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PIC18(L)F25/26K83

FIGURE 4-7: COMPARING ADDRESSING OPTIONS FOR BIT-ORIENTED AND
BYTE-ORIENTED INSTRUCTIONS (EXTENDED INSTRUCTION SET ENABLED)

EXAMPLE INSTRUCTION: ADDWF, f, d, a (Opcode: 0010 Olda ffff ffff)

When ‘@’ = 0 and f > 60h: 0000h
The instruction executes in 0060h
Direct Forced mode. ‘f is inter- Bank 0
preted as a location in the 0100h
Access RAM between 060h 00h
and OFFh. This is the same as tEa”k 1
X NN rough 60h
locations 3F60h to 3FFFh <~ Bank62 )
(Bank 63) of data memory. Va"g)rr?fr,'ge
Locations below 60h are not EFh
available in this Addressing 3F00h Access RAM
mode. Bank 63
3F60hf — = — — — — — -
SFRs
3FFFh
Data Memory
When ‘@’ =0 and f < 5Fh: 0000h
The instruction executes in
Indexed Literal Offset mode. ‘f 0060h .
is interpreted as an offset to the ank 0
address value in FSR2. The 0100n [001001da [fFFFFFff |
two are added together to Bank 1
obtain the address of the target J~ through U5
“ Bank 62 M

register for the instruction. The
address can be anywhere in | FSRaH | FSRaL |
the data memory space.

3F00h

Note that in this mode, the Bank 63
correct syntax is now: 3F60hf — — — — — — — |
ADDWF [k], d SFRs
where ‘K’ is the same as f’. 3FFFh
Data Memory
BSR
When ‘a’ =1 (all values of f): 0000h
The instruction executes in 00500 - e
Direct mode (also known as Bank 0
Direct Long mode). ‘f is inter- 0100h D
preted as a location in one of
the 63 banks of the data Bank 1 [001001da [fFFFFFFf |
memory space. The bank is 2 tBlgr?ll(JgGg N
designated by the Bank Select
Register (BSR). The address
can be in any implemented 3F00h
bank in the data memory Bank 63
space. 3FE0N| — — — — — — —
SFRs
3FFFh

Data Memory
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9.4.4 SIMULTANEOUS LOW AND HIGH PRIORITY

INTERRUPTS

When both high and low interrupts are active in the same instruction cycle (i.e.,
simultaneous interrupt events), both the high and the low priority requests are
generated. The high priority ISR is serviced first before servicing the low priority

interrupt see Figure 9-5.

FIGURE 9-5: INTERRUPT EXECUTION: SIMULTANEOUS LOW AND HIGH PRIORITY INTERRUPTS
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Low ISR
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EXAMPLE 9-4: SETTING UP VECTORED INTERRUPTS USING XC8

/1 NOTE 1: |f IVTBASE is changed fromits default value of 0x000008, then the
/1 "base(...)" argument must be provided in the ISR Oherw se the vector
/] table will be placed at 0x0008 by default regardl ess of the |VIBASE val ue.

/1 NOTE 2: When MVECEN=0 and | PEN=1, a separate argument as "high_priority"
/1 or "low priority" can be used to distinguish between the two | SRs.

/1 If the argument is not provided, the ISR is considered high priority

/1 by default.

/1 NOTE 3: Multiple interrupts can be handled by the same ISR if they are
// specified in the "irqg(...)" argunent. Ex: irq(lRQTMRO0, |RQ CCP1)

void __interrupt(irqg(l RQ TMR0), base(0x4008)) TMRO_I SR(voi d)

{
PI R3bits. TMROI F = O; // Clear the interrupt flag
LATCbits.LCO A= 1; /1 1SR code goes here

}

void __interrupt(irqg(default), base(0x4008)) DEFAULT_| SR(voi d)

{
// Unhandl ed interrupts go here

}

void I NTERRUPT_ I nitialize (void)

