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Note: This family reference manual section is meant to serve as a complement to device
data sheets. Depending on the device variant, this manual section may not apply to
all PIC32 devices.

Please consult the note at the beginning of the “Controller Area Network with
Flexible Data-rate (CAN FD)” chapter in the current device data sheet to
determine whether this document supports the device you are using.

Device data sheets and family reference manual sections are available for
download from the Microchip Web site at: http://www.microchip.com

56.1 INTRODUCTION
CAN Flexible Data-Rate (FD) addresses the increasing demand for bandwidth on CAN buses.
The two enhancements over CAN 2.0B are consists of the following:

* Increased data field up to 64 data bytes (currently 8 bytes)
» Option to switch to faster bit rate after the arbitration field

Figure 56-1 shows the possible increase in net bit rate due to higher Data Bit Rate (DBR) and
increased data bytes per frame (© Robert Bosch GmbH).

Figure 56-1: Net CAN FD Bit Rate
Frame ID: 11-Bit, Bit Rate Arbitration: 1 Mbit
6
—t4 bytes payload
5 —48 bytes payload

——32 bytes payload
16 bytes payload
4 —8 bytes payload

Net Bit Rate {Mbit/s)
(48]

2
1 //__
0
0 1 2 3 4 5 6 7 8 9

Bit Rate Data Phase {Mbit/s)

The CAN FD protocol is defined to allow CAN 2.0 and CAN FD messages to co-exist on the
same bus. This does not imply that non CAN FD controllers can be mixed with CAN FD control-
lers on the same bus. Non CAN FD controllers will generate error frames while receiving a CAN
FD message.
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Section 56.

Controller Area Network with Flexible Data-rate (CAN FD)

56.1.1 Features

The CAN FD module has the following features:
General

» Nominal (Arbitration) Bit Rate up to 1 Mbps
« Data Bit Rate up to 8 Mbps
* CAN FD Controller modes:
- Mixed CAN 2.0B and CAN FD mode
- CAN 2.0B mode
» Conforms to ISO11898-1:2015

Message FIFOs

» 31 FIFOs Configurable as transmit or receive FIFOs
* One Transmit Queue (TXQ)
* Transmit Event FIFO (TEF) with 32-bit Timestamp

Message Transmission

* Message Transmission Prioritization is based on any one or both of these:
- Based on priority bit field
- Message with lowest ID gets transmitted first using the TXQ
* Programmable Automatic Retransmission Attempts: Unlimited, 3 Attempts or Disabled

Message Reception

» 32 Flexible Filter and Mask Objects

» Each Object can be Configured to Filter using any of these:
- Standard ID and first 18 data bits
- Extended ID

» 32-Bit Timestamp

» The CAN FD Bit Stream Processor (BSP) implements the Medium Access Control of the
CAN FD protocol as described in 1ISO11898-1:2015. It serializes and deserializes the bit
stream, encodes and decodes the CAN FD frames, manages the medium access,
Acknowledges frames, and detects and signals errors.

» The TX handler prioritizes the messages that are requested for transmission by the
transmit FIFOs. It uses the RAM interface to fetch the transmit data from RAM and provides
it to the BSP for transmission.

» The BSP provides received messages to the RX handler. The RX handler uses an
acceptance filter to filter the messages that will be stored in the receive FIFOs. It uses the
RAM interface to store received data into RAM.

» Each FIFO can be configured either as a transmit or receive FIFO. The FIFO control keeps
track of the FIFO head and tail, and calculates the user address. In a TX FIFO, the user
address points to the address in RAM where the data for the next transmit message is
stored. In an RX FIFO, the user address points to the address in RAM where the data of the
next receive message will be read. The user notifies the FIFO that a message is written to
or read from RAM by incrementing the head or tail of the FIFO.

« The TXQ is a special transmit FIFO that transmits the messages based on the ID of the
messages stored in the queue.

* The TEF stores the message IDs of the transmitted messages.

» Afree-running Time Base Counter (TBC) is used to timestamp received messages.
Messages in the TEF can also be timestamped.

» The CAN FD controller module generates interrupts when new messages are received or
when messages are transmitted successfully.
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Figure 56-2 shows the System Block Diagram.

Figure 56-2: System Block Diagram
CxTX TX Handler Timestamping
TX Prioritization
Interrupt Control
CxRX RX Handler
Filter and Masks Error Handling Diagnostics
Device RAM
TEF ™>XQ FIFO 1 FIFO 31
Message Message Message Message
Object 0 Object 0 Object 0 Object 0
L] L] L] L]
Message Message Message Message
Object 31 Object 31 Object 31 Object 31
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

56.2 CAN FD MESSAGE FRAMES

The 1SO11898-1:2015 describes the different CAN message frames in detail. Figure 56-3
through Figure 56-8 explain and summarize the construction of the messages and fields.

The following are four different CAN data or remote frames (see Figure 56-4):

» CAN Base Frame: Classic CAN 2.0 frame using Standard ID

* CAN FD Base Frame: CAN FD frame using Standard ID

» CAN Extended Frame: Classic CAN 2.0 frame using Extended ID

+ CAN FD Extended Frame: CAN FD frame using Extended ID

There are no remote frames in CAN FD frames; therefore, the RTR bit is replaced with the RRS

bit (see Figure 56-4). The RRS bit in the CAN FD base frame can be used to extend the SID to
12 bits. When enabled, it is referred to as SID11, it is the LSB of SID<11:0>.

Figure 56-5 specifies the control field of the different CAN messages. Before CAN FD was
added to the 1ISO11898-1:2015, the FDF bit was a reserved bit. Now the FDF bit selects
between Classic and CAN FD formats.

The BRS bit selects, if the bit rate should be switched in the data phase of CAN FD frames.
Figure 56-8 illustrates the error and overload frames. These special frames do not change.

Note: If an error is detected during the data phase of a CAN FD frame, the bit rate will be
switched back to the Nominal Bit Rate (NBR). Error frames are always transmitted
at the arbitration bit rate.

56.2.1 ISO vs. NON-ISO CRC

To support the system validation of non-ISO CRC ECUs, the CAN FD controller module sup-
ports both ISO CRC (according to 1ISO11898-1:2015) and non-ISO CRC (see Figure 56-6 and
Figure 56-7). The CRC field is selectable using the ISOCRCEN bit (CFDxCON<5>). The ISO
CRC field contains the stuff count. This count was not included in the original CAN FD specifica-
tion; It was added to fix a minor issue in the error detection of the original specification.

CAN FD frames use two different lengths of CRC: 17-bit for up to 16 data bytes and 21-bit for
20 or more data bytes. Technically, there are a total of six different CAN data/remove frames in
the CAN FD.

Figure 56-3: General Data Frame
DATA FRAME
IFS SOF DATA CRC (16/18/22b) IFS
(=3b) | (1b) ARBITRATION (12/32b) | CTRL (6/8/9b) (0t064b) | ORG (16/22/26b) ACK (2b)|EOF (7b) (= 3b)
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Figure 56-4: Arbitration Field

ARBITRATION (12/32b)
CAN Base SID<10:0> RTR
CAN FD Base SID<10:0> KBS
CAN Ext. EID<28:18> SRR | IDE EID<17:0> RTR
CAN FD Ext. EID<28:18> SRR | IDE EID<17:0> RRS

Figure 56-5: Control Field

CTRL (6/8/9b)
CAN Base | IDE | FDF DLC<3:0>
CANFD Base | IDE | FDF | BRS | ESI DLC<3:0>
CANExt. | FDF | 10 DLC<3:0>
CANFD Ext. | FDF | res | BRS | ESI DLC<3:0>
Figure 56-6: ISO CRC Field
CRC (16/22/26b)
CAN Base CRC (15b) GRC
CAN FD Base CS,\ITTU('Z';) CRC (17/21b)| SRC
CAN Ext. CRC (15b) CRC
CAN FD Ext. CS,\ITTU('Z';) BRS CRC
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

Figure 56-7: NON-ISO CRC Field
CRC (16/18/22b)
CAN Base CRC (15b) SRC
CAN FD Base CRC (17/21b) eRC
CAN Ext. CRC (15b) GRC
CAN FD Ext. CRC (17/21b) SRC
Figure 56-8: Error and Overload Frame
ERROR
ANYWHERE WITHIN DATA FRAME | ERRFLAG (6b) | ERRDEL (8b) | IFS (= 3b)or OVL
OVERLOAD
EOF or ERRDEL or OVLDEL OVLFLAG (6b) | OVLDEL (8b) | IFS (= 3b)or OVL

56.2.1.1

DLC ENCODING

The Data Length Code (DLC) specifies the number of data bytes a message frame contains.
Table 56-1 provides the encoding details.

Table 56-1: DLC Encoding
Frame DLC Number of Data Bytes

CAN 2.0 and CAN FD 0 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8

CAN 2.0 9-15 8

© 2018 Microchip Technology Inc.
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Table 56-1: DLC Encoding (Continued)
Frame DLC Number of Data Bytes
CAN FD 9 12
10 16
11 20
12 24
13 32
14 48
15 64
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

56.3 CONTROL REGISTERS
The PIC32 CAN FD module has the following Special Function Registers (SFRs):

CFDxcon: can control register (‘x’ = 1-4)

This register controls the basic operation of the respective CAN-FD modules, including delay
between consecutive transmissions, operation mode, signaling abort transmission to all
transmit buffers of the respective module, define number of retransmission attempts, operation
in Idle mode, configure wake up filter, select clock source, and enable OR disable the module.

CFDxnbtcfg: nominal bit time configuration register (‘x’ = 1-4)

This register configures the nominal bit timing (arbitration phase) of the respective CAN-FD
module.

CFDxdbtcfg: data bit time configuration register (‘x’ = 1-4)

This register configures the data bit time (data phase) of the respective CAN-FD module.
CFDxtdc: transmitter delay compensation register (‘x’ = 1-4)

This register enables compensation for transmitter delay.

CFDxtbc: can time base counter register (‘x’ = 1-4)

This register holds the 32 bit count of the time stamp timer.
CFDxtscon: can time stamp control register (‘x’ = 1-4)

This register controls the operation of the time stamp timer.

CFDxvec: interrupt code register (‘x’ = 1-4)

This register identifies the pending interrupt sources of the CAN module.
CFDxint: interrupt register (‘x’ = 1-4)

This register allows enabling/disabling of interrupts within the CAN-FD module.
CFDxrxif: receive interrupt status register (‘x’ = 1-4)

This register identifies the pending receive FIFO interrupts.
CFDxrxovif: receive overflow interrupt status register (‘x’ = 1-4)
This register identifies the pending receive FIFO overflow interrupts.
CFDxtxif: transmit interrupt status register (‘x’ = 1-4)

This register identifies the pending transmit FIFO interrupts.
CFDxtxatif: transmit attempt interrupt status register (‘x’ = 1-4)
This register identifies the pending transmit FIFO attempt interrupts.
CFDxtxreq: transmit request register (‘x’ = 1-4)

This register allows queuing of transmissions for each transmit FIFO.
CFDxfifoba: message memory base address register (‘x’ = 1-4)
This register defines the base address of the Transmit Event FIFO.
CFDxtxqgcon: transmit queue control register (‘x’ = 1-4)

This register configures and controls transmit queue.

CFDxtxgsta: transmit queue status register (‘x’ = 1-4)

This register reflects the transmit queue status.

CFDxfifoconn: fifo control register (‘x’ = 1-4; ‘n’ = 1-31)

This register configures and controls the FIFO.

CFDxfifostan: fifo status register (‘x’ = 1-4; ‘n’ = 1-31)

This register reflects the FIFO status.

CFDxtefcon: transmit event fifo control register (‘x’ = 1-4)

This register configures and controls Transmit Event FIFO.
CFDxtefsta: transmit event fifo status register (‘x’ = 1-4)

This register reflects the transmit event FIFO status.

CFDxfifouan: definition register (‘x’ = 1-4; ‘n’ = 1-31)

This register allows defining of each FIFO as transmit or receive buffer.
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» CFDxtefua: transmit event fifo user address register (‘x’ = 1-4)
This register provides the address from where the next event is to be read.
« CFDxtxqua: transmit queue user address register (‘x’ = 1-4)
This register provides the address of the next message in the transmit queue.
* CFDxtrec: transmit/receive error count register (‘x’ = 1-4)
This register provides transmit and receive error counts.
» CFDxbdiag0: bus diagnostics register 0 (‘x’ = 1-4)
This register keeps track of bus transmit and receive errors during nominal and data bit rate
phases, separately.
» CFDxbdiag1: bus diagnostics register 1 (‘x’ = 1-4)
This register counts the number of error free messages on the bus. Every read of this register
clears its count. The register also identifies the types of errors that occurred since the last

register read.
» CFDxfltconO: filter control register (‘x’ = 1-4)

This register enables or disables the message filter 0-3. This register also points to the FIFO
where the message is stored upon filter match for message filter 0-3.

» CFDxfltcon1: filter control register (‘x’ = 1-4)

This register enables or disables message filter 4-7. This register also points to the FIFO
where the message is stored upon filter match for message filter 4-7.

» CFDxfltcon2: filter control register (‘x’ = 1-4)

This register enables or disables message filter 8-11. This register also points to the FIFO
where the message is stored upon filter match for message filter 8-11.

» CFDxfltcon3: filter control register (‘x’ = 1-4)

This register enables or disables message filter 12-15. This register also points to the FIFO
where the message is stored upon filter match for message filter 12-15.

» CFDxfltcon4: filter control register (‘x’ = 1-4)

This register enables or disables message filter 16-19. This register also points to the FIFO
where the message is stored upon filter match for message filter 16-19.

» CFDxfltcon5: filter control register (‘x’ = 1-4)

This register enables or disables message filter 20-23. This register also points to the FIFO
where the message is stored upon filter match for message filter 20-23.

» CFDxfltconé6: filter control register (‘x’ = 1-4)
This register enables or disables message filter 24-27. This register also points to the FIFO

where the message is stored upon filter match for message filter 24-27.
» CFDxfltcon7: filter control register (‘x’ = 1-4)

This register enables or disables message filter 28-31. This register also points to the FIFO
where the message is stored upon filter match for message filter 28-31.

» CFDxfltobjn: filter object register (‘x’ = 1-4; ‘n’ = 0-31)
This register sets the filter object of the message filter.

+ CFDxmaskn: mask register (‘x’ = 1-4; ‘n’ = 0-31)
This register sets the mask object of the message filter.
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TABLE 56-2:

CAN FD PERIPHERAL REGISTER SUMMARY

> -
g o Bits
z 2
- ©
% ‘f 31115 30/14 29/13 28/12 27111 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 1711 16/0
> (]
14
CFD1CON 31:16 TXBWS<3:0> ABAT REQOP<2:0> OPMOD<2:0> TXQEN STEF SERR2LOM ESIGM RTXAT
15:0 ON — SIDL BRSDIS BUSY WFT<1:0> WAKFIL | CLKSELO | PXEDIS |ISOCRCEN DNCNT<4:0>
CFDINBTCEG 31:16 BRP<7:0> TSEG1<7:0>
15:0 — TSEG2<6:0> — SJW<6:0>
CFDIDBTCFG |16 BRP<7:0> = = = TSEG2<4:0>
15:0 — — — — TSEG2<3:0> — — — — SJW<3:0>
CFDATDC 31:16 — — — — — — EDGFLTEN | SID11EN — — — — — — TDCMOD<1:0>
15:0 — TDCO<6:0> — — TDCV<5:0>
31:16 TBC<31:16>
CFD1TBC
15:0 TBC<15:0>
31:16 — — — — — — — — — — — — — TSRES TSEOF TBCEN
CFD1TSCON
15:0 — — — — — — TBCPRE<9:0>
CFDAVEG 31:16 — RXCODE<6:0> — TXCODE<6:0>
15:0 — — — FILHIT<4:0> — ICODE<6:0>
CFD1INT 31:16 IVMIE WAKIE CERRIE SERRIE RXOVIE TXATIE — — — — — TEFIE MODIE TBCIE RXIE TXIE
15:0 IVMIF WAKIF CERRIF SERRIF RXOVIF TXATIF — — — — — TEFIF MODIF TBCIF RXIF TXIF
31:16 RFIF<31:16>
CFD1RXIF
15:0 RFIF<15:1> —
31:16 TFIF<31:16>
CFD1TXIF
15:0 TFIF<15:0>
31:16 RFOVIF<31:16>
CFD1RXOVIF
15:0 RFOVIF<15:1> —
31:16 TFATIF<31:16>
CFD1TXATIF
15:0 TFATIF<15:0>
CFDITXREQ 31:16 TXREQ<31:16>
15:0 TXREQ<15:0>
31:16 — — — — — — — — — — TXBO TXBP RXBP TXWARN RXWARN | EWARN
CFD1TREC
15:0 TERRCNT<7:0> RERRCNT<7:0>
31:16 DTERRCNT<7:0> DRERRCNT<7:0>
CFD1BDIAGO
15:0 NTERRCNT<7:0> NRERRCNT<7:0>
CFDBDIAGH 31:16 | DLCMM ESI DCRCERR | DSTUFERR | DFORMERR — DBIT1ERR | DBITOERR — — NCRCERR | NSTUFERR | NFORMERR | NACKERR | NBIT1ERR | NBITOERR
15:0 EFMSGCNT<15:0>
31:16 — — — FSIZE<4:0> — — — — — — — —
CFD1TEFCON
15:0 — — — — — FRESET — UINC — — TEFTSEN — TEFOVIE TEFFIE TEFHIE TEFNEIE
31:16 — — — — — — — — — — — — — — — —
CFD1TEFSTA
15:0 = = = = = = = = = = = — TEFOVIF TEFFIF TEFHIF TEFNEIF
31:16 TEFUA<31:16>
CFD1TEFUA
15:0 TEFUA<15:0>
CFDIFIFOBA 31:16 FIFOBA<31:16>
15:0 FIFOBA<15:0>
31:16 PLSIZE<2:0> FSIZE<4:0> — TXAT<1:0> TXPRI<4:0>
CFD1TXQCON
15:0 — — — — — FRESET | TXREQ [ UINC TXEN — — TXATIE — | TXQEE | — ] TXQNIE
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: The lower order byte of the 32-bit register resides at the low-order address.
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TABLE 56-2: CAN FD PERIPHERAL REGISTER SUMMARY (CONTINUED)
g Bits
S )
=z c
= I
2 x 31/15 30/14 29/13 28/12 2711 26/10 25/9 24/8 2317 22/6 21/5 20/4 19/3 18/2 171 16/0
3 =
['2
3716 — — — — — — — — — — — — — — — —
CFD1TXQSTA
15:0 — — — TXQCl<4:0> TXABT TXLARB TXERR TXATIF — TXQEIF — TXQNIF
CFDTXQUA 31:16 TXQUA<31:16>
15:0 TXQUA<15:0>
CFD1FIFOCONn | 31:16 PLSIZE<2:0> FSIZE<4.0> — TXAT<1:0> TXPRI<4:0>
(n'=1) 15:0 — — — — — FRESET TXREQ UINC TXEN RTREN RXTSEN TXATIE RXOVIE TFERFFIE | TFHRFHIE | TENRFNIE
CFD1FIFOSTAn | 31:16 — — — - - - — — — — — — — — - —
(n'=1) 15:0 — — — FIFOCI<4:0> TXABT TXLARB TXERR TXATIF RXOVIF TFERFFIF | TFHRFHIF | TFNRFNIF
CFD1FIFOUAn | 31:16 FIFOUA<31:16>
(n'=1) 15:0 FIFOUA<15:0>
CFD1FIFOCONn | 31:16 PLSIZE<2:0> FSIZE<4.0> — TXAT<1:0> TXPRI<4:0>
(n'=2-31) 15:0 — — — — — FRESET TXREQ UINC TXEN RTREN RXTSEN TXATIE RXOVIE TFERFFIE | TFHRFHIE | TENRFNIE
CFD1FIFOSTAn | 31:16 — — — - - - — — — — — — — — - —
(n'=2to 31 15:0 — — — FIFOCI<4:0> TXABT TXLARB TXERR TXATIF RXOVIF TFERFFIF | TFHRFHIF | TFNRFNIF
CFD1FIFOUAN 31:16 FIFOUA<31:16>
(n'=2to31) 15:0 FIFOUA<15:0>
CED1FLTCONO 31:16 | FLTEN3 — — F3BP<4:0> FLTEN2 — — F2BP<4:0>
15:.0 | FLTEN1 — — F1BP<4:0> FLTENO — — FOBP<4:0>
CED1FLTCONA 31:16 | FLTEN7 — — F7BP<4:0> FLTEN6 — — F6BP<4:0>
15:.0 | FLTEN5 — — F5BP<4:0> FLTEN4 — — F4BP<4:0>
CED1FLTCON2 31:16 | FLTEN11 — — F11BP<4:0> FLTEN10 — — F10BP<4:0>
15:.0 | FLTEN9 — — F9BP<4:0> FLTENS — — F8BP<4:0>
CED1FLTCON3 31:16 | FLTEN15 — — F15BP<4:0> FLTEN14 — — F14BP<4:0>
15:0 | FLTEN13 — — F13BP<4:0> FLTEN12 — — F12BP<4:0>
CED1FLTCON4 31:16 | FLTEN19 — — F19BP<4:0> FLTEN18 — — F18BP<4:0>
15:0 | FLTEN17 — — F17BP<4:0> FLTEN16 — — F16BP<4:0>
CED1FLTCONS 31:16 | FLTEN23 — — F23BP<4:0> FLTEN22 — — F22BP<4:0>
15:0 | FLTEN21 — — F21BP<4:0> FLTEN20 — — F20BP<4:0>
CED1FLTCONG 31:16 | FLTEN27 — — F28BP<4:0> FLTEN26 — — F26BP<4:0>
15:0 | FLTEN25 — — F25BP<4:0> FLTEN24 — — F30BP<4:0>
: — — <4:0> — — <4:0>
CED1FLTCON? 31:16 | FLTEN31 F31BP<4:0 FLTEN30 F26BP<4:0:
15:0 | FLTEN29 — — F29BP<4:0> FLTEN28 — — F28BP<4:0>
CFD1FLTOBJN 31:16 — EXIDE SID11 EID<17:5>
(n'=0) 15:0 EID<4:0> [ SID<10:0>
CFD1MASKn 31:16 — | MDE [ msiD11 ] MEID<17:5>
(n'=0) 15:0 MEID<4:0> [ MSID<10:0>
CFD1FLTOBJn | 31:16 — | EXDE [ sib11 ] EID<17:5>
(n'=1to31) 15:0 EID<4:0> [ SID<10:0>
CFD1MASKn 31:16 — | MDE [ msiD11 ] MEID<17:5>
(n'=1to31) 15:0 MEID<4:0> MSID<10:0>
CED2CON 31:16 TXBWS<3:0> ABAT REQOP<2:0> OPMOD<2:0> TXQEN | STEF SERR2LOM | ESIGM RTXAT
15:0 ON | — [ sibL | BRsDIS BUSY WFT<1:0> | WAKFIL | CLKSELO | PXEDIS [ISOCRCEN DNCNT<4:0>
CED2NBTCEG 31:16 BRP<7:0> TSEG1<7:0>
15:0 — ] TSEG2<6:0> — | SJW<6:0>
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: The lower order byte of the 32-bit register resides at the low-order address.
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TABLE 56-2:

CAN FD PERIPHERAL REGISTER SUMMARY (CONTINUED)

[ Bits
§ )
z <
= @
% f 31115 30/14 29/13 28/12 27111 26/10 25/9 24/8 2317 22/6 21/5 20/4 19/3 18/2 1711 16/0
.g =
o
CFD2DBTCFG 31:16 BRP<7:0> — — — TSEG2<4:.0>
15:0 — — — — TSEG2<3:0> — — — — SJW<3:0>
CFD2TDC 31:16 — — — — — — EDGFLTEN | SID11EN — — — — — — TDCMOD<1:0>
15:0 — TDCO<6:0> — — TDCV<5:0>
CFD2TBC 31:16 TBC<31:16>
15:0 TBC<15:0>
CFD2TSCON 31:16 — — — — — — — — — — — — — TSRES TSEOF TBCEN
15:0 — — — — — — TBCPRE<9:0>
CFD2VEC 31:16 — RXCODE<6:0> — TXCODE<6:0>
15:0 — — — FILHIT<4:0> — ICODE<6:0>
CFD2INT 31:16 IVMIE WAKIE CERRIE SERRIE RXOVIE TXATIE — — — — — TEFIE MODIE TBCIE RXIE TXIE
15:0 IVMIF WAKIF CERRIF SERRIF RXOVIF TXATIF — — — — — TEFIF MODIF TBCIF RXIF TXIF
CFD2RXIF 31:16 RFIF<31:16>
15:0 RFIF<15:1> —
CFD2TXIF 31:16 TFIF<31:16>
15:0 TFIF<15:0>
CFD2RXOVIF 31:16 RFOVIF<31:16>
15:0 RFOVIF<15:1> —
CFD2TXATIF 31:16 TFATIF<31:16>
15:0 TFATIF<15:0>
CFD2TXREQ 31:16 TXREQ<31:16>
15:0 TXREQ<15:0>
CFD2TREC 31:16 — — — — — — — — — — TXBO TXBP RXBP TXWARN RXWARN EWARN
15:0 TERRCNT<7:0> RERRCNT<7:0>
CFD2BDIAGO 31:16 DTERRCNT<7:0> DRERRCNT<7:0>
15:0 NTERRCNT<7:0> NRERRCNT<7:0>
CFD2BDIAGH 31:16 | DLCMM ESI DCRCERR | DSTUFERR | DFORMERR — DBIT1ERR | DBITOERR — — NCRCERR | NSTUFERR | NFORMERR | NACKERR | NBIT1ERR | NBITOERR
15:0 EFMSGCNT<15:0>
CFD2TEFCON 31:16 — — — FSIZE<4:0> — — — — — — — —
15:0 — — — — — FRESET — UINC — — TEFTSEN — TEFOVIE TEFFIE TEFHIE TEFNEIE
CFD2TEFSTA 31:16 = = = = = = = = = = = = — — — —
15:0 — — — — — — — — — — — — TEFOVIF TEFFIF TEFHIF | TEFNEIF
CFD2TEFUA 31:16 TEFUA<31:16>
15:0 TEFUA<15:0>
CFD2FIFOBA 31:16 FIFOBA<31:16>
15:0 FIFOBA<15:0>
CFD2TXQCON 31:16 PLSIZE<2:0> FSIZE<4:0> — TXAT<1:0> TXPRI<4:0>
15:0 — — — — — FRESET TXREQ UINC TXEN — — TXATIE — TXQEIE — TXQNIE
CFD2TXQSTA |16 = = = — — — — — — — — — = — = —
15:0 — — — TXQClI<4:0> TXABT TXLARB TXERR TXATIF — TXQEIF — TXQNIF
CFD2TXQUA 31:16 TXQUA<31:16>
15:0 TXQUA<15:0>
CFD2FIFOCONn | 31:16 PLSIZE<2:0> FSIZE<4:0> — TXAT<1:0> TXPRI<4:0>
(n'=1) 15:0 — — — — — FRESET TXREQ | UINC TXEN RTREN RXTSEN TXATIE RXOVIE TFERFFIE | TFHRFHIE | TFNRFNIE
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: The lower order byte of the 32-bit register resides at the low-order address.
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TABLE 56-2: CAN FD PERIPHERAL REGISTER SUMMARY (CONTINUED)
g Bits
S )
=z c
= I
2 x 31/15 30/14 29/13 28/12 2711 26/10 25/9 24/8 2317 22/6 21/5 20/4 19/3 18/2 171 16/0
3 =
['2
CFD2FIFOSTAn | 3116 — — — — — — — — — — — — — — — —
(n'=2to 31 15:0 — — — FIFOCI<4:0> TXABT TXLARB TXERR TXATIF RXOVIF TFERFFIF | TFHRFHIF | TFNRFNIF
CFD2FIFOUAn | 31:16 FIFOUA<31:16>
(n"=1) 15:0 FIFOUA<15:0>
CFD2FIFOCONn | 31:16 PLSIZE<2:0> FSIZE<4.0> — TXAT<1:0> TXPRI<4:0>
(n'=2-31) 15:0 — — — — — FRESET TXREQ UINC TXEN RTREN RXTSEN TXATIE RXOVIE TFERFFIE | TFHRFHIE | TENRFNIE
CFD2FIFOSTAn | 31:16 — — — - - - — — — — — — — — - —
(n'=1) 15:0 — — — FIFOCI<4:0> TXABT TXLARB TXERR TXATIF RXOVIF TFERFFIF | TFHRFHIF | TFNRFNIF
CFD2FIFOUAN 31:16 FIFOUA<31:16>
(n'=2to31) 15:0 FIFOUA<15:0>
CED2FLTCONO 31:16 | FLTEN3 — — F3BP<4:0> FLTEN2 — — F2BP<4:0>
15:.0 | FLTEN1 — — F1BP<4:0> FLTENO — — FOBP<4:0>
CED2FLTCONA 31:16 | FLTEN7 — — F7BP<4:0> FLTEN6 — — F6BP<4:0>
15:.0 | FLTEN5 — — F5BP<4:0> FLTEN4 — — F4BP<4:0>
CED2FLTCON2 31:16 | FLTEN11 — — F11BP<4:0> FLTEN10 — — F10BP<4:0>
15:.0 | FLTEN9 — — F9BP<4:0> FLTENS — — F8BP<4:0>
CED2FLTCON3 31:16 | FLTEN15 — — F15BP<4:0> FLTEN14 — — F14BP<4:0>
15:0 | FLTEN13 — — F13BP<4:0> FLTEN12 — — F12BP<4:0>
: — — <4:0> — — <4:0>
CED2FLTCONA 31:16 | FLTEN19 F19BP<4:0 FLTEN18 F18BP<4:0:
15:0 | FLTEN17 — — F17BP<4:0> FLTEN16 — — F16BP<4:0>
CED2FLTCONS 31:16 | FLTEN23 — — F23BP<4:0> FLTEN22 — — F22BP<4:0>
15:0 | FLTEN21 — — F21BP<4:0> FLTEN20 — — F20BP<4:0>
CED2FLTCONG 31:16 | FLTEN27 — — F28BP<4:0> FLTEN26 — — F26BP<4:0>
15:0 | FLTEN25 — — F25BP<4:0> FLTEN24 — — F30BP<4:0>
CED2FLTCON? 31:16 | FLTEN31 — — F31BP<4:0> FLTEN30 — — F26BP<4:0>
15:0 | FLTEN29 — — F29BP<4:0> FLTEN28 — — F28BP<4:0>
CFD2FLTOBJN 31:16 — EXIDE SID11 EID<17:5>
(n'=0) 15:0 EID<4:0> [ SID<10:0>
CFD2MASKn 31:16 — | MDE [ msiD11 ] MEID<17:5>
(n'=0) 15:0 MEID<4:0> [ MSID<10:0>
CFD2FLTOBJn | 31:16 — | EXDE [ sib11 ] EID<17:5>
(n'=1to31) 15:0 EID<4:0> [ SID<10:0>
CFD2MASKn 31:16 — | MDE [ msiD11 ] MEID<17:5>
(n'=1to31) 15:0 MEID<4:0> MSID<10:0>
CED3CON 31:16 TXBWS<3:0> ABAT REQOP<2:0> OPMOD<2:0> TXQEN STEF SERR2LOM | ESIGM RTXAT
15:0 ON | — [ sibL | BRsDIS BUSY WFT<1:0> | WAKFIL | CLKSELO | PXEDIS [ISOCRCEN DNCNT<4:0>
CED3NBTCEG 31:16 BRP<7:0> TSEG1<7:0>
15:0 — | TSEG2<6:0> — SJW<6:0>
CED3DBTCEG 31:16 BRP<7:0> — — — TSEG2<4:0>
15:0 — — — — TSEG2<3:0> — — — — SJW<3:0>
CED3TDC 31:16 — — — — — — EDGFLTEN | SID11EN — — — — — — TDCMOD<1:0>
15:0 — TDCO<6:0> — — TDCV<5:0>
31:16 TBC<31:16>
FD3TB
CFD3TBC 15:0 TBC<15:0>
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: The lower order byte of the 32-bit register resides at the low-order address.
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TABLE 56-2:

