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1.3 Register and Bit naming
conventions

1.3.1 REGISTER NAMES

When there are multiple instances of the same
peripheral in a device, the peripheral control registers
will be depicted as the concatenation of a peripheral
identifier, peripheral instance, and control identifier.
The control registers section will show just one
instance of all the register names with an X’ in the place
of the peripheral instance number. This naming
convention may also be applied to peripherals when
there is only one instance of that peripheral in the
device to maintain compatibility with other devices in
the family that contain more than one.

1.3.2 BIT NAMES
There are two variants for bit names:

» Short name: Bit function abbreviation
* Long name: Peripheral abbreviation + short name

1.3.2.1 Short Bit Names

Short bit names are an abbreviation for the bit function.
For example, some peripherals are enabled with the
EN bit. The bit names shown in the registers are the
short name variant.

Short bit names are useful when accessing bits in C
programs. The general format for accessing bits by the
short name is RegisterNamebits.ShortName. For
example, the enable bit, EN, in the TOCONO register
can be set in C programs with the instruction
TOCONObits.EN = 1.

Short names are generally not useful in assembly
programs because the same name may be used by
different peripherals in different bit positions. When this
occurs, during the include file generation, all instances
of that short bit name are appended with an underscore
plus the name of the register in which the bit resides to
avoid naming contentions.

1.3.2.2 Long Bit Names

Long bit names are constructed by adding a peripheral
abbreviation prefix to the short name. The prefix is
unique to the peripheral thereby making every long bit
name unique. The long bit name for the Timer0 enable
bit is the Timer0 prefix, TO, appended with the enable
bit short name, EN, resulting in the unique bit name
TOEN.

Long bit names are useful in both C and assembly
programs. For example, in C the TOCONO enable bit
can be set with the TOEN = 1 instruction. In assembly,
this bit can be set with the BSF TOCONO, TOEN
instruction.

1.3.2.3 Bit Fields

Bit fields are two or more adjacent bits in the same
register. For example, the four Least Significant bits of
the TOCONO register contain the output prescaler
select bits. The short name for this field is OUTPS and
the long name is TOOUTPS. Bit field access is only
possible in C programs. The following example
demonstrates a C program instruction for setting the
TimerQ output prescaler to the 1:6 Postscaler:

TOCONObits.OUTPS = 0x5;

Individual bits in a bit field can also be accessed with
long and short bit names. Each bit is the field name
appended with the number of the bit position within the
field. For example, the Most Significant mode bit has
the short bit name OUTPS3. The following two exam-
ples demonstrate assembly program sequences for
setting the TimerO output prescaler to 1:6 Postscaler:

Example 1:

MOVLW ~ (1<<OUTPS3 | 1<<OUTPS1)
ANDWEF TOCONO, F

MOVLW 1<<OUTPS2 | 1<<OUTPSO
IORWE TOCONO,F

Example 2:

BCF TOCONO, OUTPS3
BSF TOCONO, OUTPS2
BCF TOCONO, OUTPS1

BSF TOCONO, OUTPSO

1.3.3 REGISTER AND BIT NAMING
EXCEPTIONS

1.3.3.1 Status, Interrupt, and Mirror Bits

Status, interrupt enables, interrupt flags, and mirror bits
are contained in registers that span more than one
peripheral. In these cases, the bit name shown is
unique so there is no prefix or short name variant.

© 2017 Microchip Technology Inc.
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REGISTER 9-2: INTCON1: INTERRUPT CONTROL REGISTER 1

R-0/0 R-0/0 u-0 U-0 u-0 u-0 U-0 uU-0
STAT<1:0> — — — - — —
bit 7 bit 0
Legend:
HC = Bit is cleared by hardware
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared q = Value depends on condition
bit 7-6 STAT<1:0>: Interrupt State Status bits
11 = High priority ISR executing, high priority interrupt was received while a low priority ISR was
executing

10 = High priority ISR executing, high priority interrupt was received in main routine
01 = Low priority ISR executing, low priority interrupt was received in main routine
00 = Main routine executing

bit 5-0 Unimplemented: Read as ‘0’

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 136
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14.3 CRC Polynomial Implementation

Any polynomial can be used. The polynomial and
accumulator sizes are determined by the PLEN<3:0>
bits. For an n-bit accumulator, PLEN = n-1 and the
corresponding polynomial is n+1 bits. Therefore the
accumulator can be any size up to 16 bits with a
corresponding polynomial up to 17 bits. The MSb and
LSb of the polynomial are always ‘1’ which is forced by
hardware. All polynomial bits between the MSb and
LSb are specified by the CRCXOR registers. For
example, when using CRC-16-ANSI, the polynomial is
defined as X'6+X15+X2+1.