{
| NTCONObi ts. G EH = 1; /1 Enable high priority interrupts
| NTCONObits. G EL = 1; /1 Enable low priority interrupts
| NTCONObi ts. | PEN = 1; // Enable interrupt priority
Pl E3bits. TMROIE = 1; /1 Enable TMRO interrupt
Pl E4bits. TMRLI E = 1; /1 Enable TMRL interrupt
| PR3bits. TMROIP = 0; /1 Make TMRO interrupt low priority
/1 Change | VIBASE if required
| VTBASEU = 0x00; /1 Optional
| VTBASEH = 0x40; // Default is 0x0008
| VTBASEL = 0x08;

}

© 2017 Microchip Technology Inc. Preliminary DS40001943A-page 124
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REGISTER 9-25:

IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
I2C1RXIP SPIMIP SPHMTXIP | SPI1RXIP DMA1AIP DMA1ORIP | DMA1DCNTIP | DMA1SCNTIP
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 I2C1RXIP: 12C1 Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 SPIMIP: SPI1 Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 SPMTXIP: 1°C1 Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 SPIMRXIP: SPI1 Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 DMA1AIP: DMA1 Abort Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 DMA1ORIP: DMA1 Overrun Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 DMA1DCNTIP: DMA1 Destination Count Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 DMA1SCNTIP: DMA1 Source Count Interrupt Priority bit

1 = High priority
0 = Low priority

© 2017 Microchip Technology Inc. Preliminary
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REGISTER 9-32:

IPR9: PERIPHERAL INTERRUPT PRIORITY REGISTER 9

uU-0 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1 R/W-1/1
= CLC4IP CCP4IP CLC3IP CWG3IP CCP3IP TMRG6IP TMR5GIP
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 Unimplemented: Read as ‘0’
bit 6 CLCA4IP: CLC4 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 CCP4IP: CCP4 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 CLC3IP: CLC3 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 CWG3IP: CWGS3 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 CCP3IP: CCP3 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMRG6IP: TMRGIP Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMRS5GIP: TMRS5 Interrupt Priority bit

1 = High priority
0 = Low priority

© 2017 Microchip Technology Inc.
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REGISTER 14-3:

CRCDATH: CRC DATA HIGH BYTE REGISTER

R/W-xx R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
DATA<15:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

u = Bit is unchanged
‘1’ = Bit is set

x = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0

REGISTER 14-4:

DATA<15:8>: CRC Input/Output Data bits

CRCDATL: CRC DATA LOW BYTE REGISTER

u = Bit is unchanged
‘1’ = Bitis set

R/W-xx R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x R/W-x/x
DATA<7:0>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

x = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0

DATA<7:0>: CRC Input/Output Data bits
Writing to this register fills the shifter.

REGISTER 14-5:

CRCACCH: CRC ACCUMULATOR HIGH BYTE REGISTER

u = Bit is unchanged
‘1’ = Bit is set

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
ACC<15:8>
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

x = Bit is unknown
‘0’ = Bit is cleared

-n/n = Value at POR and BOR/Value at all other Resets

bit 7-0

ACC<15:8>:

CRC Accumulator Register bits

© 2017 Microchip Technology Inc.
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17.0 PERIPHERAL PIN SELECT
(PPS) MODULE

The Peripheral Pin Select (PPS) module connects
peripheral inputs and outputs to the device I/O pins. Only
digital signals are included in the selections. All analog
inputs and outputs remain fixed to their assigned pins.
Input and output selections are independent as shown in
the simplified block diagram Figure 17-1.

The peripheral input is selected with the peripheral
xxxPPS register (Register 17-1), and the peripheral
output is selected with the PORT RxyPPS register
(Register 17-2). For example, to select PORTC<7> as
the UART1 RX input, set UIRXPPS to Ob1l 0111, and
to select PORTC<6> as the UART1 TX output set
RC6PPS to 0b01 0011.

171 PPS Inputs

Each peripheral has a PPS register with which the
inputs to the peripheral are selected. Inputs include the
device pins.

FIGURE 17-1:

Multiple peripherals can operate from the same source
simultaneously. Port reads always return the pin level
regardless of peripheral PPS selection. If a pin also has
analog functions associated, the ANSEL bit for that pin
must be cleared to enable the digital input buffer.

Although every peripheral has its own PPS input selec-
tion register, the selections are identical for every
peripheral as shown in Register 17-1.

Note:  The notation “xxx” in the register name is
a place holder for the peripheral identifier.

For example, INTOPPS.