CAN FD PERIPHERAL REGISTER SUMMARY (CONTINUED)

[ Bits
£ o
z 2
= @
% f 31/15 30/14 29/13 28/12 2711 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 171 16/0
.@ =
o
31:16 — — — — — — — — — — — — — TSRES TSEOF TBCEN
FD3T! N
CFD3TSCO 15:0 — — — — — — TBCPRE<9:0>
CFD3VEC 31:16 — RXCODE<6:0> — TXCODE<6:0>
15:0 — — — FILHIT<4:0> — ICODE<6:0>
CFD3INT 31:16 IVMIE WAKIE CERRIE SERRIE RXOVIE TXATIE = = = = = TEFIE MODIE TBCIE RXIE TXIE
15:0 IVMIF WAKIF CERRIF SERRIF RXOVIF TXATIF — — — — — TEFIF MODIF TBCIF RXIF TXIF
CFD3RXIF 31:16 RFIF<31:16>
15:0 RFIF<15:1> —
CFD3TXIF 31:16 TFIF<31:16>
15:0 TFIF<15:0>
CFD3RXOVIF 31:16 RFOVIF<31:16>
15:0 RFOVIF<15:1> —
CFD3TXATIF 31:16 TFATIF<31:16>
15:0 TFATIF<15:0>
CFD3TXREQ 31:16 TXREQ<31:16>
15:0 TXREQ<15:0>
CFD3TREC 31:16 = = = = = = = = = = TXBO TXBP RXBP TXWARN RXWARN EWARN
15:0 TERRCNT<7:0> RERRCNT<7:0>
CFD3BDIAGO 31:16 DTERRCNT<7:0> DRERRCNT<7:0>
15:0 NTERRCNT<7:0> NRERRCNT<7:0>
CFD3BDIAGH 31:16 | DLCMM ESI DCRCERR | DSTUFERR | DFORMERR = DBIT1ERR | DBITOERR = = NCRCERR | NSTUFERR | NFORMERR | NACKERR | NBIT1ERR | NBITOERR
15:0 EFMSGCNT<15:0>
CFD3TEFCON 31:16 = = = FSIZE<4:0> = = = = = = = =
15:0 — — — — — FRESET — UINC — — TEFTSEN — TEFOVIE TEFFIE TEFHIE TEFNEIE
CFD3TEFSTA 31:16 = = = = = = = = = = = = — — — —
15:0 — — — — — — — — — — — — TEFOVIF TEFFIF TEFHIF | TEFNEIF
CFD3TEFUA 31:16 TEFUA<31:16>
15:0 TEFUA<15:0>
CFD3FIFOBA 31:16 FIFOBA<31:16>
15:0 FIFOBA<15:0>
cFDaTXQCON | 2116 PLSIZE<2:0> FSIZE<4:0> — TXAT<1:0> TXPRI<4:0>
15:0 — — — — — FRESET TXREQ UINC TXEN — — TXATIE — TXQEIE — TXQNIE
CFD3TXQSTA |16 = = = — — — — — — — — — = — = —
15:0 — — — TXQCI<4:0> TXABT TXLARB TXERR TXATIF — TXQEIF — TXQNIF
31:16 TXQUA<31:16>
FD3TXQUA
CFD3TXQU 15:0 TXQUA<15:0>
CFD3FIFOCONn | 31:16 PLSIZE<2:0> FSIZE<4:0> — TXAT<1:0> TXPRI<4:0>
(n'=1) 15:0 — — — — — FRESET TXREQ UINC TXEN RTREN RXTSEN TXATIE RXOVIE TFERFFIE | TFHRFHIE | TFNRFNIE
CFD3FIFOSTAn | 31:16 — — — — — — — - — — - — - - — -
(n'=1) 15:0 — — — FIFOCI<4:0> TXABT TXLARB TXERR TXATIF RXOVIF TFERFFIF | TFHRFHIF | TENRFNIF
CFD3FIFOUAN 31:16 FIFOUA<31:16>
(n'=1) 15:0 FIFOUA<15:0>
CFD3FIFOCONn | 31:16 PLSIZE<2:0> FSIZE<4:0> — TXAT<1:0> TXPRI<4:0>
(n'=2-31) 15:0 — — — — — FRESET TXREQ UINC TXEN RTREN RXTSEN TXATIE RXOVIE TFERFFIE | TFHRFHIE | TFNRFNIE
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: The lower order byte of the 32-bit register resides at the low-order address.
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TABLE 56-2: CAN FD PERIPHERAL REGISTER SUMMARY (CONTINUED)
g Bits
© Q
z 2
= I
2 x 31/15 30/14 29/13 28/12 2711 26/10 25/9 24/8 2317 22/6 21/5 20/4 19/3 18/2 171 16/0
3 =
['2
CFD3FIFOSTAn | 3116 — — — — — — — — — — — — — — — —
(n'=2to 31 15:0 — — — FIFOCI<4:0> TXABT TXLARB TXERR TXATIF RXOVIF TFERFFIF | TFHRFHIF | TFNRFNIF
CFD3FIFOUAN 31:16 FIFOUA<31:16>
(n'=2to31) 15:0 FIFOUA<15:0>
CED3FLTCONO 31:16 | FLTEN3 — — F3BP<4:0> FLTEN2 — — F2BP<4:0>
15:.0 | FLTEN1 — — F1BP<4:0> FLTENO — — FOBP<4:0>
CED3FLTCONA 31:16 | FLTEN7 — — F7BP<4:0> FLTEN6 — — F6BP<4:0>
15:.0 | FLTEN5 — — F5BP<4:0> FLTEN4 — — F4BP<4:0>
CED3FLTCON2 31:16 | FLTEN11 — — F11BP<4:0> FLTEN10 — — F10BP<4:0>
15:.0 | FLTEN9 — — F9BP<4:0> FLTENS — — F8BP<4:0>
CED3FLTCON3 31:16 | FLTEN15 — — F15BP<4:0> FLTEN14 — — F14BP<4:0>
15:0 | FLTEN13 — — F13BP<4:0> FLTEN12 — — F12BP<4:0>
CED3FLTCON4 31:16 | FLTEN19 — — F19BP<4:0> FLTEN18 — — F18BP<4:0>
15:0 | FLTEN17 — — F17BP<4:0> FLTEN16 — — F16BP<4:0>
CED3FLTCONS 31:16 | FLTEN23 — — F23BP<4:0> FLTEN22 — — F22BP<4:0>
15:0 | FLTEN21 — — F21BP<4:0> FLTEN20 — — F20BP<4:0>
CED3FLTCONG 31:16 | FLTEN27 — — F28BP<4:0> FLTEN26 — — F26BP<4:0>
15:0 | FLTEN25 — — F25BP<4:0> FLTEN24 — — F30BP<4:0>
: — — <4:0> — — <4:0>
CED3FLTCON? 31:16 | FLTEN31 F31BP<4:0 FLTEN30 F26BP<4:0:
15:0 | FLTEN29 — — F29BP<4:0> FLTEN28 — — F28BP<4:0>
CFD3FLTOBJN 31:16 — EXIDE SID11 EID<17:5>
(n'=0) 15:0 EID<4:0> [ SID<10:0>
CFD3MASKn 31:16 — | MDE [ msiD11 ] MEID<17:5>
(n'=0) 15:0 MEID<4:0> [ MSID<10:0>
CFD3FLTOBJn | 31:16 — | EXDE [ sib11 ] EID<17:5>
(n'=1to31) 15:0 EID<4:0> [ SID<10:0>
CFD3MASKn 31:16 — | MDE [ msiD11 ] MEID<17:5>
(n'=1to31) 15:0 MEID<4:0> MSID<10:0>
CED4CON 31:16 TXBWS<3:0> ABAT REQOP<2:0> OPMOD<2:0> TXQEN STEF SERR2LOM | ESIGM RTXAT
15:0 ON | — [ sibL | BRsDIS BUSY WFT<1:0> | WAKFIL | CLKSELO | PXEDIS [ISOCRCEN DNCNT<4:0>
CEDANBTCEG 31:16 BRP<7:0> TSEG1<7:0>
15:0 — | TSEG2<6:0> — SJW<6:0>
CED4DBTCEG 31:16 BRP<7:0> — — — TSEG2<4:0>
15:0 — — — — TSEG2<3:0> — — — — SJW<3:0>
CED4TDC 31:16 — — — — — — EDGFLTEN | SID11EN — — — — — — TDCMOD<1:0>
15:0 — TDCO<6:0> — — TDCV<5:0>
CEDATBC 31:16 TBC<31:16>
15:0 TBC<15:0>
CEDATSCON 31:16 — — — — — — — — — — — — — TSRES TSEOF TBCEN
15:0 — — — — — — TBCPRE<9:0>
CEDAVEC 31:16 — RXCODE<6:0> — TXCODE<6:0>
15:0 — — — FILHIT<4:0> — ICODE<6:0>
CEDAINT 31:16 | IVMIE WAKIE CERRIE SERRIE RXOVIE TXATIE — — — — — TEFIE MODIE TBCIE RXIE TXIE
15:0 IVMIF WAKIF CERRIF SERRIF RXOVIF TXATIF — — — — — TEFIF MODIF TBCIF RXIF TXIF
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: The lower order byte of the 32-bit register resides at the low-order address.
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TABLE 56-2:

CAN FD PERIPHERAL REGISTER SUMMARY (CONTINUED)

[ Bits
£ o
z 2
= @
% f 31/15 30/14 29/13 28/12 2711 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 171 16/0
? =
o
CFDARXIF 31:16 RFIF<31:16>
15:0 RFIF<15:1> -
CFDATXIF 31:16 TFIF<31:16>
15:0 TFIF<15:0>
CFDARXOVIF 31:16 RFOVIF<31:16>
15:0 RFOVIF<15:1> —
CFDATXATIF 31:16 TFATIF<31:16>
15:0 TFATIF<15:0>
CFDATXREQ 31:16 TXREQ<31:16>
15:0 TXREQ<15:0>
CFDATREC 31:16 = = = = = = = = = = TXBO TXBP RXBP TXWARN RXWARN EWARN
15:0 TERRCNT<7:0> RERRCNT<7:0>
CFD4BDIAGO 31:16 DTERRCNT<7:0> DRERRCNT<7:0>
15:0 NTERRCNT<7:0> NRERRCNT<7:0>
CFD4BDIAGH 31:16 | DLCMM ESI DCRCERR | DSTUFERR | DFORMERR = DBIT1ERR | DBITOERR = = NCRCERR | NSTUFERR | NFORMERR | NACKERR | NBIT1ERR | NBITOERR
15:0 EFMSGCNT<15:0>
CFDATEFCON 31:16 = = = FSIZE<4:0> = = = = = = = =
15:0 — — — — — FRESET — UINC — — TEFTSEN — TEFOVIE TEFFIE TEFHIE TEFNEIE
CFD4TEFSTA 31:16 = = = = = = = = = = = = — — — —
15:0 — — — — — — — — — — — — TEFOVIF TEFFIF TEFHIF TEFNEIF
CFDATEFUA 31:16 TEFUA<31:16>
15:0 TEFUA<15:0>
CFD4FIFOBA 31:16 FIFOBA<31:16>
15:0 FIFOBA<15:0>
CFDATXQCON 31:16 PLSIZE<2:0> FSIZE<4:0> = TXAT<1:0> TXPRI<4:0>
15:0 — — — — — FRESET TXREQ UINC TXEN — — TXATIE — TXQEIE — TXQNIE
CFDATXQSTA |16 = = = — — — — — — — — — = — = —
15:0 — — — TXQCI<4:0> TXABT TXLARB TXERR TXATIF — TXQEIF — TXQNIF
N < N >
CFDATXQUA 31:16 TXQUA<31:16:
15:0 TXQUA<15:0>
CFD4FIFOCONn | 31:16 PLSIZE<2:0> FSIZE<4:0> — TXAT<1:0> TXPRI<4:0>
(n'=1) 15:0 — — — — — FRESET TXREQ UINC TXEN RTREN RXTSEN TXATIE RXOVIE TFERFFIE | TFHRFHIE | TENRFNIE
CFD4FIFOSTAn | 31:16 — — — — — — — - — — - — - - — -
(n'=1) 15:0 — — — FIFOCI<4:0> TXABT TXLARB TXERR TXATIF RXOVIF TFERFFIF | TFHRFHIF | TENRFNIF
CFD4FIFOUAN 31:16 FIFOUA<31:16>
(n'=1) 15:0 FIFOUA<15:0>
CFD4FIFOCONn | 31:16 PLSIZE<2:0> FSIZE<4:0> — TXAT<1:0> TXPRI<4:0>
(n'=2-31) 15:0 — — — — — FRESET TXREQ UINC TXEN RTREN RXTSEN TXATIE RXOVIE TFERFFIE | TFHRFHIE | TENRFNIE
CFD4FIFOSTAn | 31:16 — — — — — — — - — — - — - - — -
(n"=2to 31 15:0 — — — FIFOCI<4:0> TXABT TXLARB TXERR TXATIF RXOVIF TFERFFIF | TFHRFHIF | TENRFNIF
CFD4FIFOUAN 31:16 FIFOUA<31:16>
(n'=2to 31) 15:0 FIFOUA<15:0>
CFD4FLTCONO 31:16 | FLTEN3 = = F3BP<4:0> FLTEN2 = = F2BP<4:0>
15:0 FLTEN1 — — F1BP<4:0> FLTENO — — FOBP<4:0>
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: The lower order byte of the 32-bit register resides at the low-order address.
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TABLE 56-2: CAN FD PERIPHERAL REGISTER SUMMARY (CONTINUED)
g Bits
S )
=z <
S ©
% E 3115 3014 29/13 28/12 27111 26/10 25/9 24/8 23/7 22/6 21/5 20/4 19/3 18/2 171 16/0
.g, =
4
CFD4FLTCON1 31:16 | FLTEN7 — — F7BP<4:0> FLTEN6 — — F6BP<4:0>
15:0 FLTENS — — F5BP<4:0> FLTEN4 — — F4BP<4:0>
CFD4FLTCON2 31:16 | FLTENM1 — — F11BP<4:0> FLTEN10 — — F10BP<4:0>
15:0 FLTEN9 — — F9BP<4:0> FLTEN8 — — F8BP<4:0>
CFD4FLTCON3 31:16 | FLTEN15 — — F15BP<4:0> FLTEN14 — — F14BP<4:0>
15:0 | FLTEN13 — — F13BP<4:0> FLTEN12 — — F12BP<4:0>
CFD4FLTCON4 31:16 | FLTEN19 — — F19BP<4:0> FLTEN18 — — F18BP<4:0>
156:0 | FLTEN17 — — F17BP<4:0> FLTEN16 — — F16BP<4:0>
CFDA4FLTCONS 31:16 | FLTEN23 — — F23BP<4:0> FLTEN22 — — F22BP<4:0>
15:0 | FLTEN21 — — F21BP<4:0> FLTEN20 — — F20BP<4:0>
CFD4FLTCONS 31:16 | FLTEN27 — — F28BP<4:0> FLTEN26 — — F26BP<4:0>
15:0 | FLTEN25 — — F25BP<4:0> FLTEN24 — — F30BP<4:0>
: — — <4:0> — — <4:0>
CFD4FLTCON? 31:16 | FLTEN31 F31BP<4:0: FLTEN30 F26BP<4:0:
15:0 | FLTEN29 — — F29BP<4:0> FLTEN28 — — F28BP<4:0>
CFD4FLTOBJN 31:16 — EXIDE SID11 EID<17:5>
(n'=0) 15:0 EID<4:0> [ SID<10:0>
CFD4MASKn 31:16 — MIDE [ MSID11 | MEID<17:5>
(n'=0) 15:0 MEID<4:0> [ MSID<10:0>
CFD4FLTOBJn | 31:16 — EXIDE | siD11 ] EID<17:5>
(n'=1t031) 15:0 EID<4:0> [ SID<10:0>
CFD4MASKn 31:16 — MIDE [ MSID11 | MEID<17:5>
(n"=1to31) 15:0 MEID<4:0> [ MSID<10:0>
Legend: x = unknown value on Reset; — = unimplemented, read as ‘0’. Reset values are shown in hexadecimal.
Note 1: The lower order byte of the 32-bit register resides at the low-order address.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-1: CFDxCON: CAN CONTROL REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 |28/20/12/4|27/19/11/3| 26/18/10/2 |25/17/9/1 | 24/16/8/0
3124 R/W-0 R/W-0 R/W-0 R/W-0 S, HC-0 R/W-1 R/W-0 R/W-0

' TXBWS<3:0> ABAT REQOP<2:0>
2316 R-1 R-0 R-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0
' OPMOD<2:0> TXQEN(M | sTEF!) | sERR2LOM | ESIGM( | RTXAT(")
15:8 R/W-0 R/W-0 R/W-0 R/W-0 R-0 R/W-1 R/W-1 R/W-1
' ON — SIpL®@ BRSDIS | BUSY WFT<1:0> WAKFIL(M
70 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
~  |cikseLo™ | pxeDIS™ | ISOCRCEN( DNCNT<4:0>
Legend: S = Settable bit HC = Cleared by Hardware
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 31-28 TXBWS<3:0>: Transmit Bandwidth Sharing bits
Delay between two consecutive transmissions (in arbitration bit times)
1111-1100 =4096
1011 =2048
1010 = 1024
1001 =512
1000 =256
0111 =128
0110 =64
0101 =32
0100=16
0011 =8
0010=4
0001 =2
0000 = No delay
bit 27 ABAT: Abort All Pending Transmissions bit
1 = Signal all transmit buffers to abort transmission
0 = Module will clear this bit when all transmissions aborted
bit 26-24 REQOP<2:0>: Request Operation Mode bits
111 = Set Restricted Operation mode
110 = Set Normal CAN 2.0 mode; error frames on CAN FD frames
101 = Set External Loopback mode
100 = Set Configuration mode
011 = Set Listen Only mode
010 = Set Internal Loopback mode
001 = Set Disable mode
000 = Set Normal CAN FD mode; supports mixing of Full CAN FD and Classic CAN 2.0 frames
Note 1: This bit can only be modified in Configuration mode (OPMOD<2:0> bits = 100).
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REGISTER 56-1: CFDxCON: CAN CONTROL REGISTER (‘x’ = 1-4) (CONTINUED)
bit 23-21 OPMOD<2:0>: Operation Mode Status bits

bit 20

bit 19

bit 18

bit 17

bit 16

bit 15

bit 14
bit 13

bit 12

bit 11

bit 10-9

Note 1:

111 = Module is Restricted Operation mode

110 = Module is Normal CAN 2.0 mode; error frames on CAN FD frames

101 = Module is in External Loopback mode

100 = Module is in Configuration mode

011 = Module is in Listen Only mode

010 = Module is in Internal Loopback mode

001 = Module is in Disable mode

000 = Module is in Normal CAN FD mode; supports mixing of Full CAN FD and Classic CAN 2.0 frames

Note: In Restricted Operation mode, the node is able to receive data and remote frames, and to
acknowledge valid frames, but it does not send data frames, remote frames, active error frames,
or overload frames.

TXQEN: Enable Transmit Queue bit(")
1 = Enables Transmit Queue and reserves space in RAM
0 = Don’t reserve space in RAM for Transmit Queue
Note:  Changes only in Configuration mode, since it changes the addresses in RAM.

STEF: Store in Transmit Event FIFO bit(!)
1 = Save transmitted messages in TEF
0 = Don’t save transmitted messages in TEF
Note:  Changes only in Configuration mode, since it changes the addresses in RAM.

SERR2LOM: Transition to Listen Only Mode on System Error bit(1)

1 = Transition to Listen Only Mode

0 = Transition to Restricted Operation Mode

ESIGM: Transmit ESI in Gateway Mode bit(")

1 = ESl is transmitted as recessive when ESI of message is high or CAN controller error passive
0 = ESl reflects error status of CAN controller

RTXAT: Restrict Retransmission Attempts bit(1)

1 = Restricted retransmission attempts, use the TXAT<1:0> bit (CFDxFIFOCONnN<22:21>)
0 = Unlimited number of retransmission attempts, TXAT<1:0> bit will be ignored

ON: Enabile bit

1 = CAN module is enabled

0 = CAN module is disabled

Unimplemented: Read as ‘0’

SIDL: Stop-in-ldle Control bit(2)

1 = Stop module operation in Idle mode

0 = Don’t stop module operation in Idle mode

BRSDIS: Bit Rate Switching Disable bit

1 = Bit Rate Switching is Disabled, regardless of BRS in the Transmit Message Object
0 = Bit Rate Switching depends on BRS in the Transmit Message Object

BUSY: CAN Module is Busy bit

1 =The CAN module is active

0 = The CAN module is inactive

WFT<1:0>: Selectable Wake-up Filter Time bits

11 = T11FILTER (Typical 600 ns)
10 = T10FILTER (Typical 375 ns)
01 = TO1FILTER (Typical 187 ns)
00 = TOOFILTER (Typical 100 ns)

This bit can only be modified in Configuration mode (OPMOD<2:0> bits = 100).
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-1: CFDxCON: CAN CONTROL REGISTER (‘x’ = 1-4) (CONTINUED)
bit 8 WAKFIL: Enable CAN Bus Line Wake-up Filter bit(")

1 = Use CAN bus line filter for wake-up
0 = CAN bus line filter is not used for wake-up

bit 7 CLKSELO: Module Clock Source Select bit("

1 = REFCLK4 is active when the CAN FD module is enabled
0 = SYSCLK is active when the CAN FD module is enabled

bit 6 PXEDIS: Protocol Exception Event Detection Disabled bit(1)
Arecessive “res bit” following a recessive FDF bit is called a Protocol Exception.

1 = Protocol Exception is treated as a Form Error.
0 = If a Protocol Exception is detected, the CAN FD module will enter the Bus Integrating state.

bit 5 ISOCRCEN: Enable ISO CRC in CAN FD Frames bit(!)

1 = Include Stuff Bit Count in CRC Field and use Non-Zero CRC Initialization Vector
0 = Do not include Stuff Bit Count in CRC Field and use CRC Initialization Vector with all zeros

bit 4-0 DNCNT<4:0>: Device Net Filter Bit Number bits
11111-10011 = Invalid Selection (compare with EID<0:17>)
10010 = Compare up to data byte 0<7:0> and Byte 1<7:0> and Byte 2<6> with EID17
10001 = Compare up to data byte 0<7:0> and Byte 1<7:0> and Byte 2<7> with EID<0:16>
10000 = Compare up to data byte 0<7:0> and data byte 1<7:0> with EID<0:15>
01111 = Compare up to data byte 0<7:0> and data byte 1<7:1> with EID<0:14>
01110 = Compare up to data byte 0<7:0> and data byte 1<7:2> with EID<0:13>
01101 = Compare up to data byte 0<7:0> and data byte 1<7:3> with EID<0:12>
01100 = Compare up to data byte 0<7:0> and data byte 1<7:4> with EID<0:11>
01011 = Compare up to data byte 0<7:0> and data byte 1<7:5> with EID<0:10>
01010 = Compare up to data byte 0<7:0> and data byte 1<7:6> with EID<0:9>
01001 = Compare up to data byte 0<7:0> and data byte 1<7> with EID<0:8>
01000 = Compare up to data byte 0<7:0> with EID<0:7>
00111 = Compare up to data byte 0<7:1> with EID<0:6>
00110 = Compare up to data byte 0<7:2> with EID<0:5>
00101 = Compare up to data byte 0<7:3> with EID<0:4>
00100 = Compare up to data byte 0<7:4> with EID<0:3>
00011 = Compare up to data byte 0<7:5> with EID<0:2>
00010 = Compare up to data byte 0<7:6> with EID<0:1>
00001 = Compare up to data byte 0 bit 7 with EIDO
00000 = Do not compare data bytes

Note 1: This bit can only be modified in Configuration mode (OPMOD<2:0> bits = 100).
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REGISTER 56-2:

CFDxNBTCFG: NOMINAL BIT TIME CONFIGURATION REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
R/W-0 R/W-0 RIW-0 R/W-0 R/W-0 RIW-0 RIW-0 R/W-0
31:24 BRP<7:0>
2316 R/W-0 RIW-0 RIW-1 Rw-t | Rwa [ Rw [ RW | RWe
' TSEG1<7:0>
158 U-0 U-0 U-0 RW-1 [ Rwa | Rwet [ RWA [ R
’ — — — TSEG2<4:0>
-0 U0 RIW-0 RIW-0 RWo | Rwa | Rwt | RWA | RWA
' — SJW<6:0>
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 31-24

bit 23-16

bit 15-13
bit 12-8

bit 7
bit 6-0

BRP<7:0>: Baud Rate Prescaler bits
11111111 =TQ = 256/Fsys

00000000 =Ta = 1/Fsys

TSEG1<7:0>: Time Segment 1 bits (Propagation Segment + Phase Segment 1)

1111 1111 =Lengthis 256 x TQ

00000000 = Lengthis 1 x TQ
Unimplemented: Read as ‘0’

TSEG2<4:0>: Time Segment 2 bits (Phase Segment 2)

111111 =Length is 128 x TQ

000000 = Lengthis 1 xTQ
Unimplemented: Read as ‘0’

SJW<6:0>: Synchronization Jump Width bits
1111111 = Length is 128 x Ta

0000000 =Lengthis 1 xTQ

Note 1:

This register can only be modified in Configuration mode (OPMOD<2:0> bits (CFDxCON<23:21>) = 100).

The following apply to this register:
e Ta =((BRP + 1))/ FCAN)

« Nominal Bit Period = (Ta * ((SYNC + (TSEG1 + 1) + (TSEG2 +1)))

e Calc Nominal Bit Rate = (1 / Bit Period)
OR

¢ Calc CAN Bit Rate = (1/ (((BRP + 1)) / FCAN) * (SYNC + (TSEG1 + 1) + (TSEG2 + 1))))
The maximum allowed CAN FD error is < 1% %Error = (((Calc CAN bit rate - Desired CAN bit rate) /

Desired CAN bit rate) * 100).
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-3:

CFDxDBTCFG: DATA BIT TIME CONFIGURATION REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
R/W-0 RIW-0 RIW-0 R/W-0 RIW-0 RIW-0 R/W-0 RIW-0
31:24 BRP<7:0>
' U0 U-0 U-0 R/W-0 Rw-1 | RwA | RW [ RWO
23:16
— — — TSEG1<4:0>
158 U-0 U-0 U-0 U-0 Rwo | Rwo | Rwa | RW
’ — — — — TSEG2<3:0>
-0 U-0 U-0 u-0 U-0 Rwo | Rwo | Rwa | RW
' — — — — SJW<3:0>
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 31-24

bit 23-21
bit 20-16

BRP<7:0>: Baud Rate Prescaler bits
11111111 =TQ = 256/Fsys

0000 0000 =Ta=1/Fsys
Unimplemented: Read as ‘0’

TSEG1<4:0>: Time Segment 1 bits (Propagation Segment + Phase Segment 1)
11111 =Lengthis 32 x TQ

00000 =Lengthis 1 xTQ

bit 15-12 Unimplemented: Read as ‘0’
bit 11-8 TSEG2<3:0>: Time Segment 2 bits (Phase Segment 2)
1111 =Lengthis 16 x TQ
0000 = Lengthis 1 x TQ
bit 7-4  Unimplemented: Read as ‘0’
Note 1: This register can only be modified in Configuration mode (OPMOD<2:0> bits (CFDxCON<23:21>)
=100).
2: The following apply to this register:
e Ta =((BRP + 1))/ FCAN)
¢ Nominal Bit Period = (TQ * ((SYNC + (TSEG1 + 1) + (TSEG2 +1)))
e Calc Nominal Bit Rate = (1 / Bit Period)
OR
¢ Calc CAN Bit Rate = (1/ (((BRP + 1))/ FCAN) * (SYNC + (TSEG1 + 1) + (TSEG2 + 1))))
3: The maximum allowed CAN FD error is < 1% %Error = (((Calc CAN bit rate - Desired CAN bit rate) /
Desired CAN bit rate) * 100).
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REGISTER 56-3: CFDxDBTCFG: DATA BIT TIME CONFIGURATION REGISTER (‘x’ = 1-4)
(CONTINUED)

bit3-0  SJW<3:0>: Synchronization Jump Width bits
1111 = Lengthis 16 x TQ

0000 = Lengthis 1 x TQ

Note 1: This register can only be modified in Configuration mode (OPMOD<2:0> bits (CFDXCON<23:21>)

=100).