EXAMPLE 14-2: CRC LFSR EXAMPLE

The X'® and X° = 1 terms are the MSb and LSb
controlled by hardware. The X'® and X2 terms are
specified by setting the corresponding
CRCXOR<15:0> bits with the value of ‘'0x8004’. The
actual value is ‘0x8005’ because the hardware sets
the LSb to 1. However, the LSb of the CRCXORL
register is unimplemented and always reads as ‘0.
Refer to Example 14-1.

Data in

Linear Feedback Shift Register for CRC-16-ANSI samz0ta

X1S+X15+X2+1

Augmentation Mode ON

Rev. 10-000207A

Augmentation Mode OFF Data in

14.4 CRC Data Sources

Data can be input to the CRC module in two ways:

- User data using the CRCDAT registers
(CRCDATH and CRCDATL)

- Program memory using the Program Memory
Scanner

To set the number of bits of data, up to 16 bits, the
DLEN bits of CRCCON1 must be set accordingly. Only
data bits in CRCDAT registers up to DLEN will be used,
other data bits in CRCDAT registers will be ignored.

Data is moved into the CRCSHIFT as an intermediate
to calculate the check value located in the CRCACC
registers.

The SHIFTM bit is used to determine the bit order of the
data being shifted into the accumulator. If SHIFTM is
not set, the data will be shifted in MSb first (Big Endian).
The value of DLEN will determine the MSb. If SHIFTM
bit is set, the data will be shifted into the accumulator in
reversed order, LSb first (Little Endian).

The CRC module can be seeded with an initial value by
setting the CRCACC<15:0> registers to the
appropriate value before beginning the CRC.

14.41 CRC FROM USER DATA

To use the CRC module on data input from the user, the
user must write the data to the CRCDAT registers. The
data from the CRCDAT registers will be latched into the
shift registers on any write to the CRCDATL register.

14.4.2 CRC FROM FLASH

To use the CRC module on data located in Program
memory, the user can initialize the Program Memory
Scanner as defined in Section 14.8, Scanner Module
Overview.

© 2017 Microchip Technology Inc.
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2253 EDGE-TRIGGERED HARDWARE
LIMIT MODE
In Hardware Limit mode the timer can be reset by the

TMRXx_ers external signal before the timer reaches the
period count. Three types of Resets are possible:

» Reset on rising or falling edge
(MODE<4:0>=00011)

* Reset on rising edge (MODE<4:0> = 0010)

* Reset on falling edge (MODE<4:0>=00101)

When the timer is used in conjunction with the CCP in

PWM mode then an early Reset shortens the period

and restarts the PWM pulse after a two clock delay.
Refer to Figure 22-6.

FIGURE 22-6: EDGE TRIGGERED HARDWARE LIMIT MODE TIMING DIAGRAM (MODE=00100)

Rev. 10-000197C
/121206

MODE| 0b00100 |

TMRx_clk
TXPR| 5 |
Instruction" {BsF) {BCFHBSF)
o] ]
TMRx_ers |

TxTMR

TMRXx_postscaled

PWM Duty
Cycle

)

PWM Output

Note 1: BSF and BCF represent Bit-Set File and Bit-Clear File instructions executed by the CPU to
set or clear the ON bit of TXCON. CPU execution is asynchronous to the timer clock input.
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REGISTER 22-6: TxHLT: TIMERx HARDWARE LIMIT CONTROL REGISTER

R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
PSYNC CKPOL CKSYNC MODE<4:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets
‘1’ = Bit is set ‘0’ = Bit is cleared
bit 7 PSYNC: Timerx Prescaler Synchronization Enable bit(12)

1 = TXTMR Prescaler Output is synchronized to Fosc/4

0 = TXTMR Prescaler Output is not synchronized to Fosc/4
bit 6 CKPOL: Timerx Clock Polarity Selection bit(3)

1 = Falling edge of input clock clocks timer/prescaler

0 = Rising edge of input clock clocks timer/prescaler
bit 5 CKSYNC: Timerx Clock Synchronization Enable bit{4: 3)

1 = ON register bit is synchronized to T2TMR_clk input

0 = ON register bit is not synchronized to T2TMR_clk input

bit 4-0 MODE<4:0>: Timerx Control Mode Selection bits(6: 7)
See Table 22-1 for all operating modes.