17.2 PPS Outputs

Each 1/0O pin has a PPS register with which the pin
output source is selected. With few exceptions, the port
TRIS control associated with that pin retains control
over the pin output driver. Peripherals that control the
pin output driver as part of the peripheral operation will
override the TRIS control as needed. These
peripherals include:

* UART

Although every pin has its own PPS peripheral
selection register, the selections are identical for every
pin as shown in Register 17-2.

Note:  The notation “Rxy” is a place holder for the
pin identifier. For example, RAOPPS.

SIMPLIFIED PPS BLOCK DIAGRAM

abcPPS

Rxy IZ :
|

Peripheral abc

Rev. 10-00262D
312712017

nyPPS—\I\

| —X Rxy

T
| [———————{ Peripheral xyz

Rxy [ :

nyPPS—\I\
T
|
|

—X Rxy

xyzPPS 4/,/

| R Ry
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REGISTER 26-5: CWGxSTR()): CWG STEERING 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
OVRD OVRC | OVRB | OVRA STRD® | STRC® sTRB® | sTRA®
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 g = Value depends on condition
bit 7 OVRD: Steering Data D bit
bit 6 OVRC: Steering Data C bit
bit 5 OVRB: Steering Data B bit
bit 4 OVRA: Steering Data A bit
bit 3 STRD: Steering Enable bit D)

1 = CWGxD output has the CWG data input waveform with polarity control from POLD bit
0 = CWGKxD output is assigned to value of OVRD bit

bit 2 STRC: Steering Enable bit C(?)
1 = CWGXC output has the CWG data input waveform with polarity control from POLC bit
0 = CWGKxC output is assigned to value of OVRC bit

bit 1 STRB: Steering Enable bit B
1 = CWGxB output has the CWG data input waveform with polarity control from POLB bit
0 = CWGxB output is assigned to value of OVRB bit

bit O STRA: Steering Enable bit A
1 = CWGKxXA output has the CWG data input waveform with polarity control from POLA bit
0 = CWGKXA output is assigned to value of OVRA bit

Note 1: The bits in this register apply only when MODE<2:0> = 00x (Register 26-1, Steering modes).
2: This bit is double-buffered when MODE<2:0> = 001.

© 2017 Microchip Technology Inc. Preliminary DS40001943A-page 414
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REGISTER 27-7:

CLCxGLSO0: GATE 0 LOGIC SELECT REGISTER

R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u R/W-x/u
G1D4T G1D4N G1D3T G1D3N G1D2T G1D2N G1DI1T G1D1N
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 G1DAT: Gate 0 Data 4 True (non-inverted) bit
1 = CLCINS (true) is gated into CLCx Gate 0
0 = CLCINS (true) is not gated into CLCx Gate 0
bit 6 G1D4N: Gate 0 Data 4 Negated (inverted) bit
1 = CLCINS3 (inverted) is gated into CLCx Gate 0
0 = CLCINS (inverted) is not gated into CLCx Gate 0
bit 5 G1D3T: Gate 0 Data 3 True (non-inverted) bit
1 = CLCIN2 (true) is gated into CLCx Gate 0
0 = CLCIN2 (true) is not gated into CLCx Gate 0
bit 4 G1D3N: Gate 0 Data 3 Negated (inverted) bit
1 = CLCIN2 (inverted) is gated into CLCx Gate 0
0 = CLCIN2 (inverted) is not gated into CLCx Gate 0
bit 3 G1D2T: Gate 0 Data 2 True (non-inverted) bit
1 = CLCIN1 (true) is gated into CLCx Gate 0
0 = CLCINT1 (true) is not gated into | CLCx Gate 0
bit 2 G1D2N: Gate 0 Data 2 Negated (inverted) bit
1 = CLCIN1 (inverted) is gated into CLCx Gate 0
0 = CLCIN1 (inverted) is not gated into CLCx Gate 0
bit 1 G1D1T: Gate 0 Data 1 True (non-inverted) bit
1 = CLCINO (true) is gated into CLCx Gate 0
0 = CLCINO (true) is not gated into CLCx Gate 0
bit 0 G1D1N: Gate 0 Data 1 Negated (inverted) bit

1 = CLCINO (inverted) is gated into CLCx Gate 0
0 = CLCINO (inverted) is not gated into CLCx Gate 0

© 2017 Microchip Technology Inc. Preliminary
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29.0 ZERO-CROSS DETECTION
(ZCD) MODULE

The ZCD module detects when an A/C signal crosses
through the ground potential. The actual zero-crossing
threshold is the zero-crossing reference voltage,
VCPINV, which is typically 0.75V above ground.