2: The following apply to this register:
e Ta=((BRP + 1))/ FCAN)
¢ Nominal Bit Period = (TQ * ((SYNC + (TSEG1 + 1) + (TSEG2 +1)))
e Calc Nominal Bit Rate = (1 / Bit Period)

OR

¢ Calc CAN Bit Rate = (1/ (((BRP + 1))/ FCAN) * (SYNC + (TSEG1 + 1) + (TSEG2 + 1))))

3:  The maximum allowed CAN FD error is < 1% %Error = (((Calc CAN bit rate - Desired CAN bit rate) /
Desired CAN bit rate) * 100).
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-4:

CFDxTDC: TRANSMITTER DELAY COMPENSATION REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
3124 U-0 u-0 u-0 u-0 u-0 u-0 u-0 R/W-0
— — — — — — EDGFLTEN | SID11EN
u-0 u-0 u-0 u-0 u-0 u-0 R/W-1 R/W-0
2316 — — — — — — TDCMOD<1:0>
u-0 R/W-0 R/W-0 R/W-1 R/W-0 R/W-0 R/W-0 | R/W-0
15:8 — TDCO<6:0>
_ U-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 | R/W-0
70 — — TDCV<5:0>
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 31-24 Unimplemented: Read as ‘0’

bit 25 EDGFLTEN: Enable Edge Filtering during Bus Integration state bit
1 = Edge Filtering is enabled, according to ISO11898-1:2015
0 = Edge Filtering is disabled

bit 24 SID11EN: Enable 12-Bit SID in CAN FD Base Format Messages bit
1 =RRS is used as SID11 in CAN FD base format messages: SID<11:0> = {SID<10:0>, SID11}
0 = Do not use RRS; SID<10:0> according to 1ISO11898-1:2015

bit 23-18 Unimplemented: Read as ‘0’

bit 17-16 TDCMOD<1:0>: Transmitter Delay Compensation Mode bits
Secondary Sample Point (SSP).
10 = Auto; measure delay and add CFDxDBTCFG.TSEG1; add TDCO
11 = Auto; measure delay and add CFDxDBTCFG.TSEG1; add TDCO
01 = Manual; Do not measure, use TDCV plus TDCO from the register
00 = Disable

bit 15 Unimplemented: Read as ‘0’

bit 14-8 TDCO0<6:0>: Transmitter Delay Compensation Offset bits
Secondary Sample Point (SSP). Two’s complement; offset can be positive, zero, or negative.
1111111 =-64 x SYSCLK
0111111 =63 x SYSCLK
0000000 =0 x SYSCLK

bit 7-6 Unimplemented: Read as ‘0’

bit5-0  TDCV<5:0>: Transmitter Delay Compensation Value bits; Secondary Sample Point (SSP)
111111 =63 x SYSCLK
000000 =0 x SYSCLK

Note: This register can only be modified in Configuration mode (OPMOD<2:0> bits (CFDxCON<23:21>) = 100).
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REGISTER 56-5:

CFDxTBC: CAN TIME BASE COUNTER REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
R/W-0 R/W-0 RIW-0 R/W-0 R/W-0 RIW-0 RIW-0 R/W-0
31:24 TBC<31:24>
9316 Rwo | Rwo | Rwo | Rwo | Rwo | Rwo [ RWo0 | Rwo
’ TBC<23:16>
158 Rwo | Rwo | RrRwo [ Rwo | Rwo [ RW0 | Rwo | RW0
’ TBC<15:8>
-0 Rwo | Rwo | Rwo [ Rwo | Rwo | RW0 | Rwo | RW0
' TBC<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 31-0

TBC<31:0>: CAN Base Counter bits

This is a free running 32-bit time stamp timer that increments TBCPRE<9:0> (CFDxTSCON<9:0>)
SYSCLKS when the TTBCEN bit (CFDxTSCON<8>) is set.

Note 1: To save power, the TBC will be stopped and reset when the TBCEN bit (CFDxTSCON<16>) = 0 to save
power.
2: The TBC prescaler count will be reset on any write to the CFDxTBC register (TBCPRE<9:0>
(CFDXxTSCON<9:0>) will be unaffected).
Note:  The timer/counter increments on SYSCLK and rolls over to zero.

There are two main time stamping registers:
- CFDxTBC: Time Base Counter, 32-bit

- CFDxTSCON: Time Stamp Control register
Time Stamp Event selectable:

- Classic CAN Frame: SOF versus EOF

- CAN FD Frame: After SOF/FDF versus EOF
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-6:

CFDxTSCON: CAN TIME STAMP CONTROL REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
3124 U-0 u-0 u-0 U-0 u-0 u-0 U-0 u-0
u-0 u-0 u-0 u-0 u-0 R/W-0 R/W-0 R/W-0
23:16 — — — — — TSRES TSEOF TBCEN
u-0 u-0 u-0 u-0 u-0 u-0 R/W-0 R/W-0
15:8 — — — — — — TBCPRE<9:8>
_ R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
70 TBCPRE<7:0>
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 31-19
bit 18

bit 17

bit 16

bit 15-10
bit 9-0

Unimplemented: Read as ‘0’
TSRES: Time Stamp Resolution bit
FD Frames only.
1 = At sample point of the bit following the FDF bit
0 = At sample point of SOF
TSEOF: Time Stamp EOF bit
1 = Time Stamp when frame is taken valid (11898-1 10.7):
+ RX no error until last but one bit of EOF)
» TX no error until the end of EOF
0 = Time Stamp at “beginning” of Frame:
+ Classical Frame: At sample point of SOF
* FD Frame: See the TSRES bit
TBCEN: Time Base Counter Enable bit
1 = Enable TBC
0 = Stop and reset TBC
Unimplemented: Read as ‘0’

TBCPRE<9:0>: CAN Time Base Counter Prescaler bits
111111111 = TBC increments every 1024 SYSCLK clock cycles

000000000 = TBC increments every 1 SYSCLK clock cycle

© 2018 Microchip Technology Inc.
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REGISTER 56-7:

CFDxVEC: INTERRUPT CODE REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
U-0 R-1 R-0 R-0 R-0 R-0 R-0 R-0
31:24 — RXCODE<6:0>
u-0 R-1 R-0 R-0 | R-0 R-0 R-0 R-0
2316 — TXCODE<6:0>("
15:8 U-0 U-0 u-0 R0 | R-0 | R-0 R0 R-0
' — — — FILHIT<4:0>(1)
_ U-0 R-1 R-0 R-0 | R-0 R-0 R-0 R-0
70 — ICODE<6:0>(")
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 31
bit 30-24

bit 23

Note 1:

Unimplemented: Read as ‘0’
RXCODE<6:0>: Receive Interrupt Flag Code bits(")

1111111 =

1000001 =
1000000 =
0111111 =

0100000 =

Reserved

Reserved
No interrupt
Reserved

Reserved

0011111 = FIFO 31 Interrupt (RFIF<31> set)

0000010 =FIFO 2 Interrupt (RFIF<2> set)
0000001 =FIFO 1 Interrupt (RFIF<1> set)
0000000 = Reserved. FIFO 0 can’t receive.

Unimplemented: Read as ‘0’

If multiple interrupts are pending, the interrupt with the highest number will be indicated.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-7: CFDxVEC: INTERRUPT CODE REGISTER (‘x’ = 1-4) (CONTINUED)
bit 22-16 TXCODE<6:0>: Transmit Interrupt Flag Code bits ()
1111111 = Reserved

1000001 = Reserved
1000000 = No interrupt
0111111 = Reserved

0100000 = Reserved
0011111 =FIFO 31 interrupt (TFIF<31> bit is set)

0000001 = FIFO 1 interrupt (TFIF<1> bit is set)
0000000 = FIFO 0 interrupt (TFIF<0> bit is set)

bit 15-13 Unimplemented: Read as ‘0’

bit 12-8  FILHIT<4:0>: Filter Hit Number bits("

11111 = Filter 31
11110 = Filter 30

00001 = Filter 1
00000 = Filter 0

bit 7 Unimplemented: Read as ‘0’

bit6-0  ICODE<6:0>: Interrupt Flag Code bits("
1111111 = Reserved

1001011 = Reserved

1001010 = Transmit attempt interrupt (any bit in the CFDxTXATIF register is set)

1001001 = Transmit event FIFO interrupt (any bit in the CFDXTEFIF register is set)

1001000 = Invalid message occurred (IVMIF/IE)

1000111 = CAN module mode change Occurred (MODIF/IE)

1000110 = CAN Timer Overflow (CTMRIF/IE)

1000101 = RX/TX MAB overflow/underflow (RX: message received before previous message was saved
to memory; TX: cannot feed TX MAB fast enough to transmit consistent data.) (SERRIF/IE)

1000100 = Address error interrupt (illegal FIFO address presented to system) (SERRIF/IE)

1000011 = Receive FIFO overflow interrupt (any bit in CFDxRXOVIF set)

1000010 = Wake-up interrupt (WAKIF/WAKIE)

1000001 = Error interrupt (CERRIF/IE)

1000000 = No interrupt

0111111 = Reserved

0100000 = Reserved

0011111 = FIFO 31 interrupt (TFIF<31> or RFIF<31> set)

0000001 = FIFO 1 interrupt (TFIF<1> or RFIF<1> set)
0000000 = FIFO 0 interrupt (TFIF<0> set)

Note 1: If multiple interrupts are pending, the interrupt with the highest number will be indicated.
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REGISTER 56-8:

CFDxINT: INTERRUPT REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0
31:24 IVMIE WAKIE CERRIE | SERRIE | RXOVIE | TXATIE — —
U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
23:16 — — — TEFIE MODIE TBCIE RXIE TXIE
HS/C-0 HS/C-0 HS/C-0 HS/C-0 R-0 R-0 U-0 U-0
15:8 IVMIF® | wAKIF® | CERRIF™ | SERRIF(Y | RXOVIF | TXATIF — —
] U-0 uU-0 uU-0 R-0 HS/C-0 HS/C-0 R-0 R-0
70 - - - TEFIF MODIF(" | TBCIF(™ RXIF TXIF
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 31 IVMIE: Invalid Message Interrupt Enable bit
1 = Interrupts are enabled
0 = Interrupts are disabled
bit 30 WAKIE: Bus Wake Up Activity Interrupt Enable bit
1 = Interrupts are enabled
0 = Interrupts are disabled
bit 29 CERRIE: CAN Bus Error Interrupt Enable bit
1 = Interrupts are enabled
0 = Interrupts are disabled
bit 28 SERRIE: System Error Interrupt Enable bit
1 = Interrupts are enabled
0 = Interrupts are disabled
bit 27 RXOVIE: Receive Buffer Overflow Interrupt Enable bit
1 = Interrupts are enabled
0 = Interrupts are disabled
bit 26 TXATIE: Transmit Attempt Interrupt Enable bit
1 = Interrupts are enabled
0 = Interrupts are disabled
bit 25-21 Unimplemented: Read as ‘0"
bit 20 TEFIE: Transmit Event FIFO Interrupt Enable bit
1 = Interrupts are enabled
0 = Interrupts are disabled
bit 19 MODIE: Mode Change Interrupt Enable bit
1 = Interrupts are enabled
0 = Interrupts are disabled
bit 18 TBCIE: CAN Timer Interrupt Enable bit
1 = Interrupts are enabled
0 = Interrupts are disabled
bit 17 RXIE: Receive Object Interrupt Enable bit
1 = Interrupts are enabled
0 = Interrupts are disabled
Note 1: Flags are set by hardware and are cleared by the user application.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-8: CFDxINT: INTERRUPT REGISTER (‘x’ = 1-4) (CONTINUED)

bit 16

bit 15

bit 14

bit 13

bit 12

bit 11

bit 10

bit 9-5
bit 4

bit 3

bit 2

bit 1

bit 0

Note 1:

TXIE: Transmit Object Interrupt Enable bit
1 = Interrupts are enabled
0 = Interrupts are disabled’

IVMIF: Invalid Message Interrupt Flag bit(1)

1 = An invalid message interrupt is pending

0 = No invalid message interrupts are pending
WAKIF: Bus Wake Up Activity Interrupt Flag bit("
1 = A wake-up interrupt is pending

0 = No wake-up interrupts are pending

CERRIF: CAN Bus Error Interrupt Flag bit(")

1 = A CAN bus error interrupt is pending
0 = No CAN bus error interrupts are pending

SERRIF: System Error Interrupt Flag bit(")

1 = A system error is occurred (collision on dual-port RAM)
0 = System error is not occurred

RXOVIF: Receive Object Overflow Interrupt Flag bit

1 = Receive object overflow occurred

0 = No receive object overflow has occurred

TXATIF: Transmit Attempt Interrupt Flag bit

1 = Atransmit interrupt is pending in one or more of the designated 32 FIFOs denoted by which of the 32
bits in the CFDxTXATIF register are set

0 = No transmit FIFO interrupts are pending

Unimplemented: Read as ‘0’

TEFIF: Transmit Event FIFO Interrupt Flag bit

1 = Receive buffer overflow has occurred

0 = No receive buffer overflow has occurred
MODIF: CAN Mode Change Interrupt Flag bit(1)
1 = CAN module mode change is occurred (OPMOD has changed to reflect the REQOP<2:0> bits)
0 = CAN module mode change is not occurred
TBCIF: CAN Timer Overflow Interrupt Flag bit(")
1 =TBC has overflowed

0 = TBC did not overflow

RXIF: Receive Object Interrupt Flag bit

1 = Receive object interrupt is pending

0 = Receive object interrupts is not pending
TXIF: Transmit Object Interrupt Flag bit

1 = Transmit object interrupt pending
0 = No transmit object interrupts pending

Flags are set by hardware and are cleared by the user application.
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REGISTER 56-9:

CFDxRXIF: RECEIVE INTERRUPT STATUS REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
31:24 RFIF<31:24>(
2316 R-0 | R-0 | R-0 | R-0 | R-0 | R-0 R-0 R-0
' RFIF<23:16>(1)
15:8 R0 | R-0 | R-0 | R0 | R-0 | R-0 R0 R-0
' RFIF<15:8>(1)
_ R-0 | R-0 | R-0 | R-0 | R-0 | R-0 R-0 U-0
7:0
RFIF<7:1>(1) —
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 31-1

bit 0

Note 1:

RFIF<31:1>: Receive FIFO Interrupt Pending bits(")

1 = One or more enabled receive FIFO interrupts are pending
0 = No enabled receive FIFO interrupts are pending

Unimplemented: Read as ‘0’

RFIF = ‘or’ of enabled RXFIFO flags; (flags need to be cleared in FIFO register).
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-10: CFDxRXOVIF: RECEIVE OVERFLOW INTERRUPT STATUS REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
3124 R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0

' RFOVIF<31:24>(1)
R-0 R-0 | R0 | R-0 | R-0 R0 R-0 | R-0
23:16 .
RFOVIF<23:16>(1)
15:8 R0 R-0 | R0 | R0 | R-0 R0 R0 | R-0
' RFOVIF<15:8>(1)
R-0 R-0 | R-0 | R-0 | R-0 | R-0 R-0 U-0
RFOVIF<7:1> _
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-1

bit 0

Note 1:

RFOVIF<31:1>: Receive FIFO Overflow Interrupt Pending bits(")
1 = Interrupt is pending
0 = Interrupt not pending

Unimplemented: Read as ‘0’

RVOVIF (flag need to be cleared in FIFO register).
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REGISTER 56-11: CFDxTXIF: TRANSMIT INTERRUPT STATUS REGISTER (‘xX’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
31:24 TFIF<31:24>(
2316 R-0 R-0 | R-0 | R-0 | R-0 | R0 R0 | R-0
' TFIF<23:16>(1)
15:8 R-0 R-0 | R0 | R-0 | R-0 | R-0 R-0 | R-0
' TFIF<15:8>(1)
_ R0 R-0 | R0 | R0 | R-0 | R0 R0 R-0
7:0
TFIF<7:0>()
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 31-0

Note 1:

TFIF<31:0>: Transmit FIFO/Transmit Queue!? Interrupt Pending bits(?)

1 = One or more enabled transmit FIFO/Transmit Queue interrupts are pending
0 = No enabled transmit FIFO/Transmit Queue interrupt are pending

TFIF = ‘or’ of the enabled TXFIFO flags; (flags need to be cleared in FIFO register).
TFIF<0> is for the Transmit Queue.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-12: CFDxTXATIF: TRANSMIT ATTEMPT INTERRUPT STATUS REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
31:24 TFATIF<31:24>()
2316 R-0 R-0 | R-0 | R-0 | R-0 R-0 R-0 R-0
' TFATIF<23:16>(1)
15:8 R0 R-0 | R-0 | R0 | R-0 R-0 R0 R-0
' TFATIF<15:8>(1)
-0 R-0 R-0 | R-0 | R-0 | R-0 R-0 R-0 R-0
' TFATIF<7:0>(1)
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared x = Bit is unknown

bit 31-0  TFATIF<31:0>: Transmit FIFO/Transmit Queue!? Attempt Interrupt Pending bits(1)

1 = A transmit interrupt is pending in one or more of the designated 32 FIFOs denoted by which of the 32
bits in the CFDxTXATIF register are set

0 = No transmit FIFO interrupts are pending

Note 1:

TFATIF = ‘or’ of the enabled TXFIFO flags; (flags need to be cleared in FIFO register).
TFATIF<0> is for the Transmit Queue.
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REGISTER 56-13: CFDxTXREQ: TRANSMIT REQUEST REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
S, HC-0 S, HC-0 S, HC-0 S, HC-0 S, HC-0 S, HC-0 S, HC-0 S, HC-0
31:24 TXREQ<31:24>(
2316 sHCO | sHco | shHoo | sHCo | sHCO | SHCo | SHCO | S HCO
: TXREQ<23:16>(1)
15:8 sHC-0 | sHoo | sHco | sHoo | sHCo | sHoo [ sHCo | s HCo
' TXREQ<15:8>(1)
-0 sHc0 | sHco [ sHco | sHoo [ sHCo | sHoo [ s HCO | s HCO
' TXREQ<7:0>(")
Legend: S = Settable bit
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

TXREQ<31:1>: Message Send Request bits(1)

TXEN = 1: (Object configured as a Transmit Object)

Setting this bit to ‘1’ requests sending a message.

The bit will automatically clear when the messages queued in the object are successfully sent and cannot
be used for aborting a transmission.

TXEN = 0: (Object configured as a Receive Object)

This bit has no effect.

TXREQ<0>: Transmit Queue Message Send Request bit(1)

Setting this bit to ‘1’ requests sending a message.

The bit will automatically clear when the message(s) queued in the object is (are) successfully sent and
cannot be used for aborting a transmission.

bit 31-1

bit 0

Note 1: The TXREQ<31:0> bits are ignored in Listen Only mode (REQOP<2:0> bits (CFDxCON<26:24>) =

0/b011).
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-14: CFDxFIFOBA: MESSAGE MEMORY BASE ADDRESS REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
R/W-0 R/W-0 RIW-0 R/W-0 R/W-0 RIW-0 RIW-0 R/W-0
31:24 FIFOBA<31:24>
2316 RwWo | Rwo [ Rwo [ RWo RIW-0 RIW-0 RW-0 |  RW-0
’ FIFOBA<23:16>
158 RWo | Rwo | Rwo [ RW0 SRIW-0 RIW-0 RW-0 [ Rw-0
’ FIFOBA<15:8>
-0 Rwo | Rwo | Rwo [ RwWo R/W-0 RIW-0 u-0 | U-0
’ FIFOBA<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared x = Bit is unknown

bit 31-0

FIFOBA<31:0>: Message Memory Base Address bits

Defines the base address for Transmit Event FIFO followed by the message objects.

Note 1:

Bits<1:0> are forced to ‘0’ to be word aligned.

This register can only be modified in Configuration mode (OPMOD<2:0> bits (CFDxCON<23:21>) = 100).

© 2018 Microchip Technology Inc.
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REGISTER 56-15: CFDxTXQCON: TRANSMIT QUEUE CONTROL REGISTER

(‘x’ =1-4)
Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
31:24 PLSIZE<2:0>(") FSIZE<4:0>(1
u-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
2316 — TXAT<1:0> TXPRI<4:0>
u-0 u-0 u-o u-0 u-0 S, HC-1 R/W, HC-0 S, HC-0
15:8 — — — — — FRESET® | TXREQ UINC
_ R-1 u-0 u-o R/W-0 u-0 R/W-0 u-o R/W-0
70 TXEN — — TXATIE — TXQEIE — TXQNIE
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 31-29 PLSIZE<2:0>: Payload Size bits{!)
111 = 64 data bytes
110 = 48 data bytes
101 = 32 data bytes
100 = 24 data bytes
011 = 20 data bytes
010 = 16 data bytes
001 = 12 data bytes
000 = 8 data bytes

FSIZE<4:0>: FIFO Size bits(")
11111 = FIFO is 32 Messages deep

bit 28-24

bit 23
bit 22-21

Note 1:
2:

00010 = FIFO is 3 Messages deep
00001 = FIFO is 2 Messages deep
00000 = FIFO is 1 Message deep

Unimplemented: Read as ‘0’

TXAT<1:0>: Retransmission Attempts bits
This feature is enabled when the RTXAT bit (CFDxCON<8>) is set.
11 = Unlimited number of retransmission attempts
10 = Unlimited number of retransmission attempts
01 = Three retransmission attempts

00 = Disable retransmission attempts

Note: The user application must be able to change these bits in Normal mode. This can be used to go back
on the bus after bus off to check if transmission works again.

This bit can only be modified in Configuration mode ((OPMOD<2:0> bits (CFDxCON<23:21>) = 100).
This bit is set while in Configuration mode and is automatically cleared in Normal mode.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-15: CFDxTXQCON: TRANSMIT QUEUE CONTROL REGISTER

(x’ = 1-4) (CONTINUED)

bit 20-16 TXPRI<4:0>: Message Transmit Priority bits (EXPANDED)

bit 15-11
bit 10

bit 9

bit 8

bit 7

bit 6-5

bit 4

bit 3
bit 2

bit 1
bit 0

Note 1:

11111 = Highest Message Priority

00000 = Lowest Message Priority
Unimplemented: Read as ‘0’

FRESET: FIFO Reset bit(?

1 = FIFO will be reset when bit is set; cleared by hardware when FIFO is reset. The user application should
poll whether this bit is clear before taking any action.

0 = No effect

TXREQ: Message Send Request bit

1 = Requests sending a message; the bit will automatically clear when all the messages queued in the
Transmit Queue are successfully sent
0 = Clearing the bit to ‘0’ while set (‘1’) will request a message abort.

UINC: Increment Head/Tail bit

When this bit is set, the FIFO head will increment by a single message.
TXEN: TX Enable

1 = Transmit Message Queue. This bit always reads as ‘1’.
Unimplemented: Read as ‘0’

TXATIE: Transmit Attempts Exhausted Interrupt Enable bit

1 = Enable interrupt
0 = Disable interrupt

Unimplemented: Read as ‘0’

TXQEIE: Transmit Queue Empty Interrupt Enable bit
1 = Interrupt enabled for Transmit Queue empty
0 = Interrupt disabled for Transmit Queue empty

Unimplemented: Read as ‘0’

TXQNIE: Transmit Queue Not Full Interrupt Enable bit
1 = Interrupt enabled for Transmit Queue not full
0 = Interrupt disabled for Transmit Queue not full

This bit can only be modified in Configuration mode ((OPMOD<2:0> bits (CFDxCON<23:21>) = 100).
This bit is set while in Configuration mode and is automatically cleared in Normal mode.
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REGISTER 56-16: CFDxTXQSTA: TRANSMIT QUEUE STATUS REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
U-0 U-0 U-0 u-0 u-0 U-0 U-0 U-0
31:24
U-0 U-0 U-0 u-0 u-0 U-0 U-0 U-0
23:16
U-0 U-0 U-0 R-0 R-0 R-0 R-0 R-0
— — — TXQCI<4:0>
70 R-0 R-0 R-0 HS/C-0 u-0 R-0 U-0 R-0
' TXABT@3) | TXLARB(Z3) | TXERR3) | TXATIF — TXQEIF — TXQNIF
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1"’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 31-13 Unimplemented: Read as ‘0’
bit 12-8  TXQCI<4:0>: Transmit Queue Message Index bits(!)
Aread of this register will return an index to the message that the FIFO will next attempt to transmit.
bit 7 TXABT: Message Aborted Status bit(3:3)
1 = Message was aborted
0 = Message completed successfully
bit 6 TXLARB: Message Lost Arbitration Status bit(%3)
1 = Message lost arbitration while being sent
0 = Message did not loose arbitration while being sent
bit 5 TXERR: Error Detected During Transmission bit(2-3)
1 = A bus error occurred while the message was being sent
0 = Abus error did not occur while the message was being sent
bit 4 TXATIF: Transmit Attempts Exhausted Interrupt Pending bit
1 = Interrupt is pending
0 = Interrupt is not pending
bit 3 Unimplemented: Read as ‘0’
bit 2 TXQEIF: Transmit Queue Empty Interrupt Flag bit

1 = Transmit Queue is empty
0 = Transmit Queue is not empty, at least one message queued to be transmitted

bit 1 Unimplemented: Read as ‘0’

bit 0 TXQNIF: Transmit Queue Not Full Interrupt Flag bit
1 = Transmit Queue is not full
0 = Transmit Queue is full

Note 1: TXQCI<4:0> gives a zero-indexed value to the message in the Transmit Queue. If the Transmit Queue is
four messages deep (FSIZE<4:0> bits (CFDxFIFOCONN<28:24>) = 5’h03), TXQCI<4:0> will take on a
value of 0 to 3 depending on the state of the Transmit Queue.

2: This bit is reset on any read of this register or when the Transmit Queue is reset.
3: This bit is updated when a message completes (or aborts) or when the Transmit Queue is reset.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-17: CFDxFIFOCONnN: FIFO CONTROL REGISTER (‘x’ = 1-4; ‘n’ = 1-31)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
3124 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

' PLSIZE<2:0>(1) FSIZE<4:0>(1
2316 u-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
) — TXAT<1:0> TXPRI<4:0>
15:8 u-0 u-0 u-0 U-0 u-0 S, HC-1 R/W, HC-0 S, HC-0
' — — — — — FRESET TXREQ UINC
70 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
' TXEN() RTREN |RXTSEN(M | TXATIE | RXOVIE | TFERFFIE | TFHRFHIE | TFNRFNIE
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 31-29 PLSIZE<2:0>: Payload Size bits{!)
111 = 64 data bytes
110 = 48 data bytes
101 = 32 data bytes
100 = 24 data bytes
011 = 20 data bytes
010 = 16 data bytes
001 = 12 data bytes
000 = 8 data bytes
bit 28-24 FSIZE<4:0>: FIFO Size bits(")
11111 = FIFO is 32 Messages deep
00010 = FIFO is 3 Messages deep
00001 = FIFO is 2 Messages deep
00000 = FIFO is 1 Message deep
bit 23 Unimplemented: Read as ‘0’
bit 22-21 TXAT<1:0>: Retransmission Attempts bits
This feature is enabled when the RTXAT bit (CFDxCON<8>) is set.
11 = Unlimited number of retransmission attempts
10 = Unlimited number of retransmission attempts
01 = Three retransmission attempts
00 = Disable retransmission attempts
Note: Application must be able to change this in Normal mode. This can be used to go back on the bus
after bus off to check if transmission works again
Note 1: This bit can only be modified in Configuration mode ((OPMOD<2:0> bits (CFDxCON<23:21>) = 100).
2: FRESET is set while in Configuration mode and is automatically cleared in Normal mode.
3: This bit is updated when a message completes (or aborts) or when the FIFO is reset.
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REGISTER 56-17: CFDxFIFOCONnN: FIFO CONTROL REGISTER (‘x’ = 1-4; ‘n’ = 1-31) (CONTINUED)
bit 20-16 TXPRI<4:0>: Message Transmit Priority bits (EXPANDED)

bit 15-11
bit 10

bit 9

bit 8

bit 7

bit 6

bit 5

bit 4

bit 3

Note 1:
2:
3:

11111 = Highest Message Priority

00000 = Lowest Message Priority
Unimplemented: Read as ‘0’

FRESET: FIFO Reset bit(?)

1 = FIFO will be reset when bit is set; cleared by hardware when FIFO is reset. User should poll whether
this bit is clear before taking any action

0 = No effect

TXREQ: Message Send Request bit(3)

TXEN = 1: (FIFO configured as a Transmit FIFO)

1 = Requests sending a message; the bit will automatically clear when all the messages queued in the
FIFO are successfully sent

0 = Clearing the bit to ‘0’ while set (‘1’) will request a message abort.

TXEN = 0: (FIFO configured as a Receive FIFO)

This bit has no effect.

UINC: Increment Head / Tail bit

TXEN = 1: (FIFO configured as a Transmit FIFO)

When this bit is set, the FIFO head will increment by a single message

TXEN = 0: (FIFO configured as a Receive FIFO)

When this bit is set, the FIFO tail will increment by a single message

TXEN: TX / RX Buffer Selection bit(!)

1 = Transmit Message Object
0 = Receive Message Object

RTREN: Auto RTR Enable bit

1 = When a remote transmit is received, TXREQ will be set.

0 = When a remote transmit is received, TXREQ will be unaffected.
RXTSEN: Received Message Time Stamp Enable bit(1)

1 = Capture time stamp in received message object in RAM.
0 = Don’t capture time stamp.

Note: Change only in Configuration mode, since it is used for address calculation.