Note 1: Setting this bit ensures that reading TXTMR will return a valid data value.
2: When this bit is ‘1’, Timer2 cannot operate in Sleep mode.
CKPOL should not be changed while ON = 1.
Setting this bit ensures glitch-free operation when the ON is enabled or disabled.

When this bit is set then the timer operation will be delayed by two TxXTMR input clocks after the ON bit is
set.

DA

6: Unless otherwise indicated, all modes start upon ON =1 and stop upon ON = 0 (stops occur without
affecting the value of TXTMR).

7: When TXxTMR = TxPR, the next clock clears TXTMR, regardless of the operating mode.

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 339



"ou| ABojouyda] diyoosolN £102-9L02 @

Aeurwjaug

L.¢ ebed-g6161000vSA

FIGURE 25-7: PERIOD AND DUTY-CYCLE SINGLE ACQUISITION TIMING DIAGRAM

SMTx_signal |
SMTx_signalsync |
SMTx Clock
SMTXEN ' |
X | |
f I
| |

SMTXGO |

SMTxGO_sync

SMTXTMR | 0 |
SMTXCPW| 5 |
SMTXCPR| \ 11 |
SMTXPWAIF [ ]
SMTXPRAIF [ ]
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FIGURE 25-8: HIGH AND LOW MEASURE MODE REPEAT ACQUISITION TIMING DIAGRAM

SMTx_signal | I—I
SMTx_signalsync I—I—l | |—|
SMTXEN :

f

|

SMTXGO |

SMTxGO_sync

SMTXTMR | 0

SMTxCPW|

SMTXCPR| \ 6 |

SMTXPWAIF [ ] [ ]

SMTxPRAIF

ZYMLS/9G/SS/Lv/9vISy/L2/924(T)8LDId
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FIGURE 26-6: SIMPLIFIED CWG BLOCK DIAGRAM (FORWARD AND REVERSE FULL-BRIDGE
MODES)
MODE<2:0> = 010: Forward o e
MODE<2:0> = 011: Reverse LSAC<1:0> {

‘1" — 00
Rising Dead-Band Block ‘0 — 01

CWG Clock — clock ;
signal out High-Z — 10
— signal in 11

CDWG CWG Data A 1 .
MODE<2:0> ata : 0 [CWG1A
L] POLA
D Q 4
CWG —p% Q ' LSBD<1:0> o
Data Q\
cwg data ‘1" — 00
L—signal in ‘00— 01
signal out
CWG Clock —>clock High-z — 10
Falling Dead-Band Block 11
1

CWG Data Input 4J—D_>CWG Data CWG Data B D | ; E\TVG‘IB
POLB :)
mD Q
E LSAC<1:0> Q\
é o
EN

‘0 — 01
High-Z — 10
11

1
CWG Data C >
POLC ‘ 0 ICWG1C
Auto-shutdown source % s Q-
(CWGxAS1 register) — J S—
R LSBD<1:0> Q\

REN
4" — 00

SHUTDOWN = 0
o - o1
High-Z — 10
11

CWG Data D >
PoLD D ‘ 0 | CWG1D
SHUTDOWN | —
FREEZE j : D Q

A

CWG Data
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FIGURE 27-2: INPUT DATA SELECTION AND GATING

Data Selection

daT [ (Same as Data GATE 1)

|
|
° * |
P LI>C d4N |
|
|
|

LCx_in[n] 111111

/ D4S<5:0>

Note:  All controls are undefined at power-up.

| |
| LCx_in[0] 000000 |
| I Data GATE 1
@ |
| ° o d1T | G1D1T
| °® |
| dIN_, G1D1N
| LCx_in[n] 111111 |
| D1S<5:0> | __Giber
| |
| | __G1o2n] chxg1
| LCx_in[0] 000004 |
G1D3T
| ° | G1POL
| d2T1 |
| g * | G1D3N
| ° LDO d2N |
G1D4T
| LCx_in[n] 1111171 |
| |
| / D28<5:0> | G1D4N
| |
| LCx_in[0]——o00004 |
| | [ Data GATE 2
@
| i | —lexg2
. d3T ®
| @ I o (Same as Data GATE 1)
| |Te Data GATE 3
LCx_in[n] 111117 [
| / LS —lexg3
. [ ]
| p3S<6:0> | fu (Same as Data GATE 1)
| |
I Lex_in[0]——000000 b Data GATE 4
: [ ) 103 —lcxg4
|
|
|
|
|
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32.5.6 MASTER MODE SPI CLOCK
CONFIGURATION

32.5.6.1 SPI Clock Selection

The clock source for SPI master modes is selected by
the SPIXCLK register. Selections include the following:
* Fosc

* HFINTOSC

* CLKREF

» TimerQO_overflow

» Timer2_Postscaled

» Timer4_Postscaled

* Timer6_Postscaled

* SMT_match

The SPIXBAUD register allows for dividing this clock.