The connection to the signal to be detected is through
a series current-limiting resistor. The module applies a
current source or sink to the ZCD pin to maintain a
constant voltage on the pin, thereby preventing the pin
voltage from forward biasing the ESD protection
diodes. When the applied voltage is greater than the
reference voltage, the module sinks current. When the
applied voltage is less than the reference voltage, the
module sources current. The current source and sink
action keeps the pin voltage constant over the full
range of the applied voltage. The ZCD module is
shown in the simplified block diagram Figure 29-2.

The ZCD module is useful when monitoring an A/C
waveform for, but not limited to, the following purposes:

* A/C period measurement

» Accurate long term time measurement
* Dimmer phase delayed drive

* Low EMI cycle switching

29.1 External Resistor Selection

The ZCD module requires a current-limiting resistor in
series with the external voltage source. The impedance
and rating of this resistor depends on the external
source peak voltage. Select a resistor value that will
drop all of the peak voltage when the current through
the resistor is nominally 300 HA. Refer to Equation 29-
1 and Figure 29-1. Make sure that the ZCD 1/O pin
internal weak pull-up is disabled so it does not interfere
with the current source and sink.

EQUATION 29-1: EXTERNAL RESISTOR

_ VPEAK
RSERIES = —
3x10
FIGURE 29-1: EXTERNAL VOLTAGE

VMAXPEAK
VMINPEAK

VCPINV

© 2017 Microchip Technology Inc.
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31.2.1.1 Enabling the Transmitter

The UART transmitter is enabled for asynchronous
operations by configuring the following control bits:

« TXEN=1

* MODE<3:0> = 0Oh through 3h

* UXBRGH:L = desired baud rate

* UxBRGS = desired baud rate multiplier

* RxyPPS = code for desired output pin

*« ON=1

All other UART control bits are assumed to be in their
default state.

Setting the TXEN bit in the UxCONO register enables
the transmitter circuitry of the UART. The MODE<3:0>
bits in the UxCONO register select the desired mode.
Setting the ON bit in the UxCON1 register enables the
UART. When TXEN is set and the transmitter is not idle,
the TX pin is automatically configured as an output.
When the transmitter is idle, the TX pin drive is
relinquished to the port TRIS control. If the TX pin is
shared with an analog peripheral, the analog 1/O
function should be disabled by clearing the
corresponding ANSEL bit.

Note: The UxXTXIF Transmitter Interrupt flag is
set when the TXEN enable bit is set and
the UxTXB register can accept data.

31.2.1.2

A transmission is initiated by writing a character to the
UxTXB register. If this is the first character, or the
previous character has been completely transmitted
from the TSR, the data in the UxTXB is immediately
transferred to the TSR register. If the TSR still contains
all or part of a previous character, the new character
data is held in the UxTXB until the previous character
transmission is complete. The pending character in the
UxTXB is then transferred to the TSR at the beginning
of the previous character Stop bit transmission. The
transmission of the Start bit, data bits and Stop bit
sequence commences immediately following the
completion of all of the previous character’s Stop bits.

Transmitting Data

31.2.1.3

The polarity of the transmit data is controlled with the
TXPOL bit in the UxCONZ2 register. The default state of
this bit is ‘0’ which selects high true transmit idle and
data bits. Setting the TXPOL bit to ‘1’ will invert the
transmit data, resulting in low true idle and data bits. The
TXPOL bit controls transmit data polarity in all modes.

Transmit Data Polarity

31.214 Transmit Interrupt Flag

The UxTXIF interrupt flag bit in the PIR register is set
whenever the UART transmitter is enabled and no
character is being held for transmission in the UxTXB. In
other words, the UxTXIF bit is clear only when the TSR
is busy with a character and a new character has been
queued for transmission in the UXTXB.