TXATIE: Transmit Attempts Exhausted Interrupt Enable bit
1 = Enable interrupt

0 = Disable interrupt

RXOVIE: Overflow Interrupt Enable bit

1 = Interrupt enabled for overflow event
0 = Interrupt disabled for overflow event

This bit can only be modified in Configuration mode ((OPMOD<2:0> bits (CFDxCON<23:21>) = 100).
FRESET is set while in Configuration mode and is automatically cleared in Normal mode.
This bit is updated when a message completes (or aborts) or when the FIFO is reset.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-17: CFDxFIFOCONnN: FIFO CONTROL REGISTER (X’ = 1-4; ‘n’ = 1-31) (CONTINUED)

bit 2 TFERFFIE: Transmit/Receive FIFO Empty/Full Interrupt Enable bit
TXEN = 1: (FIFO configured as a Transmit FIFO)
Transmit FIFO Empty Interrupt Enable
1 = Interrupt enabled for FIFO empty
0 = Interrupt disabled for FIFO empty

TXEN = 0: (FIFO configured as a Receive FIFO)

Receive FIFO Full Interrupt Enable
1 = Interrupt enabled for FIFO full
0 = Interrupt disabled for FIFO full

bit 1 TFHRFHIE: Transmit/Receive FIFO Half Empty/Half Full Interrupt Enable bit
TXEN = 1: (FIFO configured as a Transmit FIFO)
Transmit FIFO Half Empty Interrupt Enable
1 = Interrupt enabled for FIFO half empty
0 = Interrupt disabled for FIFO half empty
TXEN = 0: (FIFO configured as a Receive FIFO)

Receive FIFO Half Full Interrupt Enable
1 = Interrupt enabled for FIFO half full
0 = Interrupt disabled for FIFO half full

bit 0 TFNRFNIE: Transmit/Receive FIFO Not Full/Not Empty Interrupt Enable bit
TXEN = 1: (FIFO configured as a Transmit FIFO)
Transmit FIFO Not Full Interrupt Enable
1 = Interrupt enabled for FIFO not full
0 = Interrupt disabled for FIFO not full
TXEN = 0: (FIFO configured as a Receive FIFO)

Receive FIFO Not Empty Interrupt Enable
1 = Interrupt enabled for FIFO not empty
0 = Interrupt disabled for FIFO not empty

Note 1: This bit can only be modified in Configuration mode ((OPMOD<2:0> bits (CFDxCON<23:21>) = 100).
2: FRESET is set while in Configuration mode and is automatically cleared in Normal mode.
3: This bit is updated when a message completes (or aborts) or when the FIFO is reset.
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REGISTER 56-18: CFDxFIFOSTAn: FIFO STATUS REGISTER
(%’ = 1-4; ‘0’ = 1-31)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
U-0 U-0 U-0 U-0 U-0 uU-0 uU-0 U-0
31:24 - - - — _— - - —
U-0 U-0 U-0 U-0 U-0 uU-0 uU-0 U-0
23:16 — — — — — — — —
15:8 U-0 uU-0 U-0 R-0 R-0 R-0 R-0 R-0
' — — — FIFOCI<4:0>("
7:0 R-0 R-0 R-0 HS/C-0 HS/C-0 R-0 R-0 R-0
: TXABTZ3) [ TXLARB®@3) | TXERRZ3) | TXATIF RXOVIF | TFERFFIF | TFHRFHIF | TFNRFNIF
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 31-13 Unimplemented: Read as ‘0’
bit 12-8  FIFOCI<4:0>: FIFO Message Index bits(!)
TXEN = 1: (FIFO configured as a Transmit Buffer)
Aread of this register will return an index to the message that the FIFO will next attempt to transmit.
TXEN = 0: (FIFO configured as a Receive Buffer)
A read of this register will return an index to the message that the FIFO will use to save the next message.
bit 7 TXABT: Message Aborted Status bit(3:3)

1 = Message was aborted
0 = Message completed successfully

bit 6 TXLARB: Message Lost Arbitration Status bit(%3)

1 = Message lost arbitration while being sent
0 = Message did not loose arbitration while being sent

bit 5 TXERR: Error Detected During Transmission bit(2:3)

1 = A bus error occurred while the message was being sent
0 = Abus error did not occur while the message was being sent

bit 4 TXATIF: Transmit Attempts Exhausted Interrupt Pending bit
TXEN = 1: (FIFO configured as a Transmit Buffer)
1 = Interrupt pending
0 = Interrupt Not pending
TXEN = 0: (FIFO configured as a Receive Buffer)
Unused, read as ‘0’
bit 3 RXOVIF: Receive FIFO Overflow Interrupt Flag bit
TXEN = 1: (FIFO configured as a Transmit Buffer)
Unused, read as ‘0’
TXEN = 0: (FIFO configured as a Receive Buffer)

1 = Overflow event has occurred
0 = No overflow event occurred

Note 1: FIFOCI<4:0> gives a zero-indexed value to the message in the FIFO. If the FIFO is four messages deep
(FSIZE = 5’h03), FIFOCI will take on a value of 0 to 3 depending on the state of the FIFO.

2: This bit is reset on any read of this register or when the Transmit Queue is reset.
3: This bit is updated when a message completes (or aborts) or when the FIFO is reset.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-18: CFDxFIFOSTAnN: FIFO STATUS REGISTER
(‘> =1-4; ‘n’ = 1-31) (CONTINUED)
bit 2 TFERFFIF: Transmit/Receive FIFO Empty/Full Interrupt Flag bit
TXEN = 1: (FIFO configured as a Transmit FIFO)
Transmit FIFO Empty Interrupt Flag

1 =FIFO is empty

0 = FIFO is not empty, at least 1 message queued to be transmitted
TXEN = 0: (FIFO configured as a Receive FIFO)

Receive FIFO Full Interrupt Flag

1 =FIFO is full

0 = FIFO is not full

bit 1 TFHRFHIF: Transmit/Receive FIFO Half Empty/Half Full Interrupt Flag bit
TXEN = 1: (FIFO configured as a Transmit FIFO)

Transmit FIFO Half Empty Interrupt Flag

1 = FIFO is less than or equal to half full

0 = FIFO is greater than half full

TXEN = 0: (FIFO configured as a Receive FIFO)
Receive FIFO Half Full Interrupt Flag

1 = FIFO is greater than or equal to half full
0 = FIFO is less than half full

bit 0 TFNRFNIF: Transmit/Receive FIFO Not Full/Not Empty Interrupt Flag bit
TXEN = 1: (FIFO configured as a Transmit FIFO)
Transmit FIFO Not Full Interrupt Flag

1 =FIFQOis not full

0 =FIFO is full

TXEN = 0: (FIFO configured as a Receive FIFO)
Receive FIFO Not Empty Interrupt Flag

1 = FIFO is not empty (has at least one message)
0 = FIFO is empty

Note 1: FIFOCI<4:0> gives a zero-indexed value to the message in the FIFO. If the FIFO is four messages deep
(FSIZE = 5’h03), FIFOCI will take on a value of 0 to 3 depending on the state of the FIFO.

2: This bit is reset on any read of this register or when the Transmit Queue is reset.
3: This bit is updated when a message completes (or aborts) or when the FIFO is reset.
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REGISTER 56-19: CFDxTEFCON: TRANSMIT EVENT FIFO CONTROL REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
] U-0 U-0 U-0 R/W-0 RIW-0 RIW-0 R/W-0 R/W-0
31:24 — — — FSIZE<4:0>(1
U-0 u-0 u-0 u-0 u-0 U-0 u-0 u-0
23:16 — — — — — — — —
] U-0 u-0 u-0 u-0 u-o S, HC-1 u-0 S, HC-0
158 — — — — — FRESET — UINC
] U-0 u-0 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0
0 — — TEFTSEN( — TEFOVIE | TEFFIE TEFHIE | TEFNEIE
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 31-29 Unimplemented: Read as ‘0’
bit 28-24 FSIZE<4:0>: FIFO Size bits(")
11111 = FIFO is 32 Messages deep

00010 = FIFO is 3 Messages deep
00001 = FIFO is 2 Messages deep
00000 = FIFO is 1 Message deep

bit 23-11 Unimplemented: Read as ‘0’
bit 10 FRESET: FIFO Reset bit

1 = FIFO will be reset when bit is set, cleared by hardware when FIFO is reset. The user should poll this bit
is clear before taking any action
0 = No effect

bit 9 Unimplemented: Read as ‘0’
bit 8 UINC: Increment Tail bit
When this bit is set the FIFO tail will increment by a single message
bit 7-6 Unimplemented: Read as ‘0’
bit 5 TEFTSEN: Transmit Event FIFO Time Stamp Enable bit(")

1 = Time stamp elements in TEF
0 = Do not time stamp elements in TEF

bit 4 Unimplemented: Read as ‘0’
bit 3 TEFOVIE: Transmit Event FIFO Overflow Interrupt Enable bit

1 = Interrupt enabled for overflow event
0 = Interrupt disabled for overflow event

bit 2 TEFFIE: Transmit Event FIFO Full Interrupt Enable bit

1 = Interrupt enabled for FIFO full
0 = Interrupt disabled for FIFO full

bit 1 TEFHIE: Transmit Event FIFO Half Full Interrupt Enable bit

1 = Interrupt enabled for FIFO half full
0 = Interrupt disabled for FIFO half full

bit 0 TEFNEIE: Transmit Event FIFO Not Empty Interrupt Enable bit

1 = Interrupt enabled for FIFO not empty
0 = Interrupt disabled for FIFO not empty

Note 1: These bits can only be modified in Configuration mode (OPMOD<2:0> bits (CFDxCON<23:21>) = 100).
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REGISTER 56-20: CFDxTEFSTA: TRANSMIT EVENT FIFO STATUS REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
u-0 u-o u-o u-0 u-o u-o u-0 u-o
31:24
u-0 u-0 u-o u-0 u-0 u-0 u-0 u-0
23:16
u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
15:8
70 u-0 u-o u-0 u-0 HS, C-0 R-0 R-0 R-0
' — — — — TEFOVIF | TEFFIFM | TEFHIF® | TEFNEIF(
Legend: C = Clearable bit HS = Set by hardware
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 31-4
bit 3

Unimplemented: Read as ‘0’

TEFOVIF: Transmit Event FIFO Overflow Interrupt Flag bit

1 = Overflow event has occurred

0 = No overflow event has occurred

TEFFIF: Transmit Event FIFO Full Interrupt Flag bit(")

1 =FIFO is full

0 = FIFO is not full

TEFHIF: Transmit Event FIFO Half Full Interrupt Flag bit(")

1 = FIFO is greater than or equal to half full

0 = FIFO is less than half full

TEFNEIF: Transmit Event FIFO Not Empty Interrupt Flag bit(1)

1 = FIFO is not empty (has at least one message)
0 = FIFO is empty

bit 2

bit 1

bit 0

Note 1: This bit is readOonly and reflects the status of the FIFO.
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REGISTER 56-21: CFDxFIFOUAn: DEFINITION REGISTER (X’ = 1-4; ‘n’ = 1-31)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
3124 R-x R-x R-x R-x R-x R-x R-x R-x

’ FIFOUA<31:24>
R-x | R-x | R-x | R-x | R-x | R-x | R-x | R-x
23:16
FIFOUA<23:16>
R-x | R-x | R-x | R-x | R-x | R-x | R-x | R-x
15:8
FIFOUA<15:8>
R-x | R-x | R-x | R-x | R-x | R-x | R-x | R-x
7:0
FIFOUA<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-0 FIFOUA<31:0>: FIFO User Address bits

TXEN = 1: (FIFO configured as a Transmit Buffer)

Aread of this register will return the address where the next message is to be written (FIFO head).
TXEN = 0: (FIFO configured as a Receive Buffer)

A read of this register will return the address where the next message is to be read (FIFO tail).

Note 1: This register is not guaranteed to read correctly in Configuration Mode and should only be accessed when

the module is not in Configuration Mode.

2: This register provides the byte address in the message memory of the next element in the FIFO. The
application uses this address directly to access RAM.
- For a RX FIFO, the address points to the next element the application should read from
- For a TX FIFO, the address points to the next element, the application should write to
After accessing this register, the user application must set the UINC bit in the CFDxFIFOCONN register,
which will update the FIFO pointer.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-22: CFDxTEFUA: TRANSMIT EVENT FIFO USER ADDRESS REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
3124 R-x R-x R-x R-x R-x R-x R-x R-x
’ TEFUA<31:24>
2316 R-x R-x | R-x | R-x | R-x | R-x R-x R-x
’ TEFUA<23:16>
R-x R-x | R-x | R-x | R-x | R-x R-x R-x
15:8
TEFUA<15:8>
R-x R-x | R-x | R-x | R-x | R-x R-x R-x
7:0
TEFUA<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-0 TEFUA<31:0>: Transmit Event FIFO User Address bits
A read of this register will return the address where the next event is to be read (FIFO tail).

Note 1:

This register is not guaranteed to read correctly in Configuration Mode and should only be accessed when

the module is not in Configuration Mode.

Elements in the Transmit Event FIFO can be accessed through this register. The register provides the byte
address in the message memory of the next element in the buffer. The application uses this address
directly to access RAM. The address points to the next element the application should read from. After
accessing this register, the user application must set the UINC bit in the CFDXTEFCON register, which will

update the FIFO pointer.
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REGISTER 56-23: CFDxTXQUA: TRANSMIT QUEUE USER ADDRESS REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
3124 R-x R-x R-x R-x R-x R-x R-x R-x
’ TXQUA<31:24>
R-x R-x | R-x | R-x | R-x | R-x R-x R-x
23:16
TXQUA<23:16>
R-x R-x | R-x | R-x | R-x | R-x R-x R-x
15:8
TXQUA<15:8>
R-x R-x | R-x | R-x | R-x | R-x R-x R-x
7:0
TXQUA<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-0 TXQUA<31:0>: Transmit Queue User Address bits
A read of this register will return the address where the next message is to be written (Transmit Queue

head).

Note 1:

This register is not guaranteed to read correctly in Configuration Mode and should only be accessed when
the module is not in Configuration Mode.

Elements in the Transmit Queue can be accessed through this register. The register provides the byte
address in the message memory of the next element in the Transmit Queue. The application uses this
address directly to access RAM. The address points to the next element, the application should write to.

After accessing this register, the user application must set the UINC bit in the CFDxTXQCON register,
which will update the TXQ pointer.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-24: CFDxTREC: TRANSMIT/RECEIVE ERROR COUNT REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
3124 U-0 u-0 u-0 U-0 u-0 u-0 U-0 u-0
u-0 u-0 R-1 R-0 R-0 R-0 R-0 R-0
23:16 — — TXBO TXBP RXBP TXWARN | RXWARN EWARN
R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
15:8 TERRCNT<7:0>
_ R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
70 RERRCNT<7:0>
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 31-22 Unimplemented: Read as ‘0’

bit 21 TXBO: Transmitter in Error State Bus Off bit (TERRCNT > 255)
In Configuration mode, TXBO is set, since the CAN FD module is not on the bus.
1 = Indicates that the number of transmit errors is greater than 255. As a result, the CAN FD module will
automatically enter Bus Off mode.
0 = Indicates that transmit errors are less than 255
bit 20 TXBP: Transmitter in Error State Bus Passive bit (TERRCNT > 127)
1 = Indicates that the number of transmit errors is greater than 127. As a result, the CAN FD module will
automatically enter Bus Passive mode.
0 = Indicates that transmit errors are less than or equal to 127
bit 19 RXBP: Receiver in Error State Bus Passive bit (RERRCNT > 127)
1 = Indicates that the number of receive errors is greater than 127. As a result, the CAN FD module will
automatically enter Bus Passive mode.
0 = Indicates that transmit errors are less than or equal to 127
bit 18 TXWARN: Transmitter in Error State Warning bit (128 > TERRCNT > 95)
1 = Indicates that the number of transmit errors are less than 128, but are greater than 95.
0 = Indicates that transmit errors are greater than or equal to 95
bit 17 RXWARN: Receiver in Error State Warning bit (128 > RERRCNT > 95)
1 = Indicates that the number of receives errors is less than 128, but are greater than 95.
0 = Indicates that receive errors are greater than or equal to 95
bit 16 EWARN: Transmitter or Receiver is in Error State Warning bit
1 = TXWARN or RXWARN is set
0 = No transmit or receive warnings
Note:  Separate error counters for arbitration and data phase; receive and transmit:

» Successful message counter
» Keep track of received ESI, (Error State Indicator)
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REGISTER 56-24: CFDxTREC: TRANSMIT/RECEIVE ERROR COUNT REGISTER (‘x’ = 1-4)
(CONTINUED)

bit 15-8 TERRCNT<7:0>: Transmit Error Counter bits

11111111 = Greater than or equal to 255 Transmit errors. The TXBO bit is equal to ‘1’ if the
TERRCNT<7:0> bits are greater than 255.
11111110 =254 Transmit errors

00000001 =1 transmit error
00000000 = No transmit errors

Note:  The following conditions apply:

* 1f 128 > TERRCNT > 95, the TXWARN bit = 1
* If TERRCNT > 95, the TXBP bit = 1 and TX enters Bus Passive mode

* If TERRCNT > 255, the TXBO and CERRIF bits are set and the CAN FD module enters
Bus Off mode. Once in Bus Off mode, the TERRCNT bit is loaded with value 128 to initiate
bus off recovery sequence, that is awaiting detection of 128 bus idle occurrences.

* Read the status of the TXBO (CFDxTREC<21>) bit to determine if the transmitter is in Bus
Off state.

bit 7-0 RERRCNT<7:0>: Receive Error Counter bits

11111111 = Greater than or equal to 255 Receive errors
11111110 = 254 receive errors

00000001 = 1 receive error
00000000 = No receive errors

Note:  The following conditions apply:

+ If RERRCNT > 127, the RXBP bit = 1
+ 1f 128 > RERRCNT > 95, the RXWARN bit = 1

Note:  Separate error counters for arbitration and data phase; receive and transmit:
* Successful message counter
» Keep track of received ESI, (Error State Indicator)
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REGISTER 56-25: CFDxBDIAGO0: BUS DIAGNOSTICS REGISTER 0 (X’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
31:24 DTERRCNT<7:0>
2316 R/W-0 RIW-0 RW-0 | RwWo [ RWoO RIW-0 RIW-0 RIW-0
' DRERRCNT<7:0>
15:8 R/W-0 R/W-0 R/W-0 | R/W-0 | R/W-0 R/W-0 R/W-0 R/W-0
' NTERRCNT<7:0>
70 R/W-0 R/W-0 R/W-0 | R/W-0 | R/W-0 R/W-0 R/W-0 R/W-0
' NRERRCNT<7:0>
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 31-24
bit 23-16
bit 15-8
bit 7-0

DTERRCNT<7:0>: Data Bit Rate Transmit Error Counter bits
DRERRCNT<7:0>: Data Bit Rate Receive Error Counter bits
NTERRCNT<7:0>: Nominal Bit Rate Transmit Error Counter bits
NRERRCNT<7:0>: Nominal Bit Rate Receive Error Counter bits

Note:

This register keeps track of bus errors during nominal and data bit rate phases, separately. These counters

work differently than in the CFDxTREC register:

» Counters are incremented (+1) on any bus error
» Counters are not decremented
» Counters are cleared on a register read

© 2018 Microchip Technology Inc.
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REGISTER 56-26: CFDxBDIAG1: BUS DIAGNOSTICS REGISTER 1 (X’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
3124 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0

' DLCMM ESI DCRCERR | DSTUFERR | DFORMERR — DBIT1ERR | DBITOERR
2316 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/IW-0 R/W-0
' TXBOERR — NCRCERR | NSTUFERR | NFORMERR | NACKERR | NBIT1ERR | NBITOERR
15:8 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
’ EFMSGCNT<15:8>
70 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
' EFMSGCNT<7:0>
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 31 DLCMM: Data Length Code (DLC) Mismatch Status bit
1 = Payload size error. During a transmission or reception the Data Length Code exceeds the payload size
of the FIFO element defined in the PLSIZE<2:0> bits (CFDxFIFOCONN<31:29>).
0 = No payload size error occurred
bit 30 ESI: Error State Indicator (ESI) Flag Status bit
1 = ESI flag of a received CAN FD message was set
0 = ESI flag of a received CAN FD message was not set
bit 29 DCRCERR: Data CRC Error Status bit
1 = CRC checksum of a received message was incorrect. The CRC of an incoming message does not
match with the CRC calculated from the received data
0 = No received message data CRC error occurred
bit 28 DSTUFERR: Data Stuffing Error Status bit
1 = More than five equal bits in a sequence have occurred in a portion of a received message where this is
not allowed
0 = No data received message errors
bit 27 DFORMERR: Data Format Error Status bit
1 = Data fixed format portion of a received frame has the wrong format
0 = No format errors occurred
bit 26 Unimplemented: Read as ‘0’
bit 25 DBIT1ERR: Data Bit Logical ‘1’ Error Status bit
1 = During the data transmission of a message (with the exception of the arbitration field), the device wanted
to send a recessive level (bit of logical value ‘1’), but the monitored bus value was dominant.
0 = No data logical ‘1’ bit transmission error occurred
Note:  This register shows the type of errors that occurred since the last read. Corresponding bits are set when

an error occurs, but all bits are cleared on any read or R-M-W bit manipulation instruction. Errors are sep-
arately tracked for data and nominal bit rate phases. The Error Free Message Counter bits
(EFMSGCNT<15:0>), together with the Error Counters and the Error Flags can be used to determine the
quality of the bus.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-26: CFDxBDIAG1: BUS DIAGNOSTICS REGISTER 1 (‘x’ = 1-4) (CONTINUED)

bit 24 DBITOERR: Data Bit Logical ‘0’ Error Status bit
1 = During the data transmission of a message (or acknowledge bit, or active error flag, or overload flag),
the device wanted to send a dominant level (data or identifier bit logical value ‘0’), but the monitored bus
value was recessive. During Bus Off recovery, this status is set each time a sequence of 11 recessive
bits has been monitored. This enables the CPU to monitor the proceeding of the Bus Off recovery
sequence (indicating the bus is not stuck at dominant or continuously disturbed).
0 = No data logical ‘0’ bit transmission error occurred
bit 23 TXBOERR: Transmit Bus Off Error Status bit
1 = Transmit error occurred and device enter Bus Off mode and automatically recovered
0 = No transmit Bus Off error occurred
bit 22 Unimplemented: Read as ‘0’
bit 21 NCRCERR: Nominal CRC Error Status bit
1 = The CRC checksum of a nominal received message was incorrect. The CRC of an incoming nominal
message does not match with the CRC calculated from the received data.
0 = No nominal CRC received message error occurred
bit 20 NSTUFERR: Nominal Stuffing Error Status bit
1 = More than five equal bits in a sequence have occurred in a part of a nominal received message where
this is not allowed
0 = No nominal bit stuffing errors have occurred
bit 19 NFORMERR: Nominal Format Error Status bit
1 = Afixed format portion of a nominal received frame has the wrong format
0 = No nominal format error occurred
bit 18 NACKERR: Not Acknowledged Error Status bit
1 = Atransmitted message was not acknowledged
0 = Atransmitted message was acknowledged
bit 17 NBIT1ERR: Nominal Bit Logical ‘1’ Error Status bit
1 = During the transmission of a nominal message (with the exception of the arbitration field), the device
wanted to send a recessive level (bit of logical value ‘1’), but the monitored bus value was dominant
0 = No nominal bit logical ‘1’ error occurred
bit 16 NBITOERR: Nominal Bit Logical ‘0’ Error Status bit
1 = During the transmission of a nominal message (or acknowledge bit, or active error flag, or overload flag),
the device wanted to send a dominant level (data or identifier bit logical value ‘0’), but the monitored bus
value was recessive. During Bus Off recovery, this status is set each time a sequence of 11 recessive
bits has been monitored. This enables the CPU to monitor the proceeding of the Bus Off recovery
sequence (indicating the bus is not stuck at dominant or continuously disturbed).
0 = No nominal bit logical ‘0’ error occurred
bit 15-0 EFMSGCNT<15:0>: Error Free Message Counter Status bits
1111111111111111 =65,536 error free messages since the last register read
0000000000000000 = 0 error free messages since the last register read
Note: The EFMSGCNT<15:0> bits increment on any error free message on the bus. These bits are
cleared on any read of this register.
Note:  This register shows the type of errors that occurred since the last read. Corresponding bits are set when

an error occurs, but all bits are cleared on any read or R-M-W bit manipulation instruction. Errors are sep-
arately tracked for data and nominal bit rate phases. The Error Free Message Counter bits
(EFMSGCNT<15:0>), together with the Error Counters and the Error Flags can be used to determine the
quality of the bus.
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REGISTER 56-27: CFDxFLTCONO: FILTER CONTROL REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
R/W-0 U-0 U-0 R/W-0 RIW-0 RIW-0 R/W-0 R/W-0
3124 T rTENa — — F3BP<4:0>()
2316 R/W-0 U-0 U-0 R/W-0 RW-0 | Rwo | RW0 RIW-0
' FLTEN2 — — F2BP<4:0>(1)
15:8 RIW-0 U-0 U-0 RIW-0 RW0 [ Rwo | Rweo RIW-0
' FLTEN1 — — F1BP<4:0>(1)
-0 R/W-0 U-0 u-0 R/W-0 RW0 [ Rwo | Rwe RIW-0
' FLTENO — — FOBP<4:0>(1)
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 31 FLTENS3: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled
0 = Filter is disabled

Unimplemented: Read as ‘0’

F3BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 30-29
bit 28-24

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN2: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F2P<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 23

bit 22-21
bit 20-16

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN1 Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

bit 15

bit 14-13

Note 1:

These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONR) = 0).
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-27: CFDxFLTCONO: FILTER CONTROL REGISTER (X’ = 1-4) (CONTINUED)

bit 12-8

bit 7

bit 6-5
bit 4-0

Note 1:

F1BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTENO: Enable Filter n to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

FOBP<4:0>: Pointer to Object when Filter ‘n’ hits bits (1)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2
00001 = Message matching filter is stored in Object 1
00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.

These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONR) = 0).
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REGISTER 56-28: CFDxFLTCON1: FILTER CONTROL REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
RIW-0 U-0 U-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0
3124 T rTENT — — F7BP<4:0>()
2316 R/W-0 U-0 U-0 R/W-0 RW-0 | Rwo | RW0 RIW-0
' FLTENG — — F6BP<4:0>(1)
15:8 RIW-0 U-0 U-0 RIW-0 RW0 [ Rwo | Rweo RIW-0
' FLTEN5 — — F5BP<4:0>(1)
-0 R/W-0 U-0 u-0 R/W-0 RW0 [ Rwo | Rwe RIW-0
' FLTEN4 — — F4BP<4:0>(1)
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 31 FLTEN7: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled
0 = Filter is disabled

Unimplemented: Read as ‘0’

F7BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 30-29
bit 28-24

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTENG6: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F6P<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 23

bit 22-21
bit 20-16

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTENS Enable Filter ‘'n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

bit 15

bit 14-13

Note 1:

These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONR) = 0).
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-28: CFDxFLTCON1: FILTER CONTROL REGISTER (‘x’ = 1-4) (CONTINUED)
bit 12-8  F5BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
bit 7 FLTEN4: Enable Filter n to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled
bit 6-5 Unimplemented: Read as ‘0’

bit4-0  F4BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(")

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2
00001 = Message matching filter is stored in Object 1
00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.

Note 1: These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONnN) = 0).
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REGISTER 56-29: CFDxFLTCON2: FILTER CONTROL REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
RIW-0 U-0 U-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0
3124 R TENT — — F11BP<4:0>()
RIW-0 u-0 Uu-0 RIW-0 R/W-0 | RIW-0 RIW-0 RIW-0
2316 e TENT0 — — F10BP<4:0>(1)
RIW-0 Uu-0 Uu-0 RIW-0 RIW-0 | RIW-0 RIW-0 RIW-0
158 T ETENS — — F9BP<4:0>(1)
-0 R/W-0 U-0 u-0 R/W-0 RW0 [ Rwo | Rwe RIW-0
' FLTENS — — F8BP<4:0>(1)
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 31 FLTEN11: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled
0 = Filter is disabled

Unimplemented: Read as ‘0’

F11BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 30-29
bit 28-24

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN10: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F10P<4:0>: Pointer to Object when Filter ‘n’ hits bits(?)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 23

bit 22-21
bit 20-16

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN9 Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

bit 15

bit 14-13

Note 1:

These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONR) = 0).
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-29: CFDxFLTCON2: FILTER CONTROL REGISTER (‘x’ = 1-4) (CONTINUED)
bit 12-8  F9BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
bit 7 FLTENS: Enable Filter n to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled
bit 6-5 Unimplemented: Read as ‘0’

bit4-0  F8BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(")

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2
00001 = Message matching filter is stored in Object 1
00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.

Note 1: These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONnN) = 0).

© 2018 Microchip Technology Inc. Preliminary DS60001549A-page 56-61



PIC32 Family Reference Manual

REGISTER 56-30: CFDxFLTCON3: FILTER CONTROL REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
3124 e TENts — — F15BP<4:0>(1)
R/W-0 U-0 U-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
2316 T oTENa — — F14BP<4:0>(1)
R/W-0 U-0 uU-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
198 ETENTS — — F13BP<4:0>(1)
] R/W-0 U-0 U-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
70 FLTEN12 - - F12BP<4:0>(1)
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 31 FLTEN15: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled
0 = Filter is disabled

Unimplemented: Read as ‘0’

F15BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(")

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 30-29
bit 28-24

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN14: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F14P<4:0>: Pointer to Object when Filter ‘n’ hits bits(")

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 23

bit 22-21
bit 20-16

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN13 Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

bit 15

bit 14-13

Note 1: These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONnN) = 0).
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-30: CFDxFLTCON3: FILTER CONTROL REGISTER (x’ = 1-4) (CONTINUED)

bit 12-8

bit 7

bit 6-5
bit 4-0

Note 1:

F13BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN12: Enable Filter n to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F12BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(1)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2
00001 = Message matching filter is stored in Object 1
00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.

These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONR) = 0).
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REGISTER 56-31: CFDxFLTCON4: FILTER CONTROL REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
3124 e TENTe — — F19BP<4:0>(1)
R/W-0 U-0 U-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
2316 o TENTs — — F18BP<4:0>(1
R/W-0 U-0 uU-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
198 I FTENTT — — F17BP<4:0>(1)
] R/W-0 U-0 U-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
70 FLTEN16 - - F16BP<4:0>(1)
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 31 FLTEN19: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled
0 = Filter is disabled

Unimplemented: Read as ‘0’

F19BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(")

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 30-29
bit 28-24

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN18: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F18P<4:0>: Pointer to Object when Filter ‘n’ hits bits(?)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 23

bit 22-21
bit 20-16

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN17 Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

bit 15

bit 14-13

Note 1: These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONnN) = 0).
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-31: CFDxFLTCON4: FILTER CONTROL REGISTER (X’ = 1-4) (CONTINUED)

bit 12-8

bit 7

bit 6-5
bit 4-0

Note 1:

F17BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN16: Enable Filter n to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F16BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(1)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2
00001 = Message matching filter is stored in Object 1
00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.

