1 TdtvV2wrH Data In Valid Before PMWR or PMCSx Inactive | 20 — ns
(setup time)
PS2 TwrH2dtl PMWR or PMCSx Inactive to Data—In Invalid 20 — ns
(hold time)
PS3 TrdL2dtV PMRD and PMCSx Active to Data—Out Valid — 80 ns
PS4 TrdH2dtl PMRD Active or PMCSx Inactive to Data—Out 10 30 ns
Invalid
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FIGURE 28-11: PARALLEL MASTER PORT READ TIMING DIAGRAM

System
Cock /N —V N/ ¥
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PMD<7:0> {7' Address<7:0> >| | | @—'
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- C ol PM7— e
PMRD | | | - > | |/: &Il | |
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EMWR | | | i | | | | | | |
| [ | | | | | | | | |
PMALL/ | I \ | | | | | | |
PMALH : ,
| | ——PM1—| | | | | | | |
| | | | | | | | | | |
PMCS<2:1>_ \ . |
| | | | | | | | | |
| | | | | | | |

Operating Conditions: 2.0V < Vcc < 3.6V, -40°C < TA < +85°C unless otherwise stated.

TABLE 28-17: PARALLEL MASTER PORT READ TIMING REQUIREMENTS

Pal\rlim' Symbol Characteristics Min Typ Max Units

PMA1 PMALL/PMALH Pulse Width — 0.5 Tey — ns

PM2 Address Out Valid to PMALL/PMALH — 0.75 Tey — ns
Invalid (address setup time)

PM3 PMALL/PMALH Invalid to Address Out — 0.25 Tey — ns
Invalid (address hold time)

PM5 PMRD Pulse Width — 0.5 Tey — ns

PM6 PMRD or PMENB Active to Data In Valid — — — ns
(data setup time)

PM7 PMRD or PMENB Inactive to Data In Invalid — — — ns
(data hold time)
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FIGURE 28-12: PARALLEL MASTER PORT WRITE TIMING DIAGRAM
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Operating Conditions: 2.0V < Vcc < 3.6V, -40°C < TA < +85°C unless otherwise stated.
TABLE 28-18: PARALLEL MASTER PORT WRITE TIMING REQUIREMENTS
Pal\rlec;m. Symbol Characteristics Min Typ Max Units
PM11 PMWR Pulse Width — 0.5 Tcy — ns
PM12 Data Out Valid before PMWR or PMENB — — — ns
Goes Inactive (data setup time)
PM13 PMWR or PMEMB Invalid to Data Out — — — ns
Invalid (data hold time)
PM16 PMCSx Pulse Width Tcy -5 — — ns
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RESEES ..
Brown-out Reset (BOR) ......ccccoeviiiniiiiiiiicniccices
Oscillator Start-up Timer (OST) .
Power-on Reset (POR) .....ccoociiiiiniiiieiieccciees
Power-up Timer (PWRT) ...coooiiiiiiiiiiececnieeiees

RETFIE oo

RETLW ...

RETURN ...............

ReVvision HiStory ... 447

RLCF

RLNCF

RRCF

RRNCF

S

SCKX ettt 237

SDIX ettt 237

SDOX ittt s 237

SEC_IDLE MOAE .....oooiiiiiiiiie ettt 52

SEC_RUN MOAE .....ooviiiiiiiiiiiiiieecceee e 48

Serial Clock, SCKx ... ... 237

Serial Data In (SDIX) ...c.ooiiiiiiiiiiieee e 237

Serial Data Out (SDOX) .....ccoovvveriiiiiriiiie e 237

Serial Peripheral Interface. See SPI Mode.

SETF e 381

Slave SeleCt (SSX) .oovvriiiiiiiiiiie e 237

SLEEP s 382

Software Simulator (MPLAB SIM) ......ccccooiriiiiiiniieiies 399

Special Event Trigger. See Compare (ECCP Module).

Special Features of the CPU .........ccccoiiiiiiiiiieeee, 331

SPIMode (MSSP) ..ot 237

Associated Registers ....
Bus Mode Compatibility ....