The UXTXIF interrupt can be enabled by setting the
UXTXIE interrupt enable bit in the PIE register.
However, the UXTXIF flag bit will be set whenever the
UxTXB is empty, regardless of the state of UXTXIE
enable bit.The UXTXIF bit is read-only and cannot be
set or cleared by software.

To use interrupts when transmitting data, set the
UxTXIE bit only when there is more data to send. Clear
the UxTXIE interrupt enable bit upon writing UxTXB
with the last character of the transmission.

31.21.5 TSR Status

The TXMTIF bit in the UXERRIR register indicates the
status of the TSR. This is a read-only bit. The TXMTIF
bit is set when the TSR is empty and idle. The TXMTIF
bit is cleared when a character is transferred to the
TSR from the UxTXB. The TXMTIF bit remains clear
until all bits, including the Stop bits, have been shifted
out of the TSR and a byte is not waiting in the UXTXB
register.

The TXMTIF will generate an interrupt when the
TXMTIE bit in the UXERRIE register is set.

Note: The TSR is not mapped in data memory,
so it is not available to the user.

31.2.1.6 Transmitter 7-bit Mode

7-Bit mode is selected when the MODE<3:0> bits are
set to ‘0001’. In 7-bit mode, only the seven Least
Significant bits of the data written to UXTXB are
transmitted. The Most Significant bit is ignored.

31.21.7

When the Odd or even Parity mode is selected, all data
is sent as nine bits. The first eight bits are data and the
9th bit is parity. Even and odd parity is selected when
the MODE<3:0> bits are set to ‘0011’ and ‘0010’,
respectively. Parity is automatically determined by the
module and inserted in the serial data stream.

Transmitter Parity Modes

© 2017 Microchip Technology Inc.
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REGISTER 32-9: SPIXCON2: SPI CONFIGURATION REGISTER 2

R-0/0

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

BUSY

SSFLT — — — SSET TXRM RXR("

bit 7

bit 0

Legend:

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

bit 7

bit 6

bit 5-3
bit 2

bit 1

bit 0

Note 1:

BUSY: SPI Module Busy Status bit

1 = Data exchange is busy

0 = Data exchange is not taking place

SSFLT: SS(in) Fault Status bit

If SSET =0

1 = SS(in) ended the transaction unexpectedly, and the data byte being received was lost
0 = SS(in) ended normally

IfSSET=1

This bit is unchanged.

Unimplemented: Read as ‘0’

SSET: Slave Select Enable bit

Master mode:

1 = SS(out) is driven to the active state continuously

0 = SS(out) is driven to the active state while the transmit counter is not zero

Slave mode:

1 = SS(in) is ignored and data is clocked on all SCK(in) (as though SS = TRUE at all times)

0 = SS(in) enables/disables data input and tri-states SDO if the TRIS bit associated with the SDO pin
is set (see Table 32-2 for details)

TXR: Transmit Data-Required Control bit(1)

1 = TxFIFO data is required for a transfer

0 = TxFIFO data is not required for a transfer

RXR: Receive FIFO Space-Required Control bit(")

1 = Data transfers are suspended if the RxFIFO is full
0 = Received data is not stored in the FIFO

See Table 32-1 as well as Section 32.5 “Master mode” and Section 32.6 “Slave Mode” for more details
pertaining to TXR and RXR function.

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

© 2017 Microchip Technology Inc. Preliminary DS40001943A-page 525
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REGISTER 33-4: 12CxCLK: I2C CLOCK SELECTION REGISTER

uU-0 uU-0 uU-0 uU-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — — CLK<3:0>
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 HS = Hardware set = HC = Hardware clear
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 CLK<3:0>: I°C Clock Selection Bits
CLK<3:0> I2Cx Clock Selection
1010-1111 Reserved
1001 SMT1 overflow
1000 TMR®6 post scaled output
0111 TMR4 post scaled output
0110 TMR2 post scaled output
0101 TMRO overflow
0100 Clock Reference output
0011 MFINTOSC (500 kHz)
0010 HFINTOSC
0001 Fosc
0000 Fosc/4
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TABLE 34-3: TOTAL FREQUENCY ERROR AT VARIOUS PLL GENERATED CLOCK SPEEDS
(100 PPM OSCILLATOR DRIFT, INCLUDING ERROR FROM JITTER)