These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONR) = 0).
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REGISTER 56-32: CFDxFLTCONS5: FILTER CONTROL REGISTER (X’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
R/W-0 u-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
31:24 T F TEN2S — — F23BP<4:0>(1)
R/W-0 u-0 u-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
2316 e TEN22 — — F22BP<4:0>(1)
RIW-0 u-0 u-0 RIW-0 RW-0 | RW-0 RIW-0 RW-0
198 ETEN2T — — F21BP<4:0>(1)
_ R/W-0 u-0 u-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
70 FLTEN20 — — F20BP<4:0>(1)
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 31 FLTEN23: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled
0 = Filter is disabled

Unimplemented: Read as ‘0’

F23BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(")

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 30-29
bit 28-24

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN22: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F22P<4:0>: Pointer to Object when Filter ‘n’ hits bits(")

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 23

bit 22-21
bit 20-16

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN21 Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

bit 15

bit 14-13

Note 1: These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONnN) = 0).
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-32: CFDxFLTCONS5: FILTER CONTROL REGISTER (X’ = 1-4) (CONTINUED)

bit 12-8

bit 7

bit 6-5
bit 4-0

Note 1:

F21BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN20: Enable Filter n to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F20BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2
00001 = Message matching filter is stored in Object 1
00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.

These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONR) = 0).
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REGISTER 56-33: CFDxFLTCONG: FILTER CONTROL REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
3124 rTENgT — — F27BP<4:0>(1)
R/W-0 U-0 U-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
2316 o TENze — — F26BP<4:0>(1
R/W-0 U-0 uU-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
198 I TENZS — — F25BP<4:0>(1)
] R/W-0 U-0 U-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
70 FLTEN24 - - F24BP<4:0>(1)
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 31 FLTEN27: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled
0 = Filter is disabled

Unimplemented: Read as ‘0’

F27P<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 30-29
bit 28-24

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN26: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F25P<4:0>: Pointer to Object when Filter ‘n’ hits bits(?)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 23

bit 22-21
bit 20-16

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN25 Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

bit 15

bit 14-13

Note 1: These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONnN) = 0).
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

REGISTER 56-33: CFDxFLTCONG: FILTER CONTROL REGISTER (x’ = 1-4) (CONTINUED)

bit 12-8

bit 7

bit 6-5
bit 4-0

Note 1:

F25BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN24: Enable Filter n to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F24BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(1)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2
00001 = Message matching filter is stored in Object 1
00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.

These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONR) = 0).
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REGISTER 56-34: CFDxFLTCON7: FILTER CONTROL REGISTER (‘x’ = 1-4)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
3124 I TENGT — — F31BP<4:0>(1)
R/W-0 U-0 U-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
2316 o TENg0 — — F30BP<4:0>(1
R/W-0 U-0 uU-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
198 I TENZ9 — — F29BP<4:0>(1)
] R/W-0 U-0 U-0 R/W-0 R/W-0 | R/W-0 R/W-0 R/W-0
70 FLTEN28 - - F28BP<4:0>(1)
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown

bit 31 FLTEN31: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled
0 = Filter is disabled

Unimplemented: Read as ‘0’

F31BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(")

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 30-29
bit 28-24

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN30: Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F30P<4:0>: Pointer to Object when Filter ‘n’ hits bits(?)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

bit 23

bit 22-21
bit 20-16

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN29 Enable Filter ‘n’ to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

bit 15

bit 14-13

Note 1: These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONnN) = 0).
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REGISTER 56-34: CFDxFLTCON?7: FILTER CONTROL REGISTER (X’ = 1-4) (CONTINUED)

bit 12-8

bit 7

bit 6-5
bit 4-0

Note 1:

F29BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2

00001 = Message matching filter is stored in Object 1

00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.
FLTEN28: Enable Filter n to Accept Messages bits

1 = Filter is enabled

0 = Filter is disabled

Unimplemented: Read as ‘0’

F28BP<4:0>: Pointer to Object when Filter ‘n’ hits bits(!)

11111 = Message matching filter is stored in Object 31
11110 = Message matching filter is stored in Object 30

00010 = Message matching filter is stored in Object 2
00001 = Message matching filter is stored in Object 1
00000 = Reserved. Object 0 is the TX Queue and cannot receive messages.

These bits can only be modified if the corresponding filter is disabled (FLTENXx bits (CFDxFLTCONR) = 0).
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REGISTER 56-35: CFDxFLTOBJn: FILTER OBJECT REGISTER (‘xX’ = 1-4; ‘n’ = 0-31)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
U0 RIW-0 RIW-0 R/W-0 R/W-0 RIW-0 R/W-0 R/W-0
31:24 — EXIDE SID11 EID<17:13>
2316 R/W-0 RIW-0 RIW-0 RW-0 |  RW-0 RW-0 | Rwo [ RWoO
' EID<12:5>
158 Rwo | Rwo | Rwo [ Rwo | Rwo RWo | Rwo | RWo
’ EID<4:0> SID<10:8>
-0 Rwo | Rwo | Rwo [ Rwo | RWo RWo | Rwo | RWW
' SID<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bitis cleared x = Bit is unknown

bit 31
bit 30

bit 29

bit 28-11

bit 10-0

Unimplemented: Read as ‘0’

EXIDE: Extended Identifier Enable bit

If MIDE = 1:

1 = Match only messages with extended identifier addresses
0 = Match only messages with standard identifier addresses
SID11: Standard Identifier Filter bit

1 = Extended standard identifier to 12-bit (i.e., SID<11:0>)

0 = Do not use extended standard Identifier bits

Note: Standard identifier filter bit RRS in the CAN FD base frame can be used to extend the SID to
12-bit. When enabled, it is referred to as SID11, which is the MSB of SID<11:0>.

EID<17:0>: Extended Identifier Filter bits

In DeviceNet™ mode, these are the filter bits used in conjunction with the Device Net Filter Bit Number bits,
DNCNT<4:0> (CFDxCON<4:0>).

SID<10:0>: Standard Identifier filter bits
These are the standard ID message filter bits.

Note:

This register can only be changed when the filter is disabled (FLTENXx bits (CFDxFLTCONnN) = 0). I
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REGISTER 56-36: CFDxMASKn: MASK REGISTER (‘x’ = 1-4; ‘n’ = 0-31)

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 24/16/8/0
U0 RIW-0 RIW-0 R/W-0 R/W-0 RIW-0 R/W-0 RIW-0
31:24 — MIDE MSID11 MEID<17:13>
2316 R/W-0 RIW-0 RIW-0 RW-0 |  RW-0 RW-0 | Rwo [ RWoO
’ MEID<12:5>
158 RIW-0 RWo [ Rwo | Rwo [ Rweo RWo | Rwo | RW
’ MEID<4:0> MSID<10:8>
-0 R/W-0 RWo [ Rwo | Rwo [ Rwo RWo | Rwo | RW
' MSID<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared x = Bit is unknown

bit 31 Unimplemented: Read as ‘0’
bit 30 MIDE: Identifier Receive Mode bit
1 = Match only message types (standard or extended address) that correspond to EXIDE bit in filter
0 = Match either standard or extended address message if filters match (i.e., if (Filter SID) = (Message SID)
or if (Filter SID/EID) = (Message SID/EID))
bit 29 MSID11: Standard Identifier Mask bit
1 = Enable extended standard identifier mask to 12 bits (MSID<10:0>, MEID<0>)
0 = Do not enable extended standard identifier mask (MSID<10:0>)
bit 28-11 MEID<17:0>: Extended Identifier Mask bits
In DeviceNet™ mode, these are the mask bits for the extended CAN ID, which are the first two data bytes.
bit 10-0 MSID<10:0>: Standard Identifier Mask bits
These are the standard CAN message identifier mask bits.
Note: This register can only be changed when the filter is disabled (FLTENXx bits (CFDxFLTCONnN = 0).
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56.4

MODES OF OPERATION

The Controller Area Network with Flexible Data-rate (CAN FD) has eight modes of operations:
» Configuration mode
* Normal CAN FD mode: Supports mixing of CAN FD and CAN 2.0 messages

* Normal CAN 2.0 mode: Will generate error frames while receiving CAN FD messages. The
FDF bit is forced to zero and only CAN 2.0 frames are sent, even if the FDF bit is set in the
transmit message object.

» Disable mode

 Listen Only mode

» Restricted Operation mode
* Internal Loopback mode

» External Loopback mode

The modes of operations can be grouped into four main groups: Configuration, Normal, Sleep
and Debug (see Figure 56-9).

56.4.1 Mode Change

Figure 56-9 illustrates the possible mode transitions. New modes of operation are requested by
writing to the REQOP<2:0> (CFDxCON<26:24>) bits. The modes of operations do not change
immediately. The modes will only change when the bus is Idle.

The current operating mode is indicated in the OPMOD<2:0> (CFDxCON<23:21>) bits. The
application can enable an interrupt on an OPMODx change or poll the OPMODx bits.
56.4.1.1 CHANGING BETWEEN NORMAL MODES

Directly changing between Normal modes is not allowed. The Configuration mode must be
selected before a new Normal mode can be selected.

56.4.1.2 CHANGING BETWEEN DEBUG MODES

Directly changing between Debug modes is not allowed. The Configuration mode must be
selected before a new Debug mode can be selected.

56.4.1.3 EXITING NORMAL MODE

The device will transition to Configuration or Sleep mode only after the current message is
transmitted.

56.4.1.4 ENTERING AND EXITING DISABLE MODE
The Controller Area Network with Flexible Data-rate (CAN FD) enters Disable mode after a
Sleep mode request. The device exits Disable mode after a mode request.

If WAKIE is set, a dominant edge on CxRX will generate an interrupt. The CPU has to enable
the CAN module by requesting a Normal mode.

56.4.1.5 BUS INTEGRATING MODE

The Controller Area Network with Flexible Data-rate (CAN FD) integrates to the bus, according
to the 1SO11898-1:2015 specifications (eleven consecutive recessive bits), under the following
conditions:

» Change from Configuration mode to one of the Normal modes or Debug modes

» Change from Disable mode to one of the Normal modes
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Figure 56-9: CAN FD
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56.4.2 Configuration Mode

After Reset, the Controller Area Network with Flexible Data-rate (CAN FD) is in Configuration
mode. The error counters are cleared and all registers contain the Reset values.

The Controller Area Network with Flexible Data-rate (CAN FD) has to be initialized before acti-
vation. This is only possible when the module is in Configuration mode, OPMOD<2:0> = 100.
The Configuration mode is requested by setting REQOP<2:0> = 100.

The Controller Area Network with Flexible Data-rate (CAN FD) will protect the user from acci-

dentally violating the CAN protocol through programming errors. The following registers and bit

fields can only be programmed during Configuration mode:

» CFDxCON: WAKFIL, CLKSEL, PXEDIS, ISOCRCEN, TXQEN, STEF, SERRLOM, ESIGM,
RTXAT

* CFDxNBTCFG, CFDxDBTCFG, CFDxTDC

* CFDxTXQCON: PLSIZE<2:0>, FSIZE<4:0>

* CFDxFIFOCONN : TXEN, RXTSEN, PLSIZE<2:0>, FSIZE<4:0>

+ CFDxTEFCON: TEFTSEN, FSIZE<4:0>

+ CFDxFIFOBA

The Controller Area Network with Flexible Data-rate (CAN FD) is not allowed to enter Configu-

ration mode during transmission or reception to prevent the module from causing errors on the

CAN bus. The following registers are reset when exiting Configuration mode:

+ CFDxTREC

+ CFDxBDIAGO

+ CFDxBDIAG1

In Configuration mode, FRESET is set in the CFDxFIFOCON, CFDxTXQCON and CFDxTEF-
CON registers, and all FIFOs and the TXQ are reset.

56.4.3 Normal Modes
56.4.3.1 NORMAL CAN FD MODE

Once the device is configured, Normal Operation mode can be requested by setting
REQOP<2:0> = 000.

In this mode, the device will be on the CAN bus. It can transmit and receive messages in CAN
FD mode, Bit Rate Switching can be enabled, and up to 64 data bytes can be transmitted and
received.

56.4.3.2 NORMAL CAN 2.0 MODE

The Normal CAN 2.0 Operation mode can be requested by setting REQOP<2:0>=110.

In this mode, the device will be on the CAN bus. This is a the Classic CAN 2.0 mode. The
module will not receive CAN FD frames. It might send error frames if CAN FD frames are
detected on the bus. The FDF, BRS and ESI bits in the TX objects will be ignored and
transmitted as ‘0’.

56.4.4 Disable Mode

Disable mode is similar to Configuration mode, except the error counters are not reset. Disable
mode is requested by setting REQOP<2:0> = 001.

The CAN module will not be allowed to enter Disable mode while a transmission or reception is
taking place to prevent causing errors on the CAN bus. The module will enter Disable mode when
the current message completes.

The OPMODXx bits indicate whether the module successfully entered Disable mode. The application
software should use this bit field as a handshake indication for the Disable mode request.

The CxTX pin will stay in the recessive state while the module is in Disable mode to prevent
inadvertent CAN bus errors.
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56.4.5 Debug Modes
56.4.5.1 LISTEN ONLY MODE

Listen Only mode is a variant of Normal CAN FD Operation mode. If the Listen Only mode is
activated, the module on the CAN bus is passive. It will receive messages, but it will not transmit
any bits. TXREQx bits will be ignored. No error flags or Acknowledge signals are sent. The error
counters are deactivated in this state. The Listen Only mode can be used for detecting the baud
rate on the CAN bus. It is necessary that there are at least two further nodes that communicate
with each other. The baud rate can be detected empirically by testing different values until a
message is received successfully. This mode is also useful for monitoring the CAN bus without
influencing it.

56.4.5.2 RESTRICTED OPERATION MODE

In Restricted Operation mode, the node is able to receive data and remote frames, and to
Acknowledge valid frames, but it does not send data frames, remote frames, error frames or
overload frames. In case of an error or overload condition, it does not send dominant bits; instead,
it waits for the bus to enter the Idle condition to resynchronize itself to the CAN communication.
The error counters are not incremented.

56.4.5.3 LOOPBACK MODE

Loopback mode is a variant of Normal CAN FD Operation mode. This mode will allow internal
transmission of messages from the transmit FIFOs to the receive FIFOs. The module does not
require an external Acknowledge from the bus. No messages can be received from the bus,
because the CxRX pin is disconnected.

56.4.54 Internal Loopback Mode

The transmit signal is internally connected to receive and the CxTX pin is driven high.

56.4.5.5 External Loopback Mode

The transmit signal is internally connected to receive and transmit messages can be monitored
on the CxTX pin.

56.4.6 Low-Power Modes
56.4.6.1 SLEEP MODE

In the CAN module, special conditions need to be met for Sleep mode. The module must first be
switched to Disable mode by setting REQOPx = 001. When OPMODx = 001, indicating Disable
mode has been achieved, the CAN FD Protocol Module enters Sleep mode after a Sleep mode
request.

In Sleep mode, the register contents do not change, so the OPMODX bits do not change. At the
end of Sleep, the module will continue in the mode specified by the OPMODXx bits previous to
Sleep mode (which should be Disable mode, OPMODx = 001).

If the user executes a SLEEP instruction without switching to Disable mode, the module
assumes a clock is available to read/write from RAM.

Since the system clock input is not available in Sleep mode, the CAN module cannot run as it
requires a system clock to transmit or receive. Also, the FIFO is in system RAM, which has no
clock in Sleep mode.

Recommended steps:

1.  Write the REQOP<2:0> bits to ‘001’; the module will enter Disable mode.

2. Poll the OPMOD<2:0> bits to verify whether they are ‘001’, which indicates that the
module has successfully entered Disable mode.

3. Execute the SLEEP instruction.
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Figure 56-10:

56.4.6.2 IDLE MODE

The system can be set to run in a lower-power mode, known as Idle mode. When the device is
in Idle mode, the CPU is disabled and only select peripherals are active.

Based on the configuration of the CAN SIDL bit, the module can either be in or out of Idle mode:
« If SIDL = 0, the module continues operation in Idle mode. If the module generates an
interrupt while in Idle mode, the interrupt may generate a wake-up event.

» If SIDL = 1, the module stops when the device is in Idle mode. The module performs the
same procedures when stopped in Idle mode as it does in Disable mode and the same
requirements apply.

The user must ensure that the module is not active when the CPU transitions to Idle mode with
SIDL = 1. To protect the CAN bus system from fatal consequences due to violation of this rule,
the module will drive the TX pin into the recessive state while stopped in Idle mode.

If the CAN SIDL bit is set, the recommended procedure is to bring the module into Disable
mode before the device is placed in Idle mode.

56.4.6.3 WAKE-UP FROM SLEEP

Figure 56-10 illustrates how the CAN module will execute the SLEEP instruction and how the
module wakes up on bus activity. Upon a wake-up from Sleep mode, the WAKIF flag is set.
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The module will monitor the CAN receive line for activity while the module is Sleeping. The
device will generate a wake-up interrupt on the falling edges of CxRX if WAKIE is enabled.

The device will exit Sleep mode after a new mode request or a negative edge on CxRX.
The module will be in Sleep mode if either of the following is true:

* The system is in Sleep mode followed by Disable mode
» The system is in Idle mode with SIDL = 1

Note 1: If the module is in Sleep mode, the module generates an interrupt if the WAKIE bit
(CFDxINT<30>) is set and bus activity is detected. Due to delays in starting up the
oscillator and CPU, the message activity that caused the wake-up will be lost.

2: The module can be programmed to apply a low-pass filter function to the CAN
receive input line while in Disable, Sleep or Idle mode. This feature can be used to
protect the module from wake-up due to short glitches on the CAN bus lines. The
WAKEFIL bit (CFDxCON<8>) enables or disables the filter while the module is in
Sleep.
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56.5 CONFIGURATION
56.5.1 CAN Configuration

The CFDxCON registers contain several bits that can only be configured in Configuration mode.

56.5.2 ISO CRC ENABLE

The module supports ISO CRC (according to 1SO11898-1:2015) and non-ISO CRC (see
56.2.1 “ISO vs. NON-ISO CRC”). ISO CRC is enabled by setting the ISOCRCEN bit.

56.5.3 PROTOCOL EXCEPTION DISABLE

The negative edge between the FDF bit and the “reserved bit” in CAN FD frames is important
for the calculation of the transceiver delay, and for hard synchronization. Therefore, if the
“reserved bit” following the FDF bit is detected recessive, the Controller Area Network with
Flexible Data-rate (CAN FD) will treat this as a form error. This is called, “Protocol Exception
Event Detection Disabled”, and is configured by setting the PXEDIS bit.

The Protocol Exception Event Detection Disabled can be enabled by clearing the PXEDIS bit. As
a reaction to the protocol exception event, the error counters are not changed, hard
synchronization is enabled, the module sends recessive bits and enters the bus integration state.

56.5.4 WAKE-UP FILTER - WFT<1:0>

The WAKEFIL bit is used to enable/disable the low-pass filter on the CxRX pin. The filter is only
active during Sleep mode. The WFTx bits allow the configuration of different filter times.

56.5.5 RESTRICTION OF TRANSMISSION ATTEMPTS

1ISO11898-1:2015 requires that frames that lost arbitration and are not Acknowledged, or are
destroyed by errors, are automatically retransmitted. Optionally, the number of retransmission
attempts can be limited.

When the RTXAT bit is set, retransmission attempts can be limited using the TXAT<1:0> bits in
the FIFO Control registers. If the RTXAT bit is clear, then the TXATx bits in the FIFO Control
register are ignored and the retransmission attempts are unlimited.

56.5.6 ERROR STATE INDICATOR (ESI) IN GATEWAY MODE

Normally, the ESI bit in a transmitted message reflects the error status of the Controller Area Net-
work with Flexible Data-rate (CAN FD). ESI is transmitted recessive when the module is error
passive. In case the module is used in a gateway application, there will be situations where the
ESI bitin the message should be transmitted recessive, even though the gateway module is error
active. This can be configured by setting the ESIGM bit.

56.5.7 MODE SELECTION IN CASE OF SYSTEM ERROR
The SERRLOM bit selects which mode the module will transition to in case of a system error. The
module can either transition to Restricted Operation mode or Listen Only mode.

56.5.8 RESERVING MESSAGE MEMORY FOR TXQ AND TEF

Setting the TXQEN bit will reserve RAM for the TXQ. If the TXQEN bit is cleared, then the TXQ
cannot be used.

Setting the STEF bit will reserve RAM for the TEF and all transmitted messages will be stored in
the TEF.

56.5.9 CAN FD Bit Time Configuration

In order to achieve higher bandwidth, bits in a CAN FD frame are transmitted with two different
bit rates:

» Nominal Bit Rate (NBR): Used during arbitration until the sample point of the BRS bit and
the sample point of the CRC delimiter reach the EOF
» Data Bit Rate (DBR): Used during the data and CRC field
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NBR is limited by the propagation delay of the CAN network (see 56.5.9.2 “Propagation
Delay”). In the data phase, only one transmitter remains; therefore, the bit rate can be increased.
The transmitting node always compares the intended transmitted bits with the actual bits on the
CAN bus. The propagation delay in the data phase can be longer than the bit time. In this case,
the data bits are sampled at a Secondary Sample Point (SSP) (see 56.5.9.3 “Transmitter Delay
Compensation (TDC)”).

NBR is the number of bits per second during the arbitration phase. It is the inverse of the Nominal
Bit Time (NBT) (see Equation 56-1).

Equation 56-1: Nominal Bit Rate/Time

NBR = —L_
NBT

DBR is the number of bits per second during the data phase. It is the inverse of the Data Bit Time
(DBT) (see Equation 56-2).

Equation 56-2: Data Bit Rate/Time

The Baud Rate Prescaler (BRP) is used to divide the SYSCLK. The divided SYSCLK is used to
generate the bit times.

There are two prescalers: NBRP for the Nominal Bit Rate Prescaler and DBRP for the Data Bit
Rate Prescaler. The Time Quanta (NTQ and DTQ) are selected as shown in Equation 56-3 and
Equation 56-4.

Equation 56-3: Nominal Time Quanta

NTQ = NBRP x Tgyqry k= FNﬂ
SYSCLK
Equation 56-4: Data Time Quanta
DTQ = DBRPx Tgyeryx = FDﬂ
SYSCLK

CAN bit times have four segments, as specified in ISO11898-1:2015 (see Figure 56-11).

Synchronization Segment (SYNC) — Synchronizes the different nodes connected on the CAN
bus. A bit edge is expected to be within this segment. The Synchronization Segment is always
1Ta.

Propagation Segment (PRSEG) — Compensates for the propagation delay on the bus. PRSEG
has to be longer than the maximum propagation delay.

Phase Segment 1 (PHSEG1) — Compensates for errors that may occur due to phase shifts in
the edges. The time segment may be automatically lengthened during resynchronization to
compensate for the phase shift.

Phase Segment 2 (PHSEG2) — Compensates for errors that may occur due to phase shifts in
the edges. The time segment may be automatically shortened during resynchronization to
compensate for the phase shift.

In the Bit Time registers, PRSEG and PHSEG1 are combined to create TSEG1. PHSEG2 is
called TSEG2. Each segment has multiple Time Quanta (TQ). The sample point lies between
TSEG1 and TSEG2.

Table 56-3 and Table 56-4 show the ranges for the bit time configuration parameters.
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Figure 56-11: Partition of Bit Time
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The total number of Ta in a bit time is programmable and can be calculated using Equation 56-5
and Equation 56-6.

Equation 56-5: Number of NTQ in a NBT

NBT _
]WQ NSYNC + NTSEGI + NTSEG2
Equation 56-6: Number of DTQ in a DBT
DBT _
b—_TQ = DSYNC + DTSEGI + DTSEG?2
Table 56-3: Nominal Bit Rate Configuration Ranges
Segment Min. Max.
NSYNC 1 1
NTSEG1 2 256
NTSEG2 1 128
NSJW 1 128
NTQ per Bit 4 385
Table 56-4: Data Bit Rate Configuration Ranges
Segment Min. Max.
DSYNC 1 1
DTSEGH1 1 32
DTSEG2 1 16
DSJW 1 16
DTQ per Bit 3 49

56.5.9.1 SAMPLE POINT

The sample point is the point in the bit time at which the logic level of the bit is read and
interpreted. The sample point in percent can be calculated using Equation 56-1 and
Equation 56-2.

Equation 56-1: Nominal Sample Point (%)

_ 1 +NTSEGI
NBT
NTQ

NSP 100
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Figure 56-12:

Propagation Delay

Equation 56-2: Data Sample Point (%)

_ 1+ DTSEGI
DBT
DTQ

DSP x 100

56.5.9.2 PROPAGATION DELAY

Figure 56-12 illustrates the propagation delay between two CAN nodes on the bus, assuming
Node A is transmitting a CAN message. The transmitted bit will propagate from the transmitting
CAN Node A through the transmitting CAN transceiver, over the CAN bus, through the receiving
CAN transceiver, into the receiving CAN Node B.

During the arbitration phase of a CAN message, the transmitter samples the CAN bus and
checks if the transmitted bit matches the received bit. The transmitting node has to place the
sample point after the maximum propagation delay.

Equation 56-1 describes the maximum propagation delay; where t7yp _ pxp is the propagation
delay of the transceiver, a maximum of 255 ns according to ISO11898-1:2015; T is the delay
on the CAN bus, which is approximately 5 ns/m. The factor 2 comes from the worst case when
Node B starts transmitting exactly when the bit from Node A arrives.

Equation 56-1: Maximum Propagation Delay

= 2x(t

Tprop xp-rxD " TBUS)

o T

Delay: Node A toB (TPROPAB)

CxTX CANH CANH CxRX
Node A Node B
CxRX CANL CANL CxTX
i . CAN Bus (TBUS) i .
Transceiver Propagation Transceiver Propagation

Delay (trxp - rxD) Delay (trxp - rxD)

V\ //

Delay: Node B to A (Terorea)

Tpror = Tproras ™t Tprora = 2% (trxp_rxpt Tgus)

56.5.9.3 TRANSMITTER DELAY COMPENSATION (TDC)

During the data phase of a CAN FD transmission, only one node is transmitting; the others are
receiving. Therefore, the propagation delay does not limit the maximum data rate.

When transmitting via pin CxTX, the Controller Area Network with Flexible Data-rate (CAN FD)
receives the transmitted data from its local CAN transceiver via pin CxRX. The received data is
delayed by the CAN transceiver’s loop delay. In case this delay is greater than 1 + DTSEGH1, a
bit error would be detected.

In order to enable a data phase bit time that is shorter than the transceiver loop delay, the
Transmitter Delay Compensation (TDC) is implemented. Instead of sampling after DTSEGH1, a
Secondary Sample Point (SSP) is calculated and used for sampling during the data phase of a
CAN FD message.
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Figure 56-13 illustrates how the transceiver loop delay is measured and Equation 56-1 shows
how the SSP is calculated.

Equation 56-1: Secondary Sample Point

SSP = TDCV<5:0> + TDCO<6:0>

Figure 56-13: Measurement of Transceiver Delay (TDCV)

FDF res BRS |ESI DLC

CxTX Arbitration| Phase

FDF

CxRX Arpitration| Phase —_

- Transmitter Delay

/

oy
-

v \4
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Transmitter ~—— TSEG1<4:0> (C1DBTCFGH<4:0>)
Delay
Measurement

Secondary Sample Point (SSP)

56.5.9.4 SYNCHRONIZATION

To compensate for phase shifts between the oscillator frequencies of the nodes on the CAN bus,
each CAN controller must be able to synchronize to the relevant edge of the incoming signal.

The CAN controller expects an edge in the received signal to occur within the SYNC segment.
Only recessive-to-dominant edges are used for synchronization.

There are two mechanisms used for synchronization:

» Hard Synchronization — Forces the edge that has occurred to lie within the
SYNC segment. The bit time counter is restarted with SYNC.

* Resynchronization — If the edge falls outside the SYNC segment, PHSEG1 or PHSEG2
will be adjusted.

For a more detailed description of the CAN synchronization, please refer to ISO11898-1:2015.

56.5.9.5 SYNCHRONIZATION JUMP WIDTH

The Synchronization Jump Width (SJW) is the maximum amount that PHSEG1 and PHSEG2
can be adjusted during resynchronization. SJW is programmable (see Table 56-3 and
Table 56-4).

56.5.9.6 OSCILLATOR TOLERANCE

The oscillator tolerance, df;, around the nominal frequency of the oscillator, finom, is defined in
Equation 56-1.

Equation 56-2 through Equation 56-6 describe the conditions for the maximum tolerance of the
oscillator.
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Equation 56-1: Oscillator Tolerance

(I —df)xfnom SFSYSCLKS (I +df)y x fnom
Equation 56-2: Condition 1
df< NSIW
2x 10 x NBT
NTQ
Equation 56-3: Condition 2
dar <min (NPHSEGI,NPHSEG?2)
N NBT )
2% (13 X NTQ—NPHSEGZ
Equation 56-4: Condition 3
df < DSJW
DBT
2x10x
DTQ
Equation 56-5: Condition 4
df < min(NPHSEGI,NPHSEG?2)
B DBT ) DBRP NB
- _ g —_—
2 % ((6 X DTO DPHSEG?2| % NBRP 7 % NTO
Equation 56-6: Condition 5
5 NBRP D
DSJW- max(O,(D—BRP
4= NBT NBRP DB
+ +
2 x ((2 X NTO X HNSEGPZ) X DERP DPHSEG2 + 4 x DTO

56.5.9.7 BIT TIME CONFIGURATION EXAMPLE

The following tables illustrate the configuration of the CAN FD Bit Time registers, assuming there
is a CAN FD network in an automobile with the following parameters:

* 500 kbps NBR — Sample Point at 80%
* 2 Mbps DBR — Sample Point at 80%
* 40 Meters — Minimum Bus Length

Table 56-5 and Table 56-6 illustrate how the bit time parameters are calculated. Since the
parameters depend on multiple constraints and equations, and are calculated using an iterative
process, it is recommended to enter the equations in a spreadsheet.

Table 56-7 translates the calculated values into register values. It is recommended to let the Con-
troller Area Network with Flexible Data-rate (CAN FD) measure the Transmitter Delay Compen-
sation Value (TDCV). This is accomplished by setting TDCMOD<1:0> (C1TDCH<1:0>) = 10
(Automatic mode). In order to set the SSP to 80%, TDCO<6:0> are setto 1 + DTSEGH.

Table 56-5: Step-by-Step Nominal Bit Rate Configuration

Parameter Constraint Value | Unit Equations and Comments

NBT NBT =1 pus 2 us |Equation 56-1.

Fosc Fosc < 80 MHz 80 | MHz |FsyscLk = Fosc/2 = 40 MHz.