The frequency of the SCK output is defined by
Equation 32-1:

EQUATION 32-1: FREQUENCY OF SCK
OUTPUT SIGNAL

-  Feser
BAUD = (2 -(BAUD + 1))

where FBAUD is the baud rate frequency output on the
SCK pin, FcsEL is the frequency of the input clock
selected by the SPIXCLK register, and BAUD is the
value contained in the SPIXBAUD register.

32.5.6.2 CKE, CKP and SMP

The CKP, CKE, and SMP bits control the relationship
between the SCK clock output, SDO output data
changes, and SDI input data sampling. The bit
functions are as follows:

* CKP - SCK output polarity

* CKE - SDO output change relative to the SCK
clock

* SMP - SDI input sampling relative to the clock
edges

The CKE bit, when set, inverts the low Idle state of the
SCK output to a high Idle state.

Figure 32-7 through Figure 32-10 illustrate the eight
possible combinations of the CKP, CKE, and SMP bit
selections.

When the CKE bit is set, the SDO data is valid before
there is a clock edge on SCK. When the CKE bit is
cleared, the SDO data is undefined prior to the first
SCK edge.

Note:  All timing diagrams assume the LSBF bit
of SPIXCONO is cleared.

© 2017 Microchip Technology Inc. Preliminary
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REGISTER 32-4: SPIXTCNTH: SPI TRANSFER COUNTER MSB REGISTER

uU-0 u-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — — TCNT10 TCNT9 TCNT8
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
bit 7-3 Unimplemented: Read as ‘0’
bit 2-0 TCNT<10:8>:
BMODE =0
Bits 13-11 of the Transfer Counter, counting the total number of bits to transfer
BMODE =1

Bits 10-8 of the Transfer Counter, counting the total number of bytes to transfer
Note:  This register should not be written to while a transfer is in progress (BUSY bit of SPIXCON2 is set).

REGISTER 32-5: SPIXTWIDTH: SPI TRANSFER WIDTH REGISTER
uU-0 uU-0 u-0 uU-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — — TWIDTH2 TWIDTH1 TWIDTHO
bit 7 bit 0

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

bit 7-3 Unimplemented: Read as ‘0’

bit 2-0 TWIDTH<2:0>:
BMODE = 0
Bits 2-0 of the Transfer Counter, counting the total number of bits to transfer
BMODE = 1
Size (in bits) of each transfer counted by the transfer counter
111 =7 bits
110 = 6 bits
101 = 5 bits
100 = 4 bits
011 = 3 bits
010 = 2 bits
001 =1 bit
000 = 8 bits

Note:  This register should not be written to while a transfer is in progress (BUSY bit of SPIXCON2 is set).

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 537
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33.5.11  MASTER TRANSMISSION IN 10-BIT
ADDRESSING MODE

This section describes the sequence of events for the
12C module configured as an I2C master in 10-bit
Addressing mode and is transmitting data. Figure 33-
21 is used as a visual reference for this description

1. If ABD = 0; i.e., Address buffers are enabled

Master software loads number of bytes to be
transmitted in one sequence in I2CxCNT, high address
byte of slave address in [2CxADB1 with R/W = 0, low
address byte in I2CxADBO and the first byte of data in
I2CxTXB. Master software has to set the Start (S) bit to
initiate communication.

If ABD = 1;i.e., Address buffers are disabled

Master software loads the number of bytes to be
transmitted in one sequence in I2CxCNT and the high
address byte of the slave address with R/W = 0 into the
I2CxTXB register. Writing to the I12CxTXB will assert
the start condition on the bus and sets the S bit.
Software writes to the S bit are ignored in this case.

2. Master hardware waits for BFRE bit to be set;
then shifts out the start and high address and
waits for acknowledge.

3. If NACK, master hardware sends Stop.

4. If ABD = 0; i.e., Address buffer are enabled

If ACK, master hardware sends the low address byte
from 12CxADBO.

If ABD = 1;i.e., Address buffer are disabled

If ACK, master hardware sets TXIF and MDR bits and
the software has to write the low address byte into
I2CxTXB. Writing to 12CxTXB sends the low address
on the bus.