Frequency Error at Various Nominal Bit Times (Bit Rates)
Nominal PLL Output 8 us 4us 2 us 1ps
(125 Kbl/s) (250 Kb/s) (500 Kb/s) (1 Mb/s)
40 MHz 0.01125% 0.01250% 0.015% 0.02%
24 MHz 0.01209% 0.01418% 0.018% 0.027%
16 MHz 0.01313% 0.01625% 0.023% 0.035%

34.8.2 TIME QUANTA

As already mentioned, the Time Quanta is a fixed unit
derived from the oscillator period and baud rate
prescaler. Its relationship to TBIT and the Nominal Bit
Rate is shown in Example 34-1.

EXAMPLE 34-1: CALCULATING Tq,
NOMINAL BIT RATE AND
NOMINAL BIT TIME

TQ (us) =(2* (BRP + 1))/Fosc (MHz)
TBIT (us) = TQ (us) * number of TQ per bit interval
Nominal Bit Rate (bits/s) = /TBIT

This frequency (Fosc) refers to the effective
frequency used. If, for example, a 10 MHz external
signal is used along with a PLL, then the effective
frequency will be 4 x 10 MHz which equals 40 MHz.

CASE 1:

For Fosc = 16 MHz, BRP<5:0> = 00h and
Nominal Bit Time = 8 TQ:

TQ=(2* 1)/16 = 0.125 ps (125 ns)
TBIT=8%* 0.125 =1 us (10°%)
Nominal Bit Rate = 1/10°® = 10° bits/s (1 Mb/s)

CASE 2:

For Fosc = 20 MHz, BRP<5:0> = 01h and
Nominal Bit Time = 8 TQ:

TQ=(2* 2)/20=0.2 us (200 ns)

TBIT=8%0.2=1.6ps(L6* 10%)

Nominal Bit Rate=1/1.6* 108 = 625,000 bits/s
(625 Kbrs)

CASE 3:

For Fosc = 25 MHz, BRP<5:0> = 3Fh and
Nominal Bit Time = 25 TQ:

The frequencies of the oscillators in the different nodes
must be coordinated in order to provide a system wide
specified Nominal Bit Time. This means that all oscilla-
tors must have a Tosc that is an integral divisor of TQ.
It should also be noted that although the number of TQ

is programmable from 4 to 25, the usable minimum is
8 TQ. There is no assurance that a bit time of less than
8 Ta in length will operate correctly.

34.8.3 SYNCHRONIZATION SEGMENT

This part of the bit time is used to synchronize the
various CAN nodes on the bus. The edge of the input
signal is expected to occur during the sync segment.
The duration is 1 TQ.

34.8.4 PROPAGATION SEGMENT

This part of the bit time is used to compensate for phys-
ical delay times within the network. These delay times
consist of the signal propagation time on the bus line
and the internal delay time of the nodes. The length of
the propagation segment can be programmed from
1 Ta to 8 Ta by setting the PRSEG<2:0> bits.

34.8.5 PHASE BUFFER SEGMENTS

The phase buffer segments are used to optimally locate
the sampling point of the received bit within the Nominal
Bit Time. The sampling point occurs between Phase Seg-
ment 1 and Phase Segment 2. These segments can be
lengthened or shortened by the resynchronization pro-
cess. The end of Phase Segment 1 determines the sam-
pling point within a bit time. Phase Segment 1 is
programmable from 1 TQ to 8 TaQ in duration. Phase Seg-
ment 2 provides a delay before the next transmitted data
transition and is also programmable from 1 T to 8 TQ in
duration. However, due to IPT requirements, the actual
minimum length of Phase Segment 2 is 2 TQ, or it may be
defined to be equal to the greater of Phase Segment 1 or
the Information Processing Time (IPT). The sampling
point should be as late as possible or approximately 80%
of the bit time.

34.8.6 SAMPLE POINT

The sample point is the point of time at which the bus level
is read and the value of the received bit is determined.
The sampling point occurs at the end of Phase
Segment 1. If the bit timing is slow and contains many TQq,
it is possible to specify multiple sampling of the bus line at
the sample point. The value of the received bit is deter-
mined to be the value of the majority decision of three val-
ues. The three samples are taken at the sample point and
twice before, with a time of Ta/2 between each sample.
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34.15.3 DEDICATED CAN RECEIVE
BUFFER REGISTERS

This section shows the dedicated CAN Receive Buffer
registers with their associated control registers.