NBRP 1 to 256 1 — | Select smallest possible BRP value to maximize resolution.
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Parameter Constraint Value | Unit Equations and Comments
NTQ NBT, FsyscLK 12.5 ns |[Equation 56-3.
NBT/NTQ 4 to 385 160 — |Equation 56-5.
NSYNC Fixed 1 NTQ |Defined in ISO11898-1:2015.
NPRSEG NPRSEG > Tprop 95 | NTQ |Equation 56-1: Tprop = 910 ns,
minimum NPRSEG = Tprop/NTQ = 72.8 NTQ.
Selecting 95 will allow up to 60m bus length.
NTSEG1 210 256 NTQ 127 | NTQ |Equation 56-1. Select NTSEG1 to achieve 80% NSP.
NTSEG2 1to 128 NTQ 32 | NTQ |There are 32 NTQ left to reach NBT/NTQ = 160.
NSJW 110 128 NTQ; 32 | NTQ |Maximizing NSJW lessens the requirement for the oscillator tolerance.
SJW < min (NPHSEG1, NPHSEG2)
Table 56-6: Step-by-Step Data Bit Rate Configuration

Parameter Constraint Value | Unit Equations and Comments
DBT DBT =125 ns 500 ns |Equation 56-2.

DBRP 1 to 256 1 — | Selecting the same prescaler as for NBT ensures that the TQ

resolution does not change during the Bit Rate Switching.

DTQ DBT, FsyscLK 12.5 ns |Equation 56-4.

DBT/DTQ 31049 40 — |Equation 56-6.

DSYNC Fixed 1 DTQ |Defined in ISO11898-1:2015.

DTSEG1 11032 DTQ 31 DTQ |Equation 56-1. Select DTSEG1 to achieve 80% DSP.

DTSEG2 1t0 16 DTQ 8 DTQ |There are 8 DTQ left to reach DBT/DTQ = 40.

DSJW 110 16 DTQ; DTQ |Maximizing DSJW lessens the requirement for the
SJW < min (DPHSEG1, DPHSEG2) oscillator tolerance.

Oscillator Tolerance Minimum of Conditions 1-5 0.78 % |Equation 56-1 through Equation 56-6.

Conditions 1-5

Table 56-7: Bit Time Register Initialization (500k/2M)

C1NBTCFGH/L Value C1DBTCFGH/L Value C1TDCH/L Value
BRP<7:0> 0 BRP<7:0> 0 TDCMOD<1:0> 2
TSEG1<7:0> 126 TSEG1<4:0> 30 TDCO<6:0> 31
TSEG2<6:0> 31 TSEG2<3:0> 7 TDCV<5:0> 0
SJW<6:0> 31 SJW<3:0> 7 — —

56.5.10 Message Memory Configuration

The message objects of the TEF, TXQ and transmit/receive FIFOs are located in RAM (see
Figure 56-14). The application must configure the number of message objects in a FIFO between
Message Object 0 and Message Object 31. Additionally, the application must configure the
payload size of the message objects in each FIFO. This configuration determines where
message objects are located in RAM. The RAM allocation can only be configured in

Configuration mode.

In order to optimize RAM usage, the application should start configuring the RAM with the TEF,
followed by the TXQ, and continue with FIFO 1, FIFO 2, FIFO 3 and so on. In case a user
application requires TEF, TXQ and 16 additional FIFOs, it should configure TEF and TXQ,
followed by FIFO 1 through FIFO 16. It is not necessary to configure the unused FIFOs 17

through 31.
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Figure 56-14: Message Memory Organization
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56.5.10.1 TRANSMIT EVENT FIFO CONFIGURATION

To reserve space in RAM for the TEF, the STEF bit (CFDxCON<19>) must be set. The number of
message objects in the TEF is configured using the FSIZE<4:0> bits (CFDxTEFCON<28:24>).
Transmitted messages can be timestamped by setting the TEFTSEN bit (CFDXTEFCON<5>).

56.5.10.2 TRANSMIT QUEUE CONFIGURATION

To reserve space in RAM for the TXQ, the TXQEN bit (CFDxCON<20>) has to be set. The
number of message objects in the TXQ is configured using the FSIZE<4:0> bits
(CFDXTXQCON<28:24>). All objects in the TXQ use the same payload size (number of data
bytes), which is configured using the PLSIZE<2:0> bits (CFDxTXQCON<31:29>).

56.5.10.3 TRANSMIT FIFO CONFIGURATION

FIFO 1 through FIFO 31 can be configured as transmit FIFOs by setting TXEN in the CFDxFIFO-
CONN register. The number of message objects in each transmit FIFO is configured using the
FSIZE<4:0> bits (CFDxFIFOCONN<28:24>). All objects in one transmit FIFO use the same payload
size (number of data bytes), which is determined by the PLSIZE<2:0> bits (CFDxFIFO-
CONN<31:29>).

56.5.10.4 RECEIVE FIFO CONFIGURATION

FIFO 1 through FIFO 31 can be configured as receive FIFOs by clearing TXEN in the
CFDxFIFOCONRN register. The number of message objects in each receive FIFO is configured
using the FSIZE<4:0> bits (CFDxFIFOCONnN<28:24>). All objects in one receive FIFO use the
same payload size (number of data bytes), which is determined by the PLSIZE<2:0> bits
(CFDxFIFOCONN<31:29>). Received messages can be timestamped by setting the RXTSEN bit
(CFDxFIFOCONN<5>).

56.5.10.5 CALCULATION OF REQUIRED MESSAGE MEMORY

The size of required RAM depends on the configuration of each FIFO. Equation 56-1 through
Equation 56-3 specify the sizes of the TEF, TXQ and the FIFOs in bytes. The TEF or TXQ is not
used if their size is zero.

Because the size of the integrated RAM is limited, the user must check whether the memory con-
figuration fits into RAM. Equation 56-4 can be used to calculate the RAM usage in bytes.

The size of the TEF objects depends on the enabling of timestamping. If TEFTSEN is set, then
tefts = 4, else tefts = 0.

The PayLoad(i) is defined in data bytes.
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The size of a message object of an RX FIFO varies dependent on the enabling of timestamping.
If RXTSEN = 1 and TXEN = 0 for FIFO(i), then rxts(i) = 4, else rxts(i) = 0.

N is defined as the number of FIFOs used in addition to the TEF and the TXQ.

Equation 56-1: Size of TEF
Srep = NElements(TEF) x (tefts + 8)
Equation 56-2: Size of TXQ
S7x0 = NElements(TXQ) % (8 + PayLoad(TXQ))
Equation 56-3: Size of FIFOs
Se1r0D = Nejomens(D) % (7xts(i) + 8 + PayLoad(i))

Equation 56-4:

Total RAM Usage

S

RAM™ |5

reF St " 2 SriFo®

N

i=1

For example:

If TEF is 4 messages deep (Ngiements (TEF) = 4) and TEFTSEN is clear,
then the size of TEF = Sygp =4 x (0 + 8) = 32 bytes

If Ngjlements (TXQ) = 1, PayLoad (TXQ) = 12,

then the size of TXQ = Stxq =1 x (8 + 12) = 20 bytes

If NElements (FIFO) = 3, PayLoad (FIFO) = 8,

then the size of FIFO = Sgjpg =3 x (8 + 8) = 48 bytes
Therefore, SRAM = Stgg + Stxq *+ Spipo = 32 + 20 + 48 = 100 bytes.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

56.6 MESSAGE TRANSMISSION

The application has to configure the FIFO or TXQ before it can be used for transmission
(see 56.5.10.3 “Transmit FIFO Configuration” and 56.5.10.2 “Transmit Queue Configu-
ration”).

56.6.1 Transmit Message Object

Table 56-8 specifies the transmit message object used by the TXQ and the transmit FIFOs. The
transmit objects contain the message ID, control bits and payload.

« SID: Standard Identifer or Base Identifier.
« EID: Extended Identifier.

» DLC: Data Length Code; specifies the number of data bytes to transmit (see
56.2.1.1 “DLC Encoding”).

» IDE: Identifier Extension; clearing this bit will transmit a base frame, setting this bit will
transmit an extended frame.

* RTR: Remote Transmit Request; this bit is only specified in CAN 2.0 frames. Setting this bit
will request a transmission of a receiving node.

« FDF: FD Format; if this bit is set, a CAN FD frame will be transmitted; otherwise, a CAN 2.0
frame will be transmitted. If Normal CAN 2.0 mode is selected, this bit is ignored and only
CAN 2.0 frames are transmitted.

» BRS: Bit Rate Switch; the data phase of a CAN FD frame will be transmitted using DBR if
this bit is set. If the bit is clear, the whole frame will be transmitted using NBR.

» ESI: Error State Indicator; normally, the ESI bit reflects the error status of the transmitting
node. A recessive ESI bit in a CAN FD frame indicates that the transmitting node is
error passive, a dominant bit shows that the transmitting node is error active. If
ESIGM (CFDxCON<17>) = 0, this bit in the object is ignored. If ESIGM = 1, the ESI bit in
the transmitted message will be transmitted recessive if the Controller Area Network with
Flexible Data-rate (CAN FD) is error passive, or if the ESI bit in the message object is set.
A gateway application would use it to signal that the ESI bit of the transmitting node is set.

» SEQ: Sequence Number; SEQ is not transmitted on the CAN bus. It is used to keep track
of the transmitted messages. SEQ is stored in the TEF message object.

* Transmit Buffer Data: contains the payload of the message. Only the number of data
bytes specified by the DLC are transmitted. Byte 0 is transmitted first, followed by 1, 2 and
so on.

56.6.2 Loading Messages into Transmit FIFO

Before loading a message into the FIFO, the application must ensure that the FIFO is not full.
There is space in the FIFO if the TEFNRFNIF bit (CFDxFIFOSTAN<0>). is set. Loading a message
into a full FIFO can corrupt a message that is being transmitted.

The FIFO user address points to the address in RAM of the next transmit message object where
the application should store the message. The actual address in RAM is calculated using
Equation 56-1. ‘TO’ of the transmit message object is loaded first, followed by T1, T2 and so on.
The maximum number of data bytes is limited by the configured payload. Only the number of data
bytes specified by the DLC have to be loaded.

Equation 56-1: Address of Next Message Object

A = CFDxFIFOBA + CFDxFIFOUAn

After the message object is loaded into RAM, the FIFO needs to be incremented by setting the
UINC bit (CFDxFIFOCONnN<8>), this will cause the Controller Area Network with Flexible
Data-rate (CAN FD) to increment the head of the FIFO and update CFDxFIFOUAn.

Now the message is ready for transmission and the next message can be loaded at the new
address.
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56.6.3

Loading the transmit message objects into the TXQ works similar to loading the message objects
into a transmit FIFO. The application must check the CFDxTXQSTA register to see if there is
space in the TXQ. The CFDxTXQUA registers should be used instead of the CFDxFIFOUAnN reg-
isters to calculate the address to load the message and set the UINC bit (CFDxTXQCON<8>) to

Loading Messages Into Transmit Queue

increment the head of the TXQ.

Table 56-8: Transmit Message Object (TXQ and TX FIFO)
Words | Bits | Bit157 | Bit14/6 | Bit135 | Bit1274 | Bit11/3 | Bit102 | Biton | Bitsio
0 15:8 EID<4:0> SID<10:8>
7:0 SID<7:0>
11 158 — — | son | EID<17:13>
7:0 EID<12:5>
T2 15:8 SEQ<6:0> ESI
7:0 FDF BRS RTR IDE DLC<3:0>
T3 15:8 — — — — — — —
7:0 — — — — — — —
T4 15:8 Transmit Data Byte 1
7:0 Transmit Data Byte 0
T5(1) 15:8 Transmit Data Byte 3
7:0 Transmit Data Byte 2
6 15:8 Transmit Data Byte 5
7:0 Transmit Data Byte 4
T7 15:8 Transmit Data Byte 7
7:0 Transmit Data Byte 6
Tieq 15:8 Transmit Data Byte n-3
7:0 Transmit Data Byte n-2
Ti 15:8 Transmit Data Byte n
7:0 Transmit Data Byte n-1

bit 15:11 (TO) EID<4:0>: Extended Identifier bits
bit 10-0 (TO)
bit 15-14 (T1) Unimplemented: Read as ‘x’

bit 13 (T1)
bit 12-0 (T

1)

bit 15-9 (T2)

bit 8 (T2)

bit 4 (T2)

bit 3-0 (T2)
bit 15:0 (T3)

Note 1:

Data Bytes 0-n: Payload size is configured individually in the PLSIZE<2:0> bits (CFDxFIFO-
CONN<31:29>).

SID<10:0>: Standard Identifier bits

SID11: In FD mode, the Standard ID can be extended to 12 bits using r1
EID<17:5>: Extended Identifier bits
SEQ<6:0>: Sequence to keep track of transmitted messages in transmit event FIFO
ESI: Error Status Indicator bit

In CAN-to-CAN Gateway mode (ESIGM (CFDxCON<17>) = 1), the transmitted ESI flag is a “logical
OR” of ESI (T1) and the error passive state of the CAN controller.

In Normal mode, ESI indicates the error status:
1 = Transmitting node is error passive
0 = Transmitting node is error active

FDF: FD Frame; distinguishes between CAN and CAN FD formats
BRS: Bit Rate Switch; selects if Data Bit Rate is switched

RTR: Remote Transmission Request; not used in CAN FD
IDE: Identifier Extension Flag; distinguishes between base and extended format
DLC<3:0>: Data Length Code
Unimplemented: Read as ‘%’
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56.6.4 Requesting Transmission of Message in Transmit FIFO

After a message is loaded into a transmit FIFO, the message is ready for transmission. The
application initiates the transmission of all messages in a FIFO by setting the TXREQ bit
(CFDxFIFOCON<9>) or by setting the corresponding bit in the C1TXREQH)/L registers. When all
messages are transmitted, TXREQ gets cleared. The application can request transmission of
multiple FIFOs and the TXQ simultaneously. The FIFO or TXQ with the highest priority will start
transmitting first. Messages in a FIFO will be transmitted First-In-First-Out.

Messages can be loaded into a FIFO while the FIFO is transmitting messages. Since TXREQ is
cleared by the FIFO automatically after the FIFO empties, UINC and TXREQ of the
CFDxFIFOCONRN register must be set at the same time after appending a message. This ensures
that all messages in the FIFO are transmitted, including the appended messages.

56.6.5 Requesting Transmission of Message in Transmit Queue

After a message is loaded into the TXQ, the message is ready for transmission. The application
initiates the transmission of all messages in the queue by setting TXREQ (CFDXTXQCON<9>).
When all messages have been transmitted, TXREQ will be cleared. The application can request
transmission of the TXQ and multiple FIFOs simultaneously. The TXQ or FIFO of the
CFDxTXQCON register with the highest priority will start transmitting first. Messages in the TXQ
will be transmitted based on their ID. The message with the highest priority ID and the lowest ID
value will be transmitted first.

Messages can be loaded into the TXQ while the TXQ is transmitting messages. Since TXREQ
is cleared by the TXQ automatically after the TXQ empties, UINC and TXREQ of the
CFDxTXQCON register must be set at the same time after appending a message. This ensures
that all messages in the TXQ are transmitted, including the appended messages.

56.6.6 C1TXREQ Register

The CFDXTXREQ register contains the TXREQ<31:0> bits of the TXQ and of all the TX FIFOs.
They have the following purposes:

» The user application can request transmission of the TXQ and/or one or more TX FIFOs,
using only one SPI instruction, by setting the corresponding bits in the CFDxTXREQ regis-
ter. Clearing a bit does not abort any transmissions.

» Reading the CFDXTXREQ register gives information about which transmit FIFOs have
transmissions pending.

CFDXTXREQ<0> is mapped to the TXQ, CFDxTXREQ<1> is mapped to TX FIFO 1,
CFDXTXREQ<2> is mapped to TX FIFO 2 and so on. CFDXxTXREQ<31> is mapped to TX FIFO
31.

56.6.7 Transmit Priority

The transmit priority of the FIFOs and TXQ needs to be configured using the TXPRIx bits
(CFDxFIFOCONN<20:16> and CFDxTXQCON<20:16>).

Before transmitting a message, the priorities of the TXQ and the TX FIFOs queued for
transmission are compared. The FIFO/TXQ with the highest priority will be transmitted first. For
example, if transmit FIFO 1 has a higher priority setting than FIFO 3, all messages in FIFO 1 will
be transmitted first. If multiple FIFOs have the same priority, the FIFO with the highest index is
transmitted. For example, if FIFO 1 and FIFO 3 have the same priority setting, all messages in
FIFO 3 will be transmitted first. If the TXQ and one or more FIFOs have the same priority, all
messages in the TXQ will be transmitted first.

The transmit priority will be recalculated after every successful transmission of a single
message.

56.6.7.1 TRANSMIT PRIORITY OF MESSAGES IN FIFO

In this method, the messages in a FIFO are transmitted First-In-First-Out.
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56.6.7.2 TRANSMIT PRIORITY OF MESSAGES IN TXQ

Messages in the TXQ are transmitted based on the message ID. The message with the lowest
message ID (highest priority) is transmitted first.

56.6.7.3 TRANSMIT PRIORITY BASED ON ID

The goal of transmitting CAN messages based on ID is to avoid “Inner Priority Inversion”. If a
low-priority message is waiting to get transmitted due to bus traffic (arbitration), a higher priority
message could be prevented from being transmitted. The TXQ solves this issue by reprioritizing
the messages in the queue based on priority (ID).

56.6.8 Transmit Bandwidth Sharing

The bandwidth sharing feature works as follows:

» After a successful transmission of a message, the module will remain Idle for n arbitration
bit times before the module attempts to transmit the next message; it suspends the next
transmission.

 After the device has received a message, the module can transmit the next message as
soon as the bus is Idle.

This allows other nodes on the bus to transmit their messages, even though they are of lower

priority.

The number of arbitration bit times between transmissions can be configured using the
TXBWS<3:0> bits (CFDxCON<31:28>).

56.6.9 Retransmission Attempts

The number of retransmission attempts can be configured as follows:

» Retransmission attempts are disabled

» Three retransmission attempts

* Unlimited retransmissions

The retransmission attempts can be restricted by setting the RTXAT (CFDxCON<16>). The

number of retransmission attempts can be configured individually for each transmit FIFO and
the TXQ using TXAT<1:0> (CFDxFIFOCONN<22:21>and CFDxTXQCON<22:21>.

If RTXAT = 0, unlimited retransmission attempts will be used for all transmit FIFOs, and the
TXQ and TXATx will be ignored.

56.6.9.1 RETRANSMISSION ATTEMPTS DISABLED

TXREQ will be cleared after the attempt to transmit the message. If the message is not
successfully transmitted due to loss of arbitration or due to an error, TXATIF in the
CFDxFIFOSTAN or CFDxTXQSTA register will be set.

56.6.9.2 THREE RETRANSMISSION ATTEMPTS

In case an error is detected during transmission, the Controller Area Network with Flexible
Data-rate (CAN FD) will decrement the number of remaining attempts and try to retransmit the
message the next time the bus is Idle. In case arbitration is lost, the number of remaining
attempts will not change. If all retransmission attempts are exhausted, TXREQ will be cleared
and TXATIF in CFDxFIFOSTAN or CFDXTXQSTA will be set.

Before retransmitting the message, the transmit priority will be recalculated. The retransmission
attempts will be reinitialized if a different TX FIFO or TXQ is selected for transmission, or if a
message is received after the last transmission attempt.

56.6.9.3 UNLIMITED RETRANSMISSIONS

TXREQ will be cleared only after all messages in the TX FIFO or TXQ are successfully transmitted.
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56.6.10 Aborting Transmission

A pending transmission can only be aborted before the transmission of the message starts,
before the Start-of-Frame (SOF).

The transmission of a specific FIFO can be aborted by clearing TXREQ in the Transmit Queue
Control register; it cannot be aborted by clearing the bits in the CFDxTXREQ registers. Writing a
‘0’ to one of the bits in the CFDxTXREQ registers will be ignored. The TXABT bit in the FIFO
Status register will be set after a successful abortion. TXREQ will remain set until the message
either aborts or is successfully transmitted.

Setting ABAT (CFDxCON<27>) will abort all pending messages of all FIFOs. After all TXREQx
bits are cleared, ABAT has to be cleared in order to be able to transmit new messages.

Clearing TXREQ for a transmit FIFO will attempt to abort all transmissions in the FIFO. If a
message is successfully transmitted, the FIFO index will be updated as normal. If the message
is successfully aborted, the FIFO index will not change.

The user can then use the FIFO Message Index bits, FIFOCI<4:0> (CFDxFIFOSTANn<12:8>), to
identify messages that are transmitted. To reset the transmit FIFO index and erase all pending
messages the user can set FRESET. The FIFO can then be loaded with new messages to be
transmitted.

56.6.11 Remote Transmit Request — RTR

The CAN bus system has a method for allowing a master node to request data from another
node. The master sends a message with the RTR bit set. The message contains no data, only
an address to trigger a filter match.

Remote frames are only specified for CAN 2.0 frames; they are not supported in CAN FD frames.

The filter that is configured to respond to a Remote Transmit Request will point to a FIFO that is
configured for transmission and RTREN has to be set.

Automatic remote data requests can be handled without MCU intervention. If a FIFO is properly
configured, when a filter matches and points to the FIFO, the FIFO will be queued for
transmission.

The FIFO must be configured as follows:

* Set TXENto ‘1.

« Afilter must be enabled and loaded with a matching message identifier

» The Buffer Pointer for that filter must point to the TX FIFO. (Normally, a filter points to an
RX FIFO.)

* RTREN bit must be set to ‘1’ to enable RTR.

» The FIFO must be preloaded with at least one message to be sent.

When an RTR message is received, and it matches a filter pointing to a properly configured
transmit FIFO, the TXREQ bit is set, queuing the object for transmission according to priorities.

A FIFO will only be transmitted if TXEN and RTREN are set, and if it is NOT empty. When a
request for a remote transmission occurs while the FIFO is empty, the event will be treated as an
overflow and the RXOVIF bit will be set.

56.6.12 Mismatch of DLC and Payload Size During Transmission

The PLSIZEX bits reserve a certain number of bytes in the transmit FIFO. The Controller Area
Network with Flexible Data-rate (CAN FD) handles mismatches between the DLC and payload
size as follows:

 If the DLC is smaller than the reserved payload, the number of data bytes specified by the
DLC will be transmitted.

« If the DLC is bigger than the reserved payload, the module will not transmit the message.
Instead, it will set the IVMIF (CFDxINT<15>) and DLCMM (CFDxBDIAG1<31>) flags and
clear the TXREQ flag. The application can use the TEF to identify the message that is not
transmitted.
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56.6.13 Transmit State Diagram

Figure 56-15 describes how messages are queued for transmission. It illustrates how the most

important transmit flags are set and cleared:

1. Messages are queued for transmission by setting the TXREQ flag.

2. The transmit priority will be determined. The FIFO or TXQ with the highest priority TXPRIx

flag will be selected. The index of the TX message in the FIFO or TXQ will be calculated.

The TX message is pending for transmission.

Transmission can only start when the bus is Idle.

A pending transmission can only be aborted before SOF is transmitted.

During the transmission of a message, the Controller Area Network with Flexible Data-rate

(CAN FD) checks for the following:

a) Loss of arbitration during the arbitration field.

b) Transmit errors.

7. In case a message of a TX FIFO or the TXQ is transmitted successfully, the TXREQ will
only be cleared after all messages of the FIFO are transmitted. After the transmission of
any message, the status flags of the FIFO or TXQ are updated. If the STEF bit(CFDx-
CON<19>) is set, the message will be stored into the TEF and a timestamp will be
attached if enabled.

8. If arbitration is lost, TXLARB of the TX FIFO or TXQ will be set and the device will switch
over to receiving the message (see 56.9 “Message Reception”).

9. Ifan error is detected during the transmission of a message, an error frame will be trans-
mitted and the appropriate error flags will be set. Messages will be retransmitted accord-
ing to 56.6.9 “Retransmission Attempts”.

o gk w

Figure 56-15: Transmit State Diagram
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56.6.14 Resetting Transmit FIFO

A Transmit FIFO can be reset using any of these options:

 Setting the FRESET bit (CFDxFIFOCONnN<10>)
» Placing the module in Configuration mode (OPMOD<2:0> = 100)

Resetting the FIFO will reset the Head and Tail Pointers, and the CFDxFIFOSTAN register. The
settings in the CFDxFIFOCONN register will not change.

Before resetting a TX FIFO using FRESET, ensure no transmissions are pending.

56.6.15 Resetting Transmit Queue

The Transmit Queue can be reset using any one of these options:

« Setting the FRESET bit (CFDxTXQCON<10>)
» Placing the module in Configuration mode (OPMOD<2:0> = 100)

Resetting the TXQ will reset the Head and Tail Pointers, and the CFDxTXQSTA register. The
settings in the CFDxTXQCON register will not change.

Before resetting the TXQ using FRESET, ensure no transmissions are pending.

56.6.16 Message Transmission Code Example

Example 56-1: Message Transmission Code

#include <xc.h>

/* This code example demonstrates a method to configure the CAN FD module to
transmit Standard and Extended ID CAN FD messages. This uses CAN1l, TXQ and
FIFOl. TXQ size is 1 and FIFOl size is 2. */

/* Include fuse configuration code here. */

#define MAX WORDS 100
unsigned int _ attribute ((aligned(4)))CanTxBuffer [MAX WORDS];

/*Data structure to implement a CANFD message bffer. */
/* CANFD Message Time Stamp */
typedef unsigned long CANFD MSG TIMESTAMP;

/* CAN TX Message Object Control*/

typedef  struct _CANFD TX MSGOBJ CTPL {
unsigned DLC:4
unsigned IDE:1
unsigned RTR:1;
unsigned BRS:1
unsigned FDF:1
unsigned ESI:1
unsigned SEQ:7;
unsigned unimplenentedl:16;

} CANFD TX MSGOBJ_ CIRL;

/* CANFD TX Message ID*/
typedef  struct _CANFD MSGOBJ_ID {
unsignea SID:11;
unsigned long EID:18;
unsigned SID11:1;
unsigned unimplementedl:2;
} CANFD MSGOBJ ID;

© 2018 Microchip Technology Inc. Preliminary DS60001549A-page 56-95



PIC32 Family Reference Manual

Example 56-1: Message Transmission Code Example (Continued)

/* CAN TX Message Object*/
typedef union _CANFD_TX MSGOBJ {
struct {
CANFD MSGOBJ ID id;
CANFD TX MSGOBJ CTRL ctrl;
CANFD MSG TIMESTAMP timeStamp;
} bE;
unsigned int word[4];
unsigned char byte[8];
} CANFD TX MSGOBJ;

int main (void)
{

unsigned char index;

/* The PIC32 device features I/O remap. This I/O remap configuration for the
CAN FD module can be performed here. */
SetIORemapForECANModule () ;

/* Enable the CANFD module */
CFD1CONbits.ON = 1;

/* Place CAN module in configuration mode */
CFD1CONbits.REQOP = 4;
while (C1CONHbits.OPMOD != 4);

/* Initialize the CFDxFIFOBA with the start address of the CAN FIFO message
buffer area. */
CFD1FIFOBA = (unsigned int) &CanTxBuffer;

/* Set up the CANFD moduie for 1Mbps of Nominal bit rate speed and 2Mbps of
Data bit rate. */

CFDINBTCFG = 0x003E0:JF;

CFD1IDBTCFG = 0x001E0707;

CFD1TDC = 0x0002.700; //TDCMOD is Auto

/* Configure CANFD module to enable Transmit Queue and BRS*/
CFD1CONbits.BRSDIS = 0x0;

CFD1CONbits.STEF = 0x0; //Don't save transmitted messages in TEF
CFD1CONbits.TXQEN = 0x1;

/* Configure TXQ to transmit 1 message*/
CFDITXQCONbits.FSIZE = 0x0; // single message
CFD1TXQCONbits.PLSIZE = 0x7; // 64 bytes of data

/* Configure FIFOl to transmit 2 messages*/

CFD1FIFOCONlbits.FSIZE = 0x1; //2 messages
CFD1FIFOCONlbits.PLSIZE = 0x2; //16 bytes of data
CFDIFIFOCONlbits.TXEN = 0x1; // Set TXEN bit ,transmit fifo

/* Place the CAN module in Normal mode. */
CFD1CONbits.REQOP = 0;

while (CFD1CONbits.OPMOD != 0);
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Example 56-1: Message Transmission Code Example (Continued)

/* Get the address of the message buffer to write to. Load the buffer and then
set the UINC bit. Set the TXREQ bit next to send the message. */

CANFD_TX_ MSGOBJ *txObj;
/* Transmit message from TXQ - CANFD base frame with BRS*/

/* SID = 0x100, 64 bytes of data */
txObj = (CANFD TX MSGOBJ *)CFD1TXQUA;
txOb3j->bF.1id.SID = 0x100;
txObj->bF.id.EID = 0x0000;
txObj->bF.ctrl.BRS =

—

//Switch bit rate

txObj->bF.ctrl.DLC = 0xF; //64 bytes
txObj->bF.ctrl.FDF = 1; // CANFD frame
txObj->bF.ctrl.IDE = 0; //Standard frame

for (index=0;index<0x40;index++ )
{

txObj->byte[index+8] = 0x5A ; // 64 bvtes of 0x5A
}
CFD1TXQCONbits.UINC = 1; // et UINC bit
CFD1TXQCONbits.TXREQ = 1; // Set TXREQ bit

/* Transmit message 0 from FIFO 1 - CANFD base frame with BRS*/

/* SID = 0x300 , 16 bytes of data */
txObj = (CANFD TX MSGOBJ *)C1lFIFOUAlLL;
tx0bj->bF.1id.SID = 0x300;
txObj->bF.id.EID = 0x0000;

txObj->bF.ctrl.BRS = 1 //Switch bit rate
txObj->bF.ctrl.DLC = (xA; //16 bytes
txObj->bF.ctrl.FDE = 1; // CANFD frame
tx0bj->bF.ctrl.oE = 0; //Standard frame

for (index=0, 1ndex<0x10;index++ )

{

txObj->byte[index+8] = 0xA5 ; // 16 bytes of 0xA5
}
CFD1FIFOCONlbits.UINC = 1; // Set UINC bit
CFDIFIFOCONlbits.TXREQ = 1; // Set TXREQ bit

/* Transmit message 1 from FIFO 1 - CANFD base frame with BRS*/

/* SID = 0x500, EID = 0xC000, 12 bytes of data */
txObj = (CANFD TX MSGOBJ *)ClFIFOUALL;
tx0bj->bF.1id.SID = 0x500;

txObj->bF.1id.EID = 0xC000;

tx0bj->bF.ctrl.BRS = 1 ; //Switch bit rate
txObj->bF.ctrl.DLC = 0x9; //12 bytes
txObj->bF.ctrl.FDF = 1; // CANFD frame
tx0bj->bF.ctrl.IDE = 0; //Standard frame

for (index=0;index<0xC;index++ )
{

txObj->byte[index+8] = 0x55 ; // 12 bytes of 0x55
}
CFD1FIFOCONlbits.UINC = 1; // Set UINC bit
CFDIFIFOCONlbits.TXREQ 1; // Set TXREQ bit

while (1) ;
}
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56.7

TRANSMIT EVENT FIFO — TEF

The TEF enables the application to keep track of the order and time in which the messages are
transmitted. The TEF works similar to a receive FIFO. Instead of storing received messages, it
stores transmitted messages. Messages are only saved if the STEF bit (CFDxCON<19>) is set.
The sequence number (SEQ) of the transmitted message is copied into the TEF object. The
payload data is not stored. Transmitted messages are timestamped if TEFTSEN is set.