5. If TXBE = 1 and I2CxCNT! = 0, I2CxTXIF and
MDR bits are set. Clock is stretched on 8th
falling SCL edge until master software writes
next data byte to I2CxTXB.

6. Master hardware sends ninth SCL pulse for
ACK from slave and loads the shift register from
I2CxTXB. I12CxCNT is decremented.

7. If slave sends a NACK, master hardware sends
Stop and ends transmission.

8. Ifslave sends an ACK, master hardware outputs
data in the shift register on SDA. I2CxCNT value
is checked on the 8th faling SCL edge. If
I2CxCNT = 0; master hardware sends 9th SCL
pulse for ACK and CNTIF is set.

9. IfI2CxCNT! = 0; go to step 5.

© 2017 Microchip Technology Inc. Preliminary
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36.2 ADC Operation

36.2.1 STARTING A CONVERSION

To enable the ADC module, the ON bit of the ADCONO
register must be set to a ‘1’. A conversion may be
started by any of the following:

» Software setting the GO bit of ADCONO to ‘1’

* An external trigger (selected by Register 36-3)

» A continuous-mode retrigger (see section Sec-
tion 36.6.8 “Continuous Sampling mode”)

Note: The GO bit should not be set in the same
instruction that turns on the ADC. Refer to
Section 36.2.6 “ADC Conversion Pro-
cedure (Basic Mode)”.

36.2.2 COMPLETION OF A CONVERSION

When any individual conversion is complete, the value
already in ADRES is written into PREV (if ADPSIS = 1)
and the new conversion results appear in ADRES.
When the conversion completes, the ADC module will:

* Clear the GO bit (unless the CONT bit of
ADCONOQO is set)

» Set the ADIF Interrupt Flag bit
» Set the MATH bit
» Update ACC

When ADDSEN = 0 then after every conversion, or
when ADDSEN = 1 then after every other conversion,
the following events occur:

* ERR s calculated
« ADTIF is set if ERR calculation meets threshold
comparison

Importantly, filter and threshold computations occur
after the conversion itself is complete. As such,
interrupt handlers responding to ADIF should check
ADTIF before reading filter and threshold results.

36.2.3 ADC OPERATION DURING SLEEP

The ADC module can operate during Sleep. This
requires the ADC clock source to be set to the FRC
option. When the FRC oscillator source is selected, the
ADC waits one additional instruction before starting the
conversion. This allows the SLEEP instruction to be
executed, which can reduce system noise during the
conversion. If the ADC interrupt is enabled, the device
will wake-up from Sleep when the conversion
completes. If the ADC interrupt is disabled, the ADC
module is turned off after the conversion completes,
although the ON bit remains set.

36.2.4 EXTERNAL TRIGGER DURING
SLEEP

If the external trigger is received during sleep while
ADC clock source is set to the FRC, ADC module will
perform the conversion and set the ADIF bit upon com-
pletion.

If an external trigger is received when the ADC clock
source is something other than FRC, the trigger will be
recorded, but the conversion will not begin until the
device exits Sleep.

© 2017 Microchip Technology Inc.
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REGISTER 36-35: ADACT: ADC AUTO CONVERSION TRIGGER CONTROL REGISTER

u-0 uU-0 U-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— = ACT<4:0>

bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged x = Bit is unknown -n/n = Value at POR and BOR/Value at all other Resets

‘1’ = Bit is set ‘0’ = Bit is cleared

bit 7-5 Unimplemented: Read as ‘0’

bit 4-0 ADACT<4:0>: Auto-Conversion Trigger Select Bits

11111 = Reserved, do not use
L]
L]

11110 = Reserved, do not use
11101 = Software write to ADPCH
11100 = Reserved, do not use
11011 = Software read of ADRESH
11010 = Software read of ADERRH
11001 = CLC4_out