REGISTER 34-13: RXBOCON: RECEIVE BUFFER 0 CONTROL REGISTER

Mode 0 R/C-0 R/W-0 R/W-0 U-0 R-0 R/W-0 R-0 R-0
RXFUL | RxM1 | RXMO | — [RXRTRRO|RXBODBEN | JTOFF® | FILHITO
Mode 1.2 | R/C0 R/W-0 R-0 R-0 R-0 R-0 R-0 R-0
“ | RxruL™ | RxM1 | RTRRO | FILHITF4 | FILHIT3 | FILHIT2 | FILHIT1 [ FILHITO
bit 7 bit 0
Legend: C = Clearable bit
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 RXFUL: Receive Full Status bit(")

1 = Receive buffer contains a received message
0 = Receive buffer is open to receive a new message
bit 6,6-5 Mode 0:
RXM<1:0>: Receive Buffer Mode bit 1 (combines with RXMO to form RXM<1:0> bits, see bit 5)
11 = Receive all messages (including those with errors); filter criteria is ignored
10 = Receive only valid messages with extended identifier; EXIDEN in RXFnSIDL must be ‘1’
01 = Receive only valid messages with standard identifier; EXIDEN in RXFnSIDL must be ‘0’
00 = Receive all valid messages as per the EXIDEN bit in the RXFnSIDL register
Mode 1, 2:
RXM1: Receive Buffer Mode bit 1
1 = Receive all messages (including those with errors); acceptance filters are ignored
0 = Receive all valid messages as per acceptance filters
bit 5 Mode 0:
RXMO: Receive Buffer Mode bit 0 (combines with RXM1 to form RXM<1:0>bits, see bit 6)
Mode 1, 2:
RTRRO: Remote Transmission Request bit for Received Message (read-only)
1 = A remote transmission request is received
0 = A remote transmission request is not received
bit 4 Mode 0:
Unimplemented: Read as ‘0’
Mode 1, 2:
FILHIT<4:0>: Filter Hit bit 4
This bit combines with other bits to form filter acceptance bits<4:0>.
bit 3 Mode 0:
RXRTRRO: Remote Transmission Request bit for Received Message (read-only)
1 = A remote transmission request is received
0 = A remote transmission request is not received
Mode 1, 2:
FILHIT<4:0>: Filter Hit bit 3
This bit combines with other bits to form filter acceptance bits<4:0>.

Note 1: This bit is set by the CAN module upon receiving a message and must be cleared by software after the
buffer is read. As long as RXFUL is set, no new message will be loaded and the buffer will be considered
full. After clearing the RXFUL flag, the PIR5 bit, RXBOIF, can be cleared. If RXBOIF is cleared, but RXFUL
is not cleared, then RXBOIF is set again.

2: This bit allows the same filter jump table for both RXBOCON and RXB1CON.
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REGISTER 34-34: BnDLC: TX/RX BUFFER ‘n’ DATA LENGTH CODE REGISTERS IN RECEIVE MODE
[0 < n <5, TXnEN (BSEL<n>) = 0](")

u-0 R-x R-x R-x R-x R-x R-x R-x
— | RxRtTR | RB1T | RBO | DLC3 DLC2 DLC1 DLCO
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 Unimplemented: Read as ‘0’
bit 6 RXRTR: Receiver Remote Transmission Request bit

1 = This is a remote transmission request
0 = This is not a remote transmission request

bit 5 RB1: Reserved bit 1

Reserved by CAN Spec and read as ‘0.
bit 4 RBO: Reserved bit 0

Reserved by CAN Spec and read as ‘0’.
bit 3-0 DLC<3:0>: Data Length Code bits

1111 = Reserved

1110 = Reserved

1101 = Reserved

1100 = Reserved

1011 = Reserved

1010 = Reserved

1001 = Reserved

1000 = Data length = 8 bytes
0111 = Data length = 7 bytes
0110 = Data length = 6 bytes
0101 = Data length = 5 bytes
0100 = Data length = 4 bytes
0011 = Data length = 3 bytes
0010 = Data length = 2 bytes
0001 = Data length = 1 byte
0000 = Data length = 0 bytes