Table 56-9 specifies the TEF object. The first two words of the TEF object are a copy of the
transmit message object. Optionally, the TEF object contains the timestamp when the message
is transmitted.

56.7.1 Reading a TEF Object

Before reading a TEF object, the application must check that the TEF is not empty by reading
the CFDxTEFSTA register. The TEF is not empty if TEFNEIF is set.

The TEF user address points to the address in RAM of the next TEF object to read. The actual
address in RAM is calculated using Equation 56-1. TEO of the TEF object is read first, which is
followed by TE1 and TE2.

Equation 56-1: Start Address of TEF Object

A = BaseAddress = CIFIFOBA

After the TEF object is read from RAM, the TEF needs to be incremented by setting UINC
(CFDXTEFCON<8>). This will cause the Controller Area Network with Flexible Data-rate (CAN
FD) to increment the Tail and update CFDxTEFUA.

Now the next message can be read from the TEF.

56.7.1.1 RESETTING THE TEF

TEF can be reset by using any one of these options:
+ Setting the FRESET bit (CFDXTEFCON<10>)
» Placing the module in Configuration mode (OPMOD<2:0> = 100)

Resetting the FIFO will reset the Head and Tail Pointers, and the CFDxTEFSTA register. The
settings in the CFDXTEFCON register will not change.
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Table 56-9: Transmit Event FIFO Object
Words | Bits | Bit15/7 \ Bit 14/6 \ Bit 13/5 \ Bit 12/4 \ Bit 11/3 | Bit10/2 \ Bit 9/1 \ Bit 8/0
TEO | 15:8 EID<4:0> SID<10:8>
7:0 SID<7:0>
TE1 [ 158] — | — | s | EID<17:6>
7:0 EID<12:5>
TE2 | 15:8 SEQ<6:0> ESI
7:0 FDF BRS RTR IDE DLC<3:0>
TE3 | 158 — — — — — — — —
7:0 — — — — — — -— —
TE4) | 15:8 TXMSGTS<15:8>
7:0 TXMSGTS<7:0>
TESM | 15:8 TXMSGTS<31:24>
7:0 TXMSGTS<23:16>

bit 15:11 (TEO)

bit 10-0 (TEO)

bit 15-14 (TE1)

bit 13 (TE1)
bit 12-0 (TE1)
bit 15-9 (TE2)
bit 8 (TE2)

bit 7 (TE2)
bit 6 (TE2)
bit 5 (TE2)
bit 4 (TE2)
bit 3-0 (TE2)
bit TE3.15-0
bit TE4.15:0
bit TE5.31-24

Note 1:

EID<4:0>: Extended Identifier

SID<10:0>: Standard Identifier

Unimplemented: Read as ‘X’

SID11: In FD mode the standard ID can be extended to 12 bit using r1

EID<13:0>: Extended |dentifier

SEQ<6:0>: Sequence to keep track of transmitted messages in Transmit Event FIFO
ESI: Error Status Indicator

In CAN-to-CAN Gateway mode (CFDxCON.ESIGM = 1), the transmitted ESI flag is a “logical OR” of
T1.ESI and error passive state of the CAN controller

In normal mode, ESI indicates the error status

1 = Transmitting node is error passive

0 = Transmitting node is error active

FDF: FD Frame; distinguishes between CAN and CAN FD formats
BRS: Bit Rate Switch; selects if Data Bit Rate is switched

RTR: Remote Transmission Request; not used in CAN FD

IDE: Identifier Extension Flag; distinguishes between base and extended format
DLC<3:0>: Data Length Code

Unimplemented: Read as X’

TXMSGTS<15:0>: Transmit Message Timestamp
TXMSGTS<15:0>: Transmit Message Timestamp

TE4 and TE5 (TXMSGTS) only exits in objects where CFDXTEFCON.TEFTSEN is set.
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56.7.2 Transmit Event FIFO Code Example

A code example to save the transmitted messages using TEF is shown in Example 56-1.

Example 56-1: Using the Transmit Event FIFO Code Example
#include <xc.h>

/* This code example demonstrates a method to configure the CAN FD
module to save the transmitted messages in the TEF. This =xample uses
CAN1l, FIFOl and TEF */

/* Include fuse configuration code here. */
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Using the Transmit Event FIFO Code Example - Continued
#define MAX WORDS 100

unsigned int __attribute ((aligned(4)))CanTxBuffer [MAX WORDS];
//message buffer to be written

unsigned int * currentMessageBuffer; // Points to message buffer to
be read

/*data structure to implement a CANFD message buffer. */
/* CANFD Message Time Stamp */
typedef unsigned long CANFD MSG TIMESTAMP;
/* CAN TX Message Object Control*/
typedef struct CANFD TX MSGOBJ CTRL ({
unsigned DLC:4;
unsigned IDE:1;
unsigned RTR:1;
unsigned BRS:1;
unsigned FDF:1;
unsigned ESI:1;
unsigned SEQ:7;
unsigned unimplementedl:16;
} CANFD TX MSGOBJ CTRL;
/* CANFD TX Message ID*/
typedef struct CANFD MSGO™.” 1D {
unsigned SID:11;
unsigned long EID:12;
unsigned SID11:1;
unsigned unimecliementedl:2;
} CANFD MSGOB.J ID;
/* CAN TX Message Object*/
typedef union CANFD TX MSGOBJ {
struct {
CANFD MSGOBJ ID id;
CANFD TX MSGOBJ CTRL ctrl;
CANFD MSG TIMESTAMP timeStamp;
} bE;
unsigned int word([4];
unsigned char byte[8];
} CANFD TX MSGOBJ;
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Using the Transmit Event FIFO Code Example - Continued

/* CANFD TEF Message Object */
typedef union CAN TEF MSGOBJ {
struct {
CANFD MSGOBJ ID id;
CANFD TX MSGOBJ CTRL ctrl;
CANFD MSG TIMESTAMP timeStamp;
} bF;
unsigned int word([4];

} CANFD TEF MSGOBJ;

int main (void)
{

unsigned char index, fifoSize;

/* The PIC32 device features I/O remap. Tnis I/O remap configuration
for the CAN FD

module can be performed here. */

SetIORemapForECANModule () ;

/* Enable the CANFD module ~/
CFD1CONbits.CON = 1;

/* Place CAN module in configuration mode */
CFD1CONbits.REQUP = 4;
while (CED1COWL1ts.OPMOD != 4);

/* Initialize the CIFIFOBA with the start address of the CAN FIFO mes-
sage buffer area. */

CFDIFIFOBA = (unsigned int) &CanTxBuffer;

/* Set up the CANFD module for 1Mbps of Nominal bit rate speed and
2Mbps of Data bit rate. */
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Using the Transmit Event FIFO Code Example - Continued

/* Set up the CANFD module for 1Mbps of Nominal bit rate speed and
2Mbps of Data bit rate. */

CFDINBTCFG = 0x003EOFOF;
CFD1DBTCFG = 0x001E0707;
CFDITDC = 0x00021F00; //TDCMOD is Auto

/* Configure CANFD module to save transmitted messages in TEF and BRS*/
CFD1CONbits.BRSDIS = 0x0;

CFDICONbits.STEF = 0x1;

CFD1CONbits.TXQEN = 0x0; // Disable TXQ

/* Configure TEF to save 5 messages*/
CFDITEFCONbits.FSIZE = 0x4; // save I messages
CFDITEFCONbits.TEFTSEN = 1;

/* Configure FIFOl to transmit 5 messages*/
CFDIFIFOCONlbits.FSIZE = 0(x4; //5 messages
CFD1FIFOCONlbits.PLSIZE = 0x7; //64 bytes of data
CFDIFIFOCONlbits.TXEN = 0x1; // Set TXEN bit ,transmit fifo

/* Place the CAN module in Normal mode. */
CFD1CONbits.~EQOP = 0;
while (CFDOICONbits.OPMOD != 0);

/* Get the address of the message buffer to write to. Load the buffer
and */

/* then set the UINC bit. Set the TXREQ bit to send the message. */

CANFD_TX_MSGOBJ *txObj;

/* Transmit 5 messages from FIFO 1 - CANFD base frame with BRS*/
/* SID = 0x300 , 64 bytes of data */
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Using the Transmit Event FIFO Code Example - Continued
for (fifoSize= 0; fifoSize < 5; fifoSize++)

{

txObj = (CANFD TX MSGOBJ *)CFD1FIFOUAL;

txObj->bF.id.SID = 0x300;

txObj->bF.1d.EID = 0x0000;
txObj->bF.ctrl.BRS = 1 ; //Switch bit rate
txObj->bF.ctrl.DLC = 0xF; //64 bytes
txObj->bF.ctrl.FDF = 1; // CANFD frame
txObj->bF.ctrl.IDE = 0; //Standard frame

txObj->bF.ctrl.SEQ = fifoSize ; // Sequence does not get transmitted,
but stored in TEF

for (index=0;index<0x40;index++ )
{
txObj->byte[index+8] = 0xA5 ; // ¢4 bytes of 0xA5
}
CFD1FIFOCONlbits.UINC = 1; // ZJet UINC bit
}

CFDIFIFOCON1bits.TXREY = 1; // Set TXREQ bit
while (CFDIFIFOCONlvuits.TXREQ == 1);

/* Keep reading the TEF objects until the last transmitted message*/
for (fifoSize= 0; fifoSize < 5; fifoSize++)

{

while (CID1ITEFSTAbits.TEFNEIF ==0) ;
CANFD TEF MSGOBJ *tefObj;

tefObj = (CANFD TEF MSGOBJ *)CEFDITEFUA;
//ProcessTEFMessages (currentMessageBuffer) ;
CFDITEFCONbits.UINC = 1 ; // Set UINC bit

}

while (1) ;

}
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56.8 MESSAGE FILTERING

All messages on a CAN network will be received by all nodes. In order to process only messages
of interest, a hardware filtering mechanism is implemented. The Controller Area Network with
Flexible Data-rate (CAN FD) can be configured to receive only messages of interest. The module
contains 32 acceptance filters. Each acceptance filter contains a Filter Object and Mask Object.
The user application configures the specific filter to receive a message with a given identifier by
setting the Filter Object and Mask Object to match the identifier of the message to be received.

56.8.1 Filter Configuration

The filters are controlled by the CFDxFLTCONN register. The filter must be disabled by clearing
the FLTEN bit, before changing the Filter or Mask Object. The module need not be in
Configuration mode. After the Filter Object is updated, the Buffer Pointer, FnBP, has to be
initialized, and the filter can be enabled by setting the FLTEN bit. The FnBP points to the FIFO
where the matching receive message needs to be stored.

56.8.2 Filtering a Received Message

The Controller Area Network with Flexible Data-rate (CAN FD) starts acceptance filtering after
the arbitration field and the first three data bytes of a message are received. Figure 56-16
describes the flow of message filtering.

The module loops through all the filters, starting with filter 0, which is the highest priority filter.
The message in the Receive Message Assembly Buffer (RXMAB) is compared to the filter and
mask. In case the message matches the filter, and it is received without any errors, the
message will be stored to the RX FIFO pointed to by the FnBP. Acceptance filtering is stopped,
and the associated RFIF is set.

If an RTR is received, the TXREQ bit of the TX FIFO pointed to by FnBP will be set.

Filtering will continue with the next filter, and RXOVIF will be set only when any one of the
following happens:
« A filter matches, but the RX FIFO is full.

* When multiple filters match the same message, and all matching RX FIFOs are full, only
the RXOVIF of the FIFO pointed to by the highest priority filter will be set.

* The RXOVIF will be set, if the TX FIFO is empty during an RTR (TXEN = 1, RTREN = 1).

If none of the filters match, the received message will be discarded.

Note: If the module receives a message that matches a filter, but the corresponding FIFO is a
TXFIFO (TXEN =1, RTREN = 0), the module will discard the received message.
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Figure 56-16:

Message Filtering Flow
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56.8.2.1 FILTERING STANDARD OR EXTENDED FRAMES

Figure 56-17 illustrates the flow of matching a single Filter Object to the received message in
the RXMAB.

The Filter Object can be configured to accept either Standard, Extended or both frames. If MIDE
is clear, both Standard and Extended frames will be accepted.

If the filter should only accept Standard frames, then MIDE must be set, and EXIDE must be
cleared. If the filter should only accept Extended frames, then both MIDE and EXIDE must be
set.

56.8.2.2 MASKBITS

The Mask Object is used to ignore selected bits of the received identifier. The masked bits (mask
bits with value ‘0’) of the RXMAB will not be compared with the bits in the Filter Object. For
example, to receive all messages with identifiers 0, 1, 2 and 3 it is required to mask the lower two
bits of the identifier by clearing the corresponding bits of the Mask Object.
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\i
No Check IDE:
Yes CFDxFLTOBJm.EXIDE == No®{ NO Match
RXMAB.IDE?
\i
Yes RXMAB.IDE == 0? No
\i
Base Format: Extended Format:
CFDxFLTOBJm.SID == CFDxFLTOBJm.SID ==
RXMAB.SID, No NO Match RXMAB.SID, No#{ NO Match
CFDxMASKm.MSID[i] = 0 are CFDxMASKm.MSID[i] = 0 are
Don't Care Don't Care
[ [
Yes Yes
SID11: CFDxFLTOBJm.EID ==
CFDXTDC.SID11EN RXMAB.EID,
and Ye CFDXMASKm.MEIDJi] = 0 are No#{ NO Match
CFDXMASKm.MSID11 Don't Care
No Yes
Check SID11:
Yes CFDxFLTOBJ.SID11 == No »{ NO Match
RXMAB.SID11?
Data Bytes:
> Match

?

Yes

Calculate number of bits to compare:
N =DNCNT
Calculate index:
M=18-N
Assemble Receive Data Bytes:

Compare:
CFDxFLTOBJm.EID<0:N> == RXDB<17:M> ?
CFDXMASKm.MEIDIi] = 0 are Don’t Care

RXDB = {RXMAB.DB0, RXMAB.DB1, RXMAB.DB2<7:6>}

Yes

>—N NO Match
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56.8.2.3 FILTERING ON DATABYTES

When the filter is configured to receive Standard frames, the EID part of the Filter and Mask
Object can be selected to filter on the data bytes. DNCNT in the CFDxCON is used to select
how many bits in the data bytes are compared. Table 56-10 explains how many data bits are
compared, and which filter bits and data bits are compared.

If DNCNT is:

» ‘0, then data byte filtering is disabled.

» Non-zero, the filtering will commence on as many data bits as specified in DNCNT. A filter
hit will require matching of the SID bits and a match of n data bits with the filter's EID<0:17>
bits. Data Byte 0<7> is always compared to EID<0>, Data Byte 0<6> to EID<1>, Data
Byte 2<6> to EID<17>.

» Greater than 18, indicating that the user selected number of bits is greater than the total
number of EID bits, the filter comparison will terminate with the 18th bit of the data.

» Greater than 16, and the received message has DLC = 2, indicating a payload of two data
bytes, the filter comparison will terminate with the 16th bit of the data.

» Greater than 8, and the received message has DLC = 1, indicating a payload of one data
byte, the filter comparison will terminate with the 8th bit of the data.

» Greater than 0, and the received message has DLC = 0, indicating no data payload, the fil-
ter comparison will terminate with the identifier.

56.8.2.4 12-BIT STANDARD ID

Setting CFDXTDC.SID11EN allows the use of RRS as bit 12 of the SID (LSB). 12-bit SID mode
is only available for CAN FD Base frames. The filter is extended by SID11 and MSID11. Data
bytes can also be filtered in this mode.

Table 56-10: Data Byte Filter Configuration

Received Message Data Bits to be EID Bits Used for
DNCNT<4:0> Comparengyte <bits> Acceptance Filter
00000 No comparison No comparison
00001 Data Byte 0<7> EID<0>
00010 Data Byte 0<7:6> EID<0:1>
00011 Data Byte 0<7:5> EID<0:2>
00100 Data Byte 0<7:4> EID<0:3>
00101 Data Byte 0<7:3> EID<0:4>
00110 Data Byte 0<7:2> EID<0:5>
00111 Data Byte 0<7:1> EID<0:6>
01000 Data Byte 0<7:0> EID<0:7>
01001 Data Byte 0<7:0> and Data Byte 1<7> EID<0:8>
01010 Data Byte 0<7:0> and Data Byte 1<7:6> EID<0:9>
01011 Data Byte 0<7:0> and Data Byte 1<7:5> EID<0:10>
01100 Data Byte 0<7:0> and Data Byte 1<7:4> EID<0:11>
01101 Data Byte 0<7:0> and Data Byte 1<7:3> EID<0:12>
01110 Data Byte 0<7:0> and Data Byte 1<7:2> EID<0:13>
01111 Data Byte 0<7:0> and Data Byte 1<7:1> EID<0:14>
10000 Data Byte 0<7:0> and Data Byte 1<7:0> EID<0:15>
10001 Byte 0<7:0> and Byte 1<7:0> and Byte 2<7> EID<0:16>
10010 to 11111 |Byte 0<7:0> and Byte 1<7:0> and Byte 2<7:6> EID<0:17>
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Figure 56-18 illustrates how the first 18 data bits of the received message data payload are
compared with the corresponding EID bits of the message acceptance filter
(CFDxFLTOBJN.EID). The IDE bit of the received message must be ‘0’.

Figure 56-18: CAN Operation with DeviceNet™ Filtering

STANDARD MESSAGE DATA FRAME
f, 'D'i';'EEER I — — — IDATABYTE 0 [DATABYTE 1 | DATABYTE 2 |- — = — — — = — — — — — - 7EEO;ith S'Eﬁs
F
/ \ / \\\
/ A /
/ MESSAGE SID<10:0> ‘ '/ DataByte 0 Data Byte 1 DataByteZ ~
[sotofsipa- - - - - IS'DOI |7| [5¢]s[2[1[o] [7[¢[s]4]3]2[+]o ||7|6|5| [3[2]1]o]

L
> > Accept/Reject Message

————— |EID15| | EID16| EID17|

[
|SID10|SID9| ————— |SIDO| |EIDO| EID1 |- - - -|EID7 ||EID8|EID9|
MESSAGE ACCEPTANCE FILTER MESSAGE ACCEPTANCE FILTER
SID<10:0> EID<0:17>

Note: The DeviceNet™ filtering configuration shown for EID bits is DNCNT<4:0>=10010.
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56.9

MESSAGE RECEPTION

The application has to configure the RX FIFO before it can be used for reception, see
56.5.10.4 “Receive FIFO Configuration”. In addition, the application has to configure and
enable at least one filter, see 56.8.1 “Filter Configuration”.

The Controller Area Network with Flexible Data-rate (CAN FD) continuously monitors the CAN
bus. Messages that match a filter are stored in the RX FIFO pointed to by the filter, see
56.8.2 “Filtering a Received Message”. The message data is stored in Receive Message
Objects.

56.9.1 Receive Message Object

Table 56-11 specifies the Receive Message Object used by the RX FIFOs. The receive objects
contain the message ID, control bits, payload and timestamp:

» SID: Standard Identifier (ID) or Base ID.

» EID: Extended ID.

» DLC: Data Length Code; specifies the number of data bytes in the frame (see
56.2.1.1 “DLC Encoding”).

< |IDE: ID Extension; IDE = 0 means a Base ldentifier frame is received, IDE = 1 means an
Extended Identifier frame is received.

* RTR: Remote Transmit Request; this bit is only specified in CAN 2.0 frames. If this bit is
set, the module is requested to respond with a frame transmission.

« FDF: FD Format; if this bit is set, a CAN FD frame is received; otherwise, a CAN 2.0 frame
is received.

+ BRS: Bit Rate Switch; the data phase of a CAN FD frame is received using DBR if this bit is
set. If the bit is clear, the whole frame is received using NBR.

» ESI: Error State Indicator; the ESI bit reflects the error status of the transmitting node. A
recessive ESI bit in a CAN FD frame indicates that the transmitting node is error passive, a
dominant bit shows that the transmitting node is error active.

* FILHIT: Indicates the number of the filter that matched the received message.

« RXMSGTS: Timestamp of the received message. Timestamping can be enabled for each
RX FIFO individually using CFDxFIFOCONN.RXTSEN. The Receive Message Object will
not contain RXMSGTS, if timestamping is disabled.

* Receive Buffer Data: contains the payload of the message. The maximum payload is
configured in CFDxFIFOCONN.PLSIZE.

56.9.1.1 READING A RECEIVE MESSAGE OBJECT

Before reading a Receive Message Object, the application must ensure that the RX FIFO is not
empty, by reading the CFDxFIFOSTAN register. The RX FIFO is not empty if TFNRFNIF is set.

The RX FIFO User Address points to the address in RAM of the next Receive Message Object
to read. The actual address in RAM is calculated using Equation 56-1. RO of the Receive Mes-
sage Object is read first, followed by R1, R2 and so on.

Equation 56-1: Address of Next Message Object

A = CFDxFIFOBA + CFDxFIFOUAn

After the Receive Message Object is read from RAM, the RX FIFO needs to be incremented by
setting CFDxFIFOCON.UINC. This will make the Controller Area Network with Flexible Data-rate
(CAN FD) to increment the Tail of the FIFO, and update CFDxFIFOUAn.

Now the application can read the next message from the RX FIFO.
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TABLE 56-11: RECEIVE MESSAGE OBJECT
Word Bit 15/7 | Bit 14/6 ‘ Bit 13/5 ‘ Bit 12/4 ‘ Bit 11/3 Bit 10/2 ‘ Bit 9/1 ‘ Bit 8/0
RO 15:8 EID<4:0> SID<10:8>
7:0 SID<7:0>
R1 15:8 — | = ] sonn | EID<17:6>
7:0 EID<12:5>
R2 15:8 FILHIT<4:0> — — ESI
7:0 FDF BRS RTR IDE DLC<3:0>
R3 15:8 — — — — — — — —
7:0 — — — — — —_ —_ —_
R4 @ 15:8 RXMSGTS<15:8>
7:0 RXMSGTS<7:0>
R5 ) 15:8 RXMSGTS<31:24>
7:0 RXMSGTS<23:16>
Re (1) 15:8 Receive Data Byte 1
7:0 Receive Data Byte 0
r7 M 15:8 Receive Data Byte 3
7:0 Receive Data Byte 2
R8 15:8 Receive Data Byte 5
7:0 Receive Data Byte 4
R9 15:8 Receive Data Byte 7
7:0 Receive Data Byte 6
Ri-1 15:8 Receive Data Byte n-2
7:0 Receive Data Byte n-3
Ri 15:8 Receive Data Byte n
7:0 Receive Data Byte n-1
bit RO. 15:11 EID<4:0>: Extended Identifier
bit R0.10-0  SID<10:0>: Standard Identifier
bit R1.15-14 Unimplemented: Read as ‘X’
bit R1.13 SID11: In FD mode the standard ID can be extended to 12 bit using r1
bit R1.12-0  EID<13:0>: Extended |dentifier
bit R2.15-9  SEQ<6:0>: Sequence to keep track of transmitted messages in Transmit Event FIFO
bit R2.8 ESI: Error Status Indicator
In CAN to CAN gateway mode (CFDxCON.ESIGM = 1), the transmitted ESI flag is a “logical OR” of
T1.ESI and error passive state of the CAN controller;
In normal mode ESI indicates the error status
1 = Transmitting node is error passive
0 = Transmitting node is error active
bit R2.7 FDF: FD Frame; distinguishes between CAN and CAN FD formats
bit R2.6 BRS: Bit Rate Switch; selects if Data Bit Rate is switched
bit R2.5 RTR: Remote Transmission Request; not used in CAN FD
bit R2.4 IDE: Identifier Extension Flag; distinguishes between base and extended format
bit R2.3-0 DLC<3:0>: Data Length Code
bit R3 15:11 EID<4:0>: Extended |dentifier
bit R3.15:0  Unimplemented: Read as ‘X’
bit R4.15:0 RXMSGTS<31:0>: Receive Message Timestamp
bit R5.15:0 RXMSGTS<31:0>: Receive Message Timestamp
Note 1: RXMOBJ: Data Bytes 0-n: payload size is configured individually in the FIFO control register

(CFDxFIFOCONN..PLSIZE<2:0>).
2: R2 (RXMSGTS) only exits in objects where CFDxFIFOCONN.RXTSEN is set.

© 2018 Microchip Technology Inc.
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56.9.2 Receive State Diagram

Figure 56-19 illustrates how messages are received. It illustrates how the most important
receive flags are set and cleared:

» The Controller Area Network with Flexible Data-rate (CAN FD) remains idle until a SOF is
detected.
« After a SOF is detected, the module will receive the Arbitration and Control fields.

» Based on the DNCNT and the received DLC, acceptance filtering will start. See
Figure 56-16 for more details.

« If none of the filters match, the message will still be received, but it will not be stored.
« If a filter matches, the device checks whether the receive object, the filter points to, is full.
« If the receive object is full, the RXOVIF will be set.

« If the receive object is not full, the rest of the data bytes are received and stored to the
receive object.

« If a complete message is received, the message will be stored, a timestamp will be
attached, and the receive flags will be set: the FIFO status flags will be updated, and the
FIFO head will be incremented.

* In case an error is detected, during the reception of a message, an Error frame will be
transmitted and the appropriate Error Flags will be set.

Figure 56-19: Receive State Diagram
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Set FIFO status Set Error Flags

flags

Error

Error Receive Rest of
Receive Message
ARBITRATION
and CTRL field
Success

DNCNT>0 and DLC>0?
Error

No

Error Eitter Match?

Receive
DATA BYTE 0-3

Success

Receive Rest of

Message

Yes

Receive
remaining
DATA BYTES
And Store them

Set RXOVIF
fect Full?

Yes
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56.9.3 Resetting RX FIFO

A receive FIFO can be reset by using any one of these:

+ Setting the CFDxFIFOCONN.FRESET
» Placing the module in Configuration mode (OPMOD = 100)

Resetting the FIFO will reset the head and tail pointers, and the CFDxFIFOSTAN register. The
settings in the CFDxFIFOCONN registers will not change.

Before resetting an RX FIFO using FRESET, ensure that no enabled filter is pointing to the
FIFO.

56.9.4 Mismatch of DLC and Payload Size During Reception

The PLSIZE reserves a certain number of bytes in the Receive Message Object. The module
handles mismatches between DLC and payload size as follows:

« If the number of bytes specified by the DLC is smaller than the number of bytes specified
by the PLSIZE, the received message bytes will be stored in the message object, without
any padding.

+ If the number of bytes specified by the DLC is bigger than the number of bytes specified by
the PLSIZE, the data bytes that fit in the Receive Message Object are stored, the other
data bytes that do not fit are discarded. The module ensures that the next message object
in RAM does not get overwritten. The module will store the message in the receive object
and the RX FIFO status flags will be updated. In addition, the CFDxINT.IVMIF and CFDxB-
DIAG1.DLCMM flags will be set.

56.9.5 Message Reception Code Example

A code example to receive the CANFD extended frame using filter 0 and saving the messages
in the FIFO 1 is shown in Example 56-1.

Example 56-1: Message Reception
#include <xc.h>

/* This code example demonstrates a method to configure the CAN FD
module to receive the extended ID AN FD messages. This uses CAN1,
FIFOl and filter 0. FIFOl is coniigured to receive 2 messages. */

/* Include fuse configuratior: code here. */
#define MAX WORDS 100
unsigned int  attrikbute ((aligned(4)))CanRxBuffer [MAX WORDS];

/*data structure to implement a CANFD message buffer. */
/* CANFD Message Time Stamp */
typedef unsigned long CANFL MSG TIMESTAMP;
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Message Reception Code Example - Continued

/* CANFD RX Message Object Control*/
typedef struct CANFD RX MSGOBJ CTRL ({
unsigned DLC:4;
unsigned IDE:1;
unsigned RTR:1;
unsigned BRS:1;
unsigned FDF:1;
unsigned ESI:1;
unsigned unimplementedl:2;
unsigned FilterHit:5;
unsigned unimplemented2:16;
} CANFD RX MSGOBJ CTRL;
/* CANFD RX Message ID*/
typedef struct CANFD MSGOBJ ID ({
unsigned SID:11;
unsigned long EID:18;
unsigned SID11:1;
unsigned unimplenrantedl:2;

} CANFD MSGOBJ ID;

/* CANFD RX Message Object */
typedef vrion CANFD RX MSGOBJ {
struct {
CANFD MSGOBJ ID id;
CANFD RX MSGOBJ CTRL ctrl;
CANFD MSG TIMESTAMP timeStamp;
} bF;
unsigned int word[4];
unsigned char byte[8];
} CANFD RX MSGOBJ;

int main (void)

{
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Message Reception Code Example - Continued

/* The PIC32 device features I/0 remap. This I/O remap configuration
for the CAN FD module can be performed here. */

SetIORemapForECANModule () ;

/* Enable the CANFD module */
CFD1CONbits.CON = 1;

/* Place CAN module in configuration mode */
CFD1CONbits.REQOP = 4;
while (CEFDICONbits.OPMOD != 4);

/* Initialize the CIFIFOBA with the start address of the CAN FIFO
message buffer area. */

CFDIFIFOBA = (unsigned int) &CanRxBuffer;

/* Set up the CANFD module for 1 Mbps of Nominal bit rate speed and
2 Mbps of Data bit rate. */

CFDINBCFG = 0x003EOFOF;
CFD1DBTCFG = 0x001E0707;
CFD1TDC = 0x00021F00; //TDCMCL is Auto

/* Configure CANFD module to enable BRS */

CFD1CONbits.BRSDIS := 0x0;

CFD1CONbits.STEF = 0x0; //Don't save transmitted messages in TEF
CFD1CONbits.T/ZQEN = 0x0; // No TXQ

/* Configore FIFOl to Receive 2 messages*/
CFD1FITOCONlbits.FSIZE = 0x1l; //2 messages
CFDIFIFOCONlbits.PLSIZE = 0x7; //64 bytes of data
CFDIFIFOCONlbits.TXEN = 0x0; //Receive fifo
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Message Reception Code Example - Continued

/* Configure filter 0 and MASK 0 to accept extended id messages with
id = 2 and 3 */
CFD1FLTCONObits.FOBP = 1; // message stored in FIFOl

CFDIFLTOBJO = 0x40001000; // EID = 0x00002, Match m2ssages with
//extended identifier address.