11000 = CLC3 out

10111 = CLC2_out

10110 = CLC1_out

10101 = Logical OR of all Interrupt-on-change Interrupt Flags
10100 = CMP2_out

10011 = CMP1_out

10010 = NCO1_out

10001 = PWM8_out

10000 = PWM7_out

01111 = PWM6_out

01110 = PWM5_out

01101 = CCP4_trigger

01100 = CCP3_trigger

01011 = CCP2_trigger

01010 = CCP1_trigger

01001 = SMT1_trigger

01000 = TMR6_postscaled

00111 = TMRS_overflow

00110 = TMR4_postscaled

00101 = TMR3_overflow

00100 = TMR2_postscaled

00011 = TMR1_overflow

00010 = TMRO_overflow

00001 = Pin selected by ADACTPPS
00000 = External Trigger Disabled

© 2017 Microchip Technology Inc. Preliminary DS40001919B-page 635
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BNC Branch if Not Carry BNN Branch if Not Negative
Syntax: BNC n Syntax: BNN n
Operands: -128 <n<127 Operands: -128 <n<127
Operation: if CARRY bit is ‘0’ Operation: if NEGATIVE bit is ‘0’
(PC)+2+2n—> PC (PC)+2+2n— PC
Status Affected: None Status Affected: None
Encoding: ‘ 1110 | 0011 ‘ nnnn | nnnn ‘ Encoding: ‘ 1110 | 0111 ‘ nnnn | nnnn ‘
Description: If the CARRY bitis ‘0’, then the program Description: If the NEGATIVE bit is ‘0’, then the
will branch. program will branch.
The 2’s complement number ‘2n’ is The 2’s complement number ‘2n’ is
added to the PC. Since the PC will have added to the PC. Since the PC will have
incremented to fetch the next incremented to fetch the next
instruction, the new address will be instruction, the new address will be
PC + 2 + 2n. This instruction is then a PC + 2 + 2n. This instruction is then a
2-cycle instruction. 2-cycle instruction.
Words: 1 Words: 1
Cycles: 1(2) Cycles: 1(2)
Q Cycle Activity: Q Cycle Activity:
If Jump: If Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process Write to PC Decode Read literal Process Write to PC
‘n’ Data ‘n’ Data
No No No No No No No No
operation operation operation operation operation operation operation operation
If No Jump: If No Jump:
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Decode Read literal Process No Decode Read literal Process No
‘n’ Data operation ‘n’ Data operation
Example: HERE BNC Jump Example: HERE BNN  Jump
Before Instruction Before Instruction
PC = address (HERE) PC = address (HERE)
After Instruction After Instruction
If CARRY = 0 If NEGATIVE = O;
PC = address (Jump) PC = address (Jump)
If CARRY = ; If NEGATIVE = f1;
PC = address (HERE + 2) PC = address (HERE + 2)
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DECF Decrement f DECFSZ Decrement f, skip if 0
Syntax: DECF f{,d{,a}} Syntax: DECFSZ f{d {,a}}
Operands: 0<f<255 Operands: 0<f<255
d € [0,1] de[01]
a e [0,1] a e [0,1]
Operation: (f)—1 — dest Operation: (f)— 1 — dest,
Status Affected: G, DC, N, OV, Z skip if result = 0
Encoding: | 0000 [ o1da | fref | fref | Status Affected: None
Description: Decrement register f'. If ‘d’ is ‘0’, the Encoding: ‘ 0010 | tlda ‘ ffef | ffef ‘
result is stored in W. If ‘d’ is ‘1, the Description: The contents of register ‘" are
result is stored back in register f’ decremented. If ‘d’ is ‘0’ the result is
(default). placed in W. If ‘d’ is ‘1’, the result is
If ‘a’ is ‘0, the Access Bank is selected. placed back in register ‘f’ (default).
If ‘a’is ‘'1’, the BSR is used to select the If the result is ‘0’, the next instruction,
GPR bank. which is already fetched, is discarded
If ‘a’ is ‘0’ and the extended instruction and a NOP is executed instead, making
set is enabled, this instruction operates it a 2-cycle instruction.
in Indexed Literal Offset Addressing If ‘a’is ‘0’, the Access Bank is selected.
mode whenever f < 95 (5Fh). See Sec- If‘a’is ‘1’, the BSR is used to select the
tion 41.2.3 “Byte-Oriented and Bit- GPR bank.
Oriented Instructions in Indexed Lit- If ‘a’ is ‘0’ and the extended instruction
eral Offset Mode” for details. set is enabled, this instruction operates
Words: 1 in Indexed Literal Offset Addressing
mode whenever f <95 (5Fh). See Sec-
Cycles: 1 tion 41.2.3 “Byte-Oriented and Bit-
Q Cycle Activity: Oriented Instructions in Ipdexed Lit-
Q1 Q2 Q3 Q4 eral Offset Mode” for details.
Decode Read Process Write to Words: 1
register ‘f Data destination Cycles: 1(2)
Note: 3 cycles if skip and followed
Exambple: DECF CNT, 1, 0 by a 2-word instruction.
Before Instruction Q Cycle Activity:
CNT = 01h Q1 Q2 Q3 Q4
4 = 0 Decode Read Process Write to
After Instruction register ‘f Data destination
CNT = 00h —
4 = 1 If skip:
Q1 Q2 Q3 Q4
No No No No

operation operation operation operation
If skip and followed by 2-word instruction:

Q1 Q2 Q3 Q4
No No No No
operation operation operation operation
No No No No

operation operation operation operation

Example: HERE DECFSZ CNT, 1, 1
GOTO LOOP
CONTINUE
Before Instruction
PC = Address (HERE)
After Instruction
CNT = CNT-1
IfCNT = O
PC = Address (CONTINUE)
IfCNT = ;
PC = Address (HERE + 2)
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ADD W to Indexed Bit Set Indexed
ADDWF (Indexed Literal Offset mode) BSF (Indexed Literal Offset mode)
Syntax: ADDWF  [k] {,d} Syntax: BSF [k], b
Operands: 0<k<95 Operands: 0<f<95
d e [0,1] 0<b<7
Operation: (W) + ((FSR2) + k) — dest Operation: 1 — ((FSR2) + k)<b>
Status Affected: N, OV, C,DC, zZ Status Affected: None
Encoding: ‘ 0010 ‘ 01d0 ‘ kkkk ‘ kkkk ‘ Encoding: ‘ 1000 | bbb0 ‘ kkkk | kkkk ‘
Description: The contents of W are added to the Description: Bit ‘b’ of the register indicated by FSR2,
contents of the register indicated by offset by the value k', is set.
FSR2, offset by the value ‘k’. Words: 1
If ‘d’ is ‘0’, the result is stored in W. If ‘d’ '
is ‘1’, the result is stored back in Cycles: 1
register ‘f’ (default). Q Cycle Activity:
Words: 1 Q1 Q2 Q3 Q4
Cycles: 1 Decode Read Process Write to
Q Cycle Activity: register ‘f’ Data destination
Q1 Q2 Q3 Q4 Example: BSF [FLAG OFST], 7
Decode Read ‘k’ Process Write to .
Data destination Before Instruction
FLAG_OFST = 0OAh
FSR2 = 0A0Oh
Example: ADDWF [OFST], O Contents
. of 0AOAh = 55h
Before Instruction )
After Instruction
w = 17h Contents
OFST = 2Ch of 0AOAh = D5h
FSR2 = 0AOOh
Contents
of 0A2Ch = 20h
After Instruction
w = 37h
Contents SETF Set Indexe_d
of 0A2Ch = 20h (Indexed Literal Offset mode)
Syntax: SETF [k]
Operands: 0<k<95
Operation: FFh — ((FSR2) + k)
Status Affected: None
Encoding: ‘ 0110 | 1000 ‘ kkkk | kkkk ‘
Description: The contents of the register indicated by
FSR2, offset by ‘k’, are set to FFh.
Words: 1
Cycles: 1
Q Cycle Activity:
Q1 Q2 Q3 Q4
Decode Read ‘K’ Process Write
Data register
Example: SETF [OFST]
Before Instruction
OFST = 2Ch
FSR2 = 0A0Oh
Contents
of 0A2Ch = 00h
After Instruction
Contents
of 0A2Ch = FFh
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43.6 MPLAB X SIM Software Simulator

The MPLAB X SIM Software Simulator allows code
development in a PC-hosted environment by
simulating 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 /O, most peripherals
and internal registers.

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

43.7 MPLAB REAL ICE In-Circuit
Emulator System

The 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 all 8, 16 and 32-bit MCU, and DSC devices
with the easy-to-use, powerful graphical user interface of
the MPLAB X IDE.

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 (RJ-11)
or with the new high-speed, noise tolerant, Low-
Voltage Differential Signal (LVDS) interconnection
(CATS).

The emulator is field upgradable through future firmware
downloads in MPLAB X IDE. MPLAB REAL ICE offers
significant advantages over competitive emulators
including full-speed emulation, run-time variable
watches, trace analysis, complex breakpoints, logic
probes, a ruggedized probe interface and long (up to
three meters) interconnection cables.

43.8 MPLAB ICD 3 In-Circuit Debugger
System

The MPLAB ICD 3 In-Circuit Debugger System is
Microchip’s most cost-effective, high-speed hardware
debugger/programmer for Microchip Flash DSC and
MCU devices. It debugs and programs PIC Flash
microcontrollers and dsPIC DSCs with the powerful,
yet easy-to-use graphical user interface of the MPLAB
IDE.