Note 1: These registers are available in Mode 1 and 2 only.
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FIGURE 37-4: ANALOG INPUT MODEL
VDD
Analog Sampling
o Input VT ~ 0.6V . Switch
. Rg '+ PIn Ric<1k ' SS Rss
l M- *
: . CcpN _L Q)] -
. @ " 5pF VT ~ O.GVCDI LEAKAGE CHoLD = 28 pF
= . I l Ref-
Legend: CHoLD = Sample/Hold Capacitance
CPIN = Input Capacitance
| LEAKAGE = Leakage current at the pin due to
various junctions 56786101
Ric = Interconnect Resistance Sampling Switch
Rss = Resistance of Sampling Switch (kQ)
SS = Sampling Switch
VT = Threshold Voltage
Note 1: Referto Table 45-4 (parameter D340 and D341).

FIGURE 37-5: ADC TRANSFER FUNCTION

Full-Scale Range
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FFEh
FFDh
FFCh
FFBh

ADC Output Code
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03h
02h
01h |
00h

——4 L——05LSB

> Analog Input Voltage

—> «— 1.5LSB
T T A
Zero-Scale
REF- Transition Full-Scale REF+
Transition — -
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REGISTER 37-9: ADPREL: ADC PRECHARGE TIME CONTROL REGISTER (LOW BYTE)

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
PRE<7:0>

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 7-0 PRE<7:0>: Precharge Time Select bits

See Table 37-4.

REGISTER 37-10: ADPREH: ADC PRECHARGE TIME CONTROL REGISTER (HIGH BYTE)

u-0 u-0 u-0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0 R/W-0/0
— — — PRE<12:8>
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’ = Bitis set ‘0’ = Bit is cleared
bit 7-5 Unimplemented: Read as ‘0’
bit 4-0 PRE<12:8>: Precharge Time Select bits

See Table 37-4.

Note: IfPRE is notequalto ‘0’, then ADACQ =b’ 00000000 means Acquisition time is 256 clocks of the selected
ADC clock.

TABLE 37-4: PRECHARGE TIME

ADPRE Precharge time
1 1111 1111 1111 8191 clocks of the selected ADC clock
1 1111 1111 1110 8190 clocks of the selected ADC clock
1 1111 1111 1101 8189 clocks of the selected ADC clock
0 0000 0000 0010 2 clocks of the selected ADC clock
0 0000 0000 0001 1 clock of the selected ADC clock
0 0000 0000 0000 Not included in the data conversion cycle
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REGISTER 40-2: HLVDCON1: LOW-VOLTAGE DETECT CONTROL REGISTER 1

u-0 u-0 uU-0 u-0 R/W-0/u R/W-0/u R/W-0/u R/W-0/u
— — — — SEL<3:0>
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 u = Bit is unchanged
bit 7-4 Unimplemented: Read as ‘0’
bit 3-0 SEL<3:0>: High/Low Voltage Detection Limit Selection bits
SEL<3:0> Typical Voltage
1111 Reserved
1110 4.65V
1101 4.35V
1100 4.20V
1011 4.00V
1010 3.75V
1001 3.60V
1000 3.35Vv
0111 3.15Vv
0110 2.90V
0101 2.75V
0100 2.60V
0011 2.50V
0010 2.25V
0001 210V
0000 1.90V

TABLE 40-2: SUMMARY OF REGISTERS ASSOCIATED WITH HIGH/LOW-VOLTAGE DETECT

MODULE
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ':::9;:;
HLVDCONO EN = ouT RDY = = INTH INTL 709
HLVDCON1 - - - — SEL<3:0> 710
Legend: — = unimplemented, read as ‘0’. Shaded cells are unused by the HLVD module.
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28-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
\000000n0Annnn
E
E1
‘ ; [ | At : .
i ;
1 J
L1 f=— L
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A - - 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff A1 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 9.90 10.20 10.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle [} 0° 4° 8°
Lead Width b 0.22 - 0.38
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-073B
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