Clock Speed, Interactions . ... 246
Effects of a Reset ......cevvvvvieiiiii, 246
ENabling ....ooooiiiiii 242
Master Mode ............c........ ....243

Master/Slave Connection ..
Operation in Power-Managed Modes ..
Serial CloCK .....ooueiiiiie e
Serial Data In .....oooviiii
Serial Data Out
Slave MOdE ......cooiiiiiie e 244
Slave Select ......oooiiiii e 237
Slave Select Synchronization ..........ccccccviiiiiiienn. 244
SPICIOCK ..ttt 243
SSPxBUF Register ....
SSPXSR ReQISter ......ooviiiiiiiiiiiiieceieee e
Typical Connection
SSPOV ..o
SSPOV Status Flag
SSPxSTAT Register

RIW Bt oo eeeeee e eeee e eeseeeseeeeseeees s 253, 256
SSX ettt ettt ettt ettt ettt 237
Stack Full/Underflow Resets ............ooovvvvevieeeieeiieeiiieinnns 73

SUBFSR ... ....393
SUBFWB ..... ... 382
SUBLW s 383
SUBULNK ... 393
SUBWF

SUBWEFB ... 384
SWAPE s 384

T

Table Pointer
Operations with TBLRD, TBLWT

Table Reads/Table Writes ..........cccc....... .
TBLRD .ot
L= 0 USSP
Time-out in Various Situations (table) . .. 58
Timer0 ...coooviviiiii ... 193
Associated Registers . ... 195
OPEration ......cccoceeiiieiieeiie e 194
Overflow Interrupt .......cccoviiiiieiiie e 195
Prescaler
Switching Assignment .........cccoocieiiinninnieene. 195
Prescaler Assignment (PSA Bit) .......ccoccveeriieennneen. 195
Prescaler Select (TOPS2:TOPSO0 Bits) ........c.cccevveeee 195
Prescaler. See Prescaler, TimerO.
Reads and Writes in 16-Bit Mode ................cccccee.. 194
Source Edge Select (TOSE Bit) .......cccoeeveiviinieeneene 194
Source Select (TOCS Bit) ...cooovveieiriiiiiiiiieriecee 194
Timerl .. . 197
16-Bit Read/Write Mode ... 199
Associated Registers .........c.cccooeriiiiiiiiiiniineee, 202
Considerations in Asynchronous Counter Mode ..... 201
INTEITUPT .. 200
OPEration .......occceiiiiiieie e 198
Oscillator .........ccoeeveiiiiinicnn. .. 197,199
Layout Considerations ...........ccccoeviiieiceennnen. 199
Oscillator, as Secondary ClockK .........ccocceevcviinierneenne. 39
Resetting, Using the ECCPx Special
Event Trigger .......ocoviiieiiinieeecee e 200
Special Event Trigger (ECCP) ....ccccocvvviiiiiiiiccee 223
TMRTH RegiSter ......cccoviiiiiiiiiieiieieee e
TMRAIL Register ......cociiiiiiiiiieciiieeeeeee e
Use as a Clock SOUrce ........ccceevvieieenieeniinieeses
Use as a Real-Time Clock ... .
TIMEI2 e
Associated Registers .........c.cccoveriiiiiiiiiiniineee,
Interrupt ....coceeeeeies
Operation ...
Output ...........
PR2 RegiSter .......ccoviiiiiiiiiii e
TMR2 to PR2 Match Interrupt .........cccoeeeiiniinnnnne. 224
TiMer3 e
16-Bit Read/Write Mode
Associated Registers ........ .
OPEration .......ccocveiiieiieeie e
OsCillator ........occiiiiiiic
Overflow Interrupt .
Special Event Trigger (ECCPX) .....c.cceveviiiiinienneene 207
TMR3H RegiSter ......coeviiiiiiiiiieiieeeee e
TMR3L Register ......cocoviiiiiiiiiieceeeceeeee e
TIMEIA et
Associated Registers . .
OPEration ......cccoceeeiiiiiieie et
OULPUL e
Postscaler. See Postscaler, Timer4.
PR4 Register .......cccoviiiiiiiiiiiiiccec e 209
Prescaler. See Prescaler, Timer4.
TMR4 Register ......coccoviiiiiiiiiiieiieeeceee e 209
TMR4 to PR4 Match Interrupt .........ccvevveeeennns 209, 210
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