The MPLAB ICD 3 In-Circuit Debugger probe is
connected 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.

43.9 PICkit 3 In-Circuit Debugger/
Programmer

The MPLAB PICkit 3 allows debugging and
programming of PIC and dsPIC Flash microcontrollers
at a most affordable price point using the powerful
graphical user interface of the MPLAB IDE. The
MPLAB PICkit 3 is connected to the design engineer’s
PC using a full-speed USB interface and can be
connected to the target via a Microchip debug (RJ-11)
connector (compatible with MPLAB ICD 3 and MPLAB
REAL ICE). The connector uses two device 1/O pins
and the Reset line to implement in-circuit debugging
and In-Circuit Serial Programming™ (ICSP™).

43.10 MPLAB PM3 Device Programmer

The MPLAB PM3 Device Programmer is a universal,
CE compliant device programmer with programmable
voltage verification at VDDMIN and VDDMAX for
maximum reliability. It features a large LCD display
(128 x 64) for menus and error messages, and a mod-
ular, detachable socket assembly to support various
package types. The ICSP cable assembly is included
as a standard item. In Stand-Alone mode, the MPLAB
PM3 Device Programmer can read, verify and program
PIC devices without a PC connection. It can also set
code protection in this mode. The MPLAB PM3
connects to the host PC via an RS-232 or USB cable.
The MPLAB PM3 has high-speed communications and
optimized algorithms for quick programming of large
memory devices, and incorporates an MMC card for file
storage and data applications.
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44.0 ELECTRICAL SPECIFICATIONS

441 Absolute Maximum Ratings(t

Ambient temperature UNAEr DIas...... ..ot a e -40°C to +125°C
SEOrage tEMPEIAtUIE ...ttt ettt e et e e e et e -65°C to +150°C
Voltage on pins with respect to Vss
on VDD pin
PIC18F26/45/46/55/56KA2 ........ooieiiiiiiie ettt et
PIC18(L)F26/27/45/46/47/55/56/57K42
on MCLR ] 1 o P UUPPPUPUPRT
[T 0 I= 110 £ =Y gl o1 < PR
Maximum current
on Vss pin(®
S40°C STA S HBB5°C i
85%C < TA S H125°C ittt n e e e e nnaee )
on VDD pin for 28-Pin devices("
T R T o3 o RN W v .....
85°C < TA S H125°C ittt nn e snnee s \ereeeeenannneaeanreeeenneeennnes
on VDD pin for 40-Pin devices("
“40°C S TASH85°C i
85°C < TASH125°C i
on any standard /O pin ......c.cooviieiiiieee e,
Clamp current, Ik (VPIN < 0 or VPIN > VDD)
Total power dissipation(z) ...................................................................

ou

Note 1: Maximum current rating requires even }6a
limited by the device package power 8issipation

specifications.
2: Power dissipation is calculated &s foliqws:
PDIS = VDD x {IDD - X IOH} + X {(VDD™VOM) x |IoH} + X (VOI x loL)

1 NOTICE: Stresses above thos€ listed under “Afsolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating anly and furctiongf operation of the device at those or any other conditions above those
indicated in the operation ligtings of this sp tion is not implied. Exposure above maximum rating conditions for

extended periods may affect devigeyeliability,

&)

6&?88 I/0 pins. Maximum current rating may be
aracterizations, see Table 44-8 to calculate device
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TABLE 44-9: EXTERNAL CLOCK/OSCILLATOR TIMING REQUIREMENTS (CONTINUED)

Standard Operating Conditions (unless otherwise stated)

Pa:‘lrgm Sym. Characteristic Min. Typt Max. Units Conditions

) A
0s21 |[Fey Instruction Frequency — | Fosca| — MHz < \
0s22 |[Tey Instruction Period 625 | 1Fey | — ns /A \

*

These parameters are characterized but not tested.
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated. These parameters are for design guidance only and a
not tested.

Note 1: Instruction cycle period (TCY) equals four times the input oscillator time base period. All spécifi€d Yalues are based on
characterization data for that particular oscillator type under standard operating conditions w ¢ i uting
code. Exceeding these specified limits may result in an unstable oscillator operation and{or higher ted

“Power-Saving Operation Modes”.
3:  The system clock frequency (FOsc) must meet the voltage requirements defin
Operating Conditions”.
4: LP, XT and HS oscillator modes require an appropriate crystal or re
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