CFDIMASKO = OxFFFFF7FF; // MEID = Ox1FFFE - Last it 13 0. Match Message
//Types

CFD1FLTCONObits.FLTENO = 1; // Enable the filter 0

/* Place the CAN module in Normal mode. */
CFD1CONbits.REQOP = O0;
while (CFD1CONbits.OPMOD != 0);

/* Get the address of the message buffer to read the received
messages.*/

/* set UINC bit to updete the FIFO tail */

CANFD RX MSGOBJ *rxCbi;

rxObj = (CANFD RX MSGOBJ *)CFDIFIFOUAIL;

while (CFD1FIFOSTAlbits.TENRENIF ==0) ;

//Process th= received messages

CFDIFIFOCON1bits.UINC = 1; // Update the FIFO message pointer.
while (1) ;

}
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56.10 FIFO BEHAVIOR

This section explains the FIFO behavior when TEF and TXQ are enabled. FIFO1 is configured
as a TX FIFO, and FIFO2 as an RX FIFO. The remaining FIFOs are not configured.

Note 1: The start addresses are calculated based on the number of objects in the FIFO and
the PLSIZE.

2: The start addresses of FIFOs given in Table 56-12 are calculated when TEF starts
at 0x1400.

Table 56-12: Example FIFO Configuration

FIFO %b::::tg p:f)C’)lgjaedct Timestamp ng::(;: B{:tlisom Start Address
TEF 12 N/A Yes 12 144 0x1400
T™XQ 8 32 N/A 40 320 0x1490
FIFO1 5 64 N/A 72 360 0x15D0
FIFO2 16 64 Yes 76 1216 0x1738
FIFO3 N/A — — — — 0x1BF8

56.10.1 FIFO Status Flags

FIFO 1 through FIFO 31 can be configured as transmit or receive FIFOs. The same status flags
in CFDxFIFOSTAN are used for transmit and receive FIFOs. The status flags behave differently
based on the selected configuration.

56.10.1.1 TX FIFO STATUS FLAGS

There are three transmit status flags:

* TFEIF (TEERFFIE): Transmit FIFO Empty IF; set when the FIFO is empty.

* TFHIF (TEHRFHIE): Transmit FIFO Half Empty IF; set when FIFO is less than half full.
* TFNIF (TENRFNIE): Transmit FIFO Not Full IF; set when FIFO is not full.

The status flags of a transmit FIFO are set, when there is space to load a new message object
into the FIFO. Before the first message object is loaded (after the FIFO is reset), all status flags
are set. When the FIFO is fully loaded, all flags are cleared.

56.10.1.2 RX FIFO STATUS FLAGS

There are three receive status flags:
* RFFIF (TFEREEIF): Receive FIFO Full IF; set when the FIFO is full.
* RFHIF (TFHREHIF): Receive FIFO Half Full IF; set when the FIFO is at least half full.

* RFNIF (TFNRENIF): Receive FIFO Not Empty IF; set when there is at least one message
in the FIFO.

The status flags of the receive FIFO are set, when there are received messages in the FIFO.
Before the first message is received (after the FIFO is reset), all status flags are cleared. When
the FIFO is full, all flags are set.

56.10.1.3 TXQ STATUS FLAGS

There are two TXQ status flags:

* TXQEIF: TXQ Empty IF - set when the TXQ is empty.
* TXQNIF: TXQ Not Full IF - set when TXQ is not full.

The status flags of the TXQ are set, when there is space to load a new message object into the
TXQ. Before the first message object is loaded (after the TXQ is reset), all status flags are set.
When the TXQ is fully loaded, all flags are cleared.

56.10.1.4 TEF STATUS FLAGS

There are four TEF status flags:
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» TEFFIF: TEF Full IF - set when the TEF is full

» TEFHIF: TEF Half Full IF - set when the TEF is at least half full

« TEFNEIF: TEF Not Empty IF - set when there is at least one message in the TEF
* TEFOVIF: TEF Overrun IF - set when overflow has occurred

The status flags of the TEF are set, when there are transmitted messages in the FIFO. Before
the first message is stored (after the TEF is reset), all status flags are cleared. When the TEF is
full, all flags are set.

56.10.2 Transmit FIFO Behavior

FIFO 1 is configured as a TX FIFO. CFDxFIFOCONn is used to control the FIFO.
CFDxFIFOSTANn contains the status flags, and the FIFO Index (FIFOCI). CFDxFIFOUAN
contains the user address of the next transmit message object to be loaded.

The actual RAM address is calculated using Equation 56-1.

Figure 56-20 through Figure 56-25 illustrate how the status flags, user address and FIFO Index
are updated.

Figure 56-20 shows the status of FIFO 1 after reset. Message Objects MOO to MO4 are empty.
All status flags are set. The user address and the FIFO Index point to MOO.

Figure 56-20: FIFO 1 — Initial State

CFDxFIFOUAT = 0x1D0 MOD
CFDxFIFOSTM/ MO1
FIFOCI = 0

TFEIF = 1 MO2
TFHIF = 1

TFNIF = 1 MO3
CFDXFIFOCON1: MO4
THREG =0

Figure 56-21 illustrates the status of FIFO 1 after the first message (MSGO0) is loaded. MOO now
contains MSGO. The user application sets CFDxFIFOCONN.UINC, which causes the FIFO head
to advance. The user address now points to MO1. TFEIF is cleared, since the FIFO is no longer
empty. The user application now sets TXREQ to request the transmission of MSGO.

Figure 56-21: FIFO 1 — First Message Loaded

CEDxFIFOUA1 = 0218 MOOMSGO
CEDXFIFOSTA1: MO1
FIFOCI = 0

TFEIF=0 MO2
TFHIF = 1

TFNIF = 1 MO3
CFDxFIFOCON1: MO
THREQ = 1

Figure 56-22 illustrates the status of FIFO 1 after MSGO is transmitted. The FIFO is empty again.
TFEIF is set, and TXREQ is cleared. FIFOCI now points to MO1 with user address 0x218.
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Figure 56-22: FIFO 1 - First Message Transmitted

CFDXFIFOUA1= 05213 MO
CFDXFIFOSTA1: MO1
FIFOCI = 1

TFEF =1 MO2
TFHIF = 1

TFNIF = 1 MO3
CFDxFIFOCON1: MO4
THREGQ =0

Figure 56-23 llustrates the status of FIFO 1 after three more messages are loaded:
MSG1-MSG3. The user address now points to MO4. TFHIF is cleared, because the FIFO is now
less than half empty.

Figure 56-23: FIFO 1 — Three More Messages Loaded

CFDxFIFOUA1 = x2F 0 MOD
CFDxFIFOSTA1: MO1MSG1
FIFOCI = 1

TFEIF =0 MOZMSG2
TFHIF =0

TFMIF = 1 MO3MEG3
CFDxFIFOCON1: MO
TH¥REQ =0

Figure 56-24 illustrates the status of FIFO 1 after two more messages are loaded: MSG4 and
MSG5. C1FIFOUA1L now points to MO1. All status flags are now cleared, because the FIFO is
full. The user address and the FIFO Index now point to MO1. The user application now sets
TXREQ to request the transmission of MSG1-MSG5.

Figure 56-24: FIFO 1 — FIFO Fully Loaded

CFDxFIFOUA1= 0218 MODMSGES
CFDxFIFOSTA1: MOTMSGT
FIFOCI = 1

TFEIF =0 MO2MSG2
TFHIF =0

TFMIF =0 MOSMSG3
CFDxFIFOCON1: MO4MMSG4
THREG =1

Figure 56-25 illustrates the status of FIFO 1 after MSG1-MSG5 are transmitted. The FIFO is
empty again. All status flags are set, and TXREQ is cleared. The user address and the FIFO
Index point to MO1 again.
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Figure 56-25: FIFO 1 — FIFO Fully Transmitted

CFDxFIFOUA1=0x218 MO0
CFDxFIFOSTA1: MO
FIFOCI = 1

TFEIF =1 MO2
TFHIF = 1

TFMF = 1 MO3
CFDxFIFOCON1: Mo
THEREQ =0

56.10.3 Receive FIFO Behavior

FIFO 2 is configured as an RXFIFO. CFDxFIFOCON2 is used to control the FIFO.
CFDxFIFOSTA2 contains the status flags, and the FIFO Index (FIFOCI). CFDxFIFOUA2
contains the user address of the next message object to read.

The actual RAM address is calculated using Equation 56-1.

Figure 56-26 through Figure 56-33 illustrate how the status flags, user address and FIFO Index
are updated.

Figure 56-26 shows the status of FIFO 2 after the reset. Message Objects MOO to MO15 are
empty. All status flags are cleared. The user address and the FIFO Index point to MOO.

Figure 56-26: FIFO 2 — Initial State

CFDxFIFOUA2 = 0x338 MOD
CFDxFIFOSTAZ: _~~ M O1
FIFOCI = 0

RFFIF = 0 MO2
RFHIF = 0 :
RFNIF = 0
RXOVIF = 0 ‘ e

Figure 56-27 illustrates the status of FIFO 2 after the first message (MSGO) is received. MOO
now contains MSGO. The FIFO Index now points to MO1. RFNIF is set, since the FIFO is not
empty anymore.

Figure 56-27: FIFO 2 — First Message Received

CFDxFIFOUAZ = (338 _____ g MOOMSGO

CFDxFIFOSTAZ: MO1
FIFOC =1 —— 7

RFFIF = 0 MQe
RFHIF =0 y
RFMIF = 1
RXOVIF =0 ‘ MO15

Figure 56-28 illustrates the status of FIFO 2 after MSGO is read. The user application reads the
message from RAM and sets CFDxFIFOCONN.UINC. The user address increments and points
to MO1. The FIFO Index is unchanged. The FIFO is empty again. All flags are cleared.
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Figure 56-28: FIFO 2 - First Message Read

CFDXFIFOUA2 = (X384 MO0
CFDXFIFOSTA2: MO
FIFOCI = 1
RFFIF =0 MO2
RFHIF =0
RFNIF =0
RXCVIF =0

MO15

Figure 56-29 illustrates the status of FIFO 2 after eight more messages are received: MSG1-MSG8.
The user address still points to MO1. RFNIF and RFHIF are set, because the FIFO is now half full.

The FIFO Index points to MO9.

Figure 56-29: FIFO 2 — Half Full

CFDxFIFOUAZ =0x384 W0
CFDxFIFOSTAZ: \ MO SGE 1
FIFQOCI =9
RFFIF =0 WO SGE2
RFHIF = 1
RFEMIF = 1
FHOVIF =0
M OB S5
W29
W10
|
W15

Figure 56-30 illustrates the status of FIFO 2 after 10 more messages are received: MSG5-MSG15.
The user address still points to MO1. The FIFO Index points to MOO. RFNIF and RFHIF are set.

Figure 56-30: FIFO 2 — FIFO Almost Full

CFDxFIFOUAZ = (0x384 W 00
CFDxFIFOSTAZ: MM SG 1
FIFOCI =0
RFFIF = 0 MO2IMSGE2
RFHIF = 1
RFMIF =1
RXOVIF =0

MOTEMSE 15
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Figure 56-31 illustrates the status of FIFO 2 after one more message is received: MSG16. All
status flags are set, because the FIFO is full. The user address and the FIFO Index point to MO1.

Figure 56-31: FIFO 2 — FIFO Full

CFDXFIFOUAZ = 0x384 MOOMSG 15
CFDxHFOSTAz:,///\/; MO1/MSG 1
FIFOCI = 1
RFFIF =1 MO2MSG2
RFHIF =1
RFNIF =1
RXQVIF =0

MO15MSG15

Figure 56-32 illustrates the status of FIFO 2 after one more message is received. Since FIFO 2
is already full, an overflow occurs. The message is discarded, and RXOVIF is set. The user

address and FIFO Index has not changed.

Figure 56-32: FIFO 2 — FIFO Overflow

CFDxFIFOUAZ = 0x384 M O0MSG 16
CFDxFlFOSTAE:/> W O1MSGI
FIFOCI =1
RFFIF =1 MO2/MSG2
RFHIF = 1
RFMIF = 1
FROVIF = 1

WMO15MSE15

Figure 56-33 illustrates the status of FIFO 2 after the application cleared RXOVIF and read two
more messages. RFFIF is clear because the FIFO is not full anymore. The user address points

to MO3. The FIFO Index has not changed.

Figure 56-33: FIFO 2 — Two More Messages Read

CFDxFIFOUAZ=0x41C W OO SG 16
CFDxFIFOSTAZ: MO
FIFOCI = 1
RFFIF =0 MO
RFHIF = 1
REMIF = 1 MO SG3
RXOVIF =0
M O4/MSG4
H
MO15MSG 15
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56.10.4 Transmit Queue Behavior

CFDxTXQCON is used to control the TXQ. CFDxTXQSTA contains the status flags, and the TXQ
Index (TXQCI). CFDxTXQUA contains the user address of the next transmit message object to
be loaded.

The TXQClI is used by the Controller Area Network with Flexible Data-rate (CAN FD) to calculate
the next message to transmit. TXQCI is not incremented linearly. It is recalculated every time a
message gets transmitted, or TXREQ gets set.

The actual RAM address is calculated using Equation 56-1.

Figure 56-34 through Figure 56-39 illustrate how the status flags and user address are updated.
There is no need for the user application to use TXQCI, therefore, it is not shown in the figures.

Figure 56-34 shows the status of the TXQ after reset. Message Objects MOO to MO7 are empty.
All status flags are set. The user address points to MOO.

Figure 56-34: TXQ - Initial State

CFDXTXQUA = Ox080 — g M0
CFDXTXQSTA: M1
THQEIF = 1

TXANIF = 1 MO2
CFDXTXQCON: i
THREQ = 0 pe-

Figure 56-35 illustrates the status of the TXQ after the first message (MSGO) is loaded. MOO now
contains MSGO. The user application sets CFDxTXQCON.UINC, which causes the FIFO head
to advance. The user address now points to MO1. TXQEIF is cleared, since the queue is not
empty anymore. The user application now sets TXREQ to request the transmission of MSGO.

Figure 56-35: TXQ - First Message Loaded

CFDXTXQUA = 0x0E8 M O0MSGD
CFDXTXQSTA: (*Te}
THOEIF = 0
THONIF = 1 M2
CFDXTXQCON:
TXRED = 1 '

M Q7
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Figure 56-36 illustrates the status of the TXQ after MSGO is transmitted. The TXQ is empty again.
TFEIF is set, and TXREQ is cleared. The user address still points at MO1, because UINC is not

set.

Figure 56-36: TXQ - First Message Transmitted

CFDxTXQUA = 0=0B8

CFDXTXQSTA: \

THQEIF =1
THAMIF =1

CFDxTXQCON:
THREG =0

M0

M

M2

M7

Figure 56-37 illustrates the status of the TXQ after MSG1 is loaded, and UINC is set. The user
address now points to the next free message object: MOOQ.

Figure 56-37: TXQ — Next Message Loaded

CFDXTXQUA = 0x090 g MO0
CFD.‘(TXQSTA: WO IMSGE
THCQEIF=0
THOAMIF =1 M2
CFDxTXQCOMN:
TXREQ =0

M7

Figure 56-38 illustrates the status of the TXQ after six more messages are loaded: MSG2-MSG7.
The user address now points to the last free message object: MO7.

Figure 56-38: TXQ — Next Six Messages Loaded

CFDXTXQUA = Ox1A8

CFDxTXQSTA:
THQEIF =0
THAMIF =1

CFDxTXQCON:
THREQ =0

M O0MEG2

MOTMSG

W O2MSG3

M OIMSG4

M O4HMSGE

M OS/ME5GE

WM OBMSGT

M7
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Figure 56-39 illustrates the status of the TXQ after MSG8 is loaded, and UINC is set. The TXQ
is now full, all flags are cleared. The user address now points to MOO. The user application now
sets TXREQ. The messages will be transmitted based on the priority of their IDs.

Figure 56-39: TXQ - Full

CFDxTXQUA = 0x080 g MOIMSGE2
CFDxTXQSTA: MOMSG T
THQEIF =0
THOMIF =0 M O2AMSE3
CFDxTXQCON: M OAMSEH
THREQ =1
W OMSEE
M OMSGEE
M OBMSGET
M OFMSEE

56.10.5 Transmit Event FIFO Behavior

CFDXTEFCON is used to control the TEF. CFDXTEFSTA contains the status flags. CFDxTEFUA
contains the user address of the next message object to read.

The actual RAM address is calculated using Equation 56-1.

Figure 56-40 through Figure 56-47 illustrate how the status flags and user address are updated.
The TEF stores transmitted messages. Therefore, the flags behave similar to an RX FIFO.

Figure 56-40 shows the status of the TEF after reset. Message Objects MOO to MO11 are empty.
All status flags are cleared. The user address points to MOO.

Figure 56-40: TEF - Initial State

CFDXTEFUA = 0x000 - MO0
CFDXTEFSTA: MO
TEFFIF =0
TEFHIF =0 MQ?2
TEFNEIF =0
TEFCYIF =0

MO 1
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Figure 56-41 shows the status of the TEF after the first transmit message is stored. MOO contains
IDO, the ID of MSGO. TEFNEIF is set, since the TEF is not empty. The user address points to

MOO.

Figure 56-41: TEF - First Transmit Message is Stored
CFDxTEFUA = 0x000 -~ 10/ D0
CFDxTEFSTA: [Fle}
TEFFIF =0
TEFHIF =10 M2
TEFMEIF =1 t
TEFOVIF =0 i

M1

Figure 56-42 illustrates the status of the TEF after IDO is read. The user application reads the ID
from RAM and sets CFDxTEFCON.UINC. The user address increments and points to MO1. The
TEF is empty again. All flags are cleared.

Figure 56-42: TEF - First ID Read

CFDXTEFUA = 0x00C MOD

CFDXTEFSTA: \ MO

TEFFIF =0

TEFHIF =0 MO2

TEFNEIF =0 :

TEFCVIF =0 i
MO11

Figure 56-43 illustrates the status of the TEF after six more messages are transmitted:
MSG1-MSG6. The user address points to MO1. TEFNEIF and TEFHIF are set, because the TEF
is now half full.

Figure 56-43: TEF — Half Full

CFDXTEFUA = 0x00C QD
CFDXTEFSTA: \A MO1/1D1
TEFFIF =n
TEFHIF = 1 MO2/ D2
TEFNEIF = 1
TEFOVIF = o
MOBA DB
MOT
MO8
MOT1
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Figure 56-44 illustrates the status of the TEF after five more messages are transmitted:
MSG7-MSG11. The user address still points to MO1. TEFNEIF and TEFHIF are set.

Figure 56-44: TEF — Almost Full

CFDXTEFUA = 0x00C MO

CFDXTEFSTA: \\ MO D

TEFFIF =0

TEFHIF = 1 WO D2

TEFMEIF =1 T

TEFOVIF = 0 i
MO 11011

Figure 56-45 illustrates the status of the TEF after one more message is transmitted: MSG12. All
status flags are set, because the TEF is full. The user address points to MO1.

Figure 56-45: TEF - Full

CFDxTEFUA = 0:00C MOOID12
CFDxTEFSTA: MOTAD
TEFFIF =1
TEFHIF =1 MO2N02
TEFMEIF =1
TEFOVIF =0

WO 1011
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Figure 56-46 illustrates the status of the TEF after one more message is transmitted. Since the
TEF is already full an overflow occurs. The ID is discarded, and TEFOVIF is set. The user
address remains unchanged.

Figure 56-46: TEF — Overflow

CFDxTEFUA = Dx00C MO0AD1 2
CFDxTEFSTA: MO/ 01
TEFFIF = 1
TEFHIF =1 W2/ 02
TEFMEIF =1
TEFOWIF =1

M1 11011

Figure 56-47 illustrates the status of the TEF after the application cleared TEFOVIF and read one
more message. TEFFIF is clear, because the TEF is not full anymore. The user address points

to MO2.

Figure 56-47: TEF — One More ID Read
CFDxTEFUA =0x018 WOD/ID2
CFDXTEFSTA: MO
TEFFIF =0
TEFHIF =1 MQOZI02
TEFMNEIF =1
TEFOVIF =0 MQ3/03

|
WO A0
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56.11 TIMESTAMPING

The Controller Area Network with Flexible Data-rate (CAN FD) contains a Time Base Counter
(TBC). The TBC is a 32-bit free-running counter that increments on multiples of SYSCLK and
rolls over to zero when:

+ CFDxTSCON.TBCPRE is used to configure the prescaler for the TBC.

» Setting CFDxTSCON.TBCEN enables the TBC.

» Clearing TBCEN disables, stops and resets the TBC.

* The TBC has to be disabled before writing to CFDxTBC by clearing CFDxTSCON.TBCEN.

* CFDxTEFCON.TEFTSEN has to be set to timestamp messages in the TEF.

* CFDxFIFOCONN.RXTSEN has to be set to timestamp messages in the individual
RX FIFO.

* The application can read CFDxTBC at any time. Similar to any multi-byte counter, the
application has to consider that the counter increments, and might roll-over while reading
different bytes of the counter.

All timestamps are 32-bit, allowing timestamps to be used for system time synchronization with
high resolution.

Arroll-over of the TBC will generate an interrupt, if TBCIE is set.

Messages can be timestamped either at the beginning of a frame or at the end, depending on
CFDXTSCON.TSEOF. When TSEOF = 0, CFDxTSCON.TSRES specifies if FD frames are
timestamped at SOF or the “reserved bit”. Table 56-13 specifies the reference points when the
timestamping occurs. At the reference point the value of the TBC CFDxTBC is captured and
stored into the message object:

* Receive Message Object: the TBC value is stored in RXMSGTS, see Table 56-11.

» TEF Object: the TBC value is stored in TXMSGTS, see Table 56-9.

Table 56-13: Reference Point

Frame CAN 2.0 CAN FD
Start of TX | Sample point of SOF Sample point of SOF or the bit after FDF
Start of RX | Sample point of SOF Sample point of SOF or the bit after FDF
Valid TX No error till end of EOF No error till end of EOF
Valid RX No error till the last but one bit of No error till the last but one bit of EOF
EOF
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56.12

INTERRUPTS

Interrupts can be classified into multiple layers. Lower layer interrupts propagate to higher
layers by multiplexing them into single interrupts. Figure 56-48 illustrates the layers of
interrupts:

* FIFO Individual Interrupts

* FIFO Combined Interrupts

* Main Interrupts

These interrupts are then funneled into three separate module interrupts:

* Receive Interrupt

e Transmit Interrupt

 Information Interrupt

All module interrupts are persistent, meaning the condition that caused the interrupt must be
cleared within the module for the interrupt request to be removed.

DS60001549A-page 56-130 Preliminary © 2018 Microchip Technology Inc.



Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

Figure 56-48: Interrupt Multiplexing
! FFOCombined | Maininterrupts ! Interrupt Pin
CFDXTXQSTA, CFDXTXQCON,  Inferrupts [ Interrupts I |
CFDXFIFOCON, CFDxFIFOSTAn | | I
R 31FFOS ' .
—RFFIF— ——CFDXINTRXE— RX Interuot
e CFDXNTRXIF——| rA Tniempt
A CFDXRXIF RFIF<31:1
—RFNEE—]
—RFNIF—]
17XQ
—TXQEIE—
—TXQEIF—]
CFDXTXIF.TFIF<0
—TXQNIEH
—TXQNIF—
—TFEET 31FFOS
—TFElF— ——CFDANT.TXE— TX Internuot
e CFDXNT.TXIF—— /) .
i CFDXTXIF.TFIF<31:1
—TFNIE—]
—TRNIF— —CFDxINT.RXOVIE—D_,_
CFDXINT RXOVIF—
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e % HE———croaxaTE TEATIE<D>
—CFDxINT.TXATIE—Df
CFDXINT. TXATIF—
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CFDXTEFSTA
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56.12.1 FIFO Individual Interrupts

CFDxFIFOCONRN contains Interrupt Enable and CFDxFIFOSTAN contains the Interrupt Flags for
the FIFOs. There is a separate register for each FIFO.

56.12.2 TRANSMIT QUEUE INTERRUPTS

CFDXxTXQCON contains Interrupt Enable and CFDxTXQSTA contains the Interrupt Flags for
the TXQ.

The TXQ interrupt occurs when there is a change in the status of the TXQ. There are two
interrupt sources:

* TXQ Not Full Interrupt - TXQNIF
* TXQ Empty Interrupt - TXQEIF

Both interrupts can be enabled individually. The interrupts cannot be cleared by the application;
they will be cleared when the condition of the FIFO terminates.

Both interrupt sources are OR’d together and reflected in the CFDxTXIF.TFIF<0> flag.

56.12.2.1 RECEIVE FIFO INTERRUPT - RFIF

The Receive FIFO interrupt occurs when there is a change in the status of the Receive FIFO.
There are three interrupt sources:

» Receive FIFO Full Interrupt - RFFIF

» Receive FIFO Half Full Interrupt - RFHIF

* Receive FIFO Not Empty Interrupt - RFNIF

All three interrupts can be enabled individually. The interrupts cannot be cleared by the
application, they will be cleared when the condition of the FIFO terminates.

The three interrupt sources are OR’d together and reflected in the CFDxRXIF<31:1> flag.

56.12.2.2 TRANSMIT FIFO INTERRUPT - TFIF
The Transmit FIFO interrupt occurs when there is a change in the status of the Transmit FIFO.
There are three interrupt sources:

» Transmit FIFO Not Full Interrupt - TFNIF
+ Transmit FIFO Half Empty Interrupt - TFHIF
e Transmit FIFO Empty Interrupt - TFEIF

All three interrupts can be enabled individually. The interrupts cannot be cleared by the
application, they will be cleared when the condition of the FIFO terminates.

The three interrupt sources are OR’d together and reflected in the CFDxTXIF<31:1> flag.

56.12.2.3 RECEIVE FIFO OVERRUN INTERRUPT — RXOVIF

When a message is successfully received, but the FIFO is full, the RXOVIF of the individual
FIFO is set. The flag must be cleared by the application.

56.12.2.4 TRANSMIT FIFO ATTEMPT INTERRUPT — TXATIF

When the retransmission of a message fails due to an error and all retransmission attempts are
exhausted, the TXATIF is set. The flag must be cleared by the application.

56.12.2.5 TRANSMIT EVENT FIFO INTERRUPT - TEFIF

The TEF interrupt occurs when there is a change in the status of the TEF. There are four
interrupt sources:

» TEF Full Interrupt - TEFFIF

« TEF Half Full Interrupt - TEFHIF

» TEF Not Empty Interrupt - TEFNEIF

* TEF Overrun Interrupt - TEFOVIF
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The TEF interrupts work similar to the Receive FIFO interrupts. All four interrupts can be
enabled individually.

TEFFIF, TEFHIF and TEFNEIF cannot be cleared by the application, they will be cleared when
the status of the FIFO terminates.

The TEFOVIF must be cleared by the application.
The four interrupt sources are OR’d together and reflected in the CFDxINT.TEFIF flag.

56.12.3 FIFO Combined Interrupts

The following interrupts are individual FIFO interrupts:

* FIFOs/TXQ: RFIF, TFIF, RFOVIF and TFATIF

They are combined into single interrupt status registers:

* CFDxRXIF, CFDxTXIF, CFDxRXOVIF and CFDxTXATIF.

The bits in the status registers are mapped to the FIFOs as follows: Bit 0 to TXQ, Bit1 to
FIFO 1, Bit 2 to FIFO 2, up to Bit 31 to FIFO 31. Since Bit 0 corresponds to the TXQ, Bit 0 of
CFDxRXIF and CFDxRXOVIF are reserved. Therefore, by reading one register the application
can check the status of all FIFOs for a particular interrupt (e.g. any RFIF pending).

The FIFO interrupts are enabled in CFDxFIFOCONN.
TXQ interrupts are enabled in CFDxTXQCON.
Clearing of the FIFO interrupts is explained in 56.12.1 “FIFO Individual Interrupts”.

56.12.4 Main Interrupts

The CFDxINT register contains all main interrupts. The following interrupts are a logical ‘OR’ of
all combined FIFO interrupts: RXIF, TXIF, RXOVIF and TXATIF. These flags are read-only and
must be cleared in preceding hierarchies.

The TEFIF is generated in the TEF. The flag is read-only, and must be cleared in preceding
hierarchies.

All interrupts in CFDxINT can be enabled individually.
56.12.4.1 INVALID MESSAGE INTERRUPT - IVMIF

If a CAN bus error or DLC mismatch is detected during the last message transmitted or
received, the IVMIF will be set. The CFDxBDIAGnN register sets a flag for each error. The flag
must be cleared by the application.

The following CAN bus errors will trigger the interrupt in case an error frame is transmitted:
CRC, Stuff bit, Form, Bit or ACK.

The flag will not be set if the ESI of a received message is set.
56.12.4.2 WAKE-UP INTERRUPT - WAKIF

Bus activity has been detected while the module is in Sleep mode. The flag must be cleared by
the application.
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56.12.4.3 CAN BUS ERROR INTERRUPT - CERRIF

The CFDXTREC register will count the errors during transmit and receive according to the
1ISO11898-1:2015. The CERRIF flag will be set based on the error counter values. The flag
must be cleared by the application.

CERRIF will be set each time a threshold in the TEC/REC counter is crossed by the following

conditions:

» TEC or REC exceeds the Error Warning state threshold

» The transmitter or receiver transitions to Error Passive state

* The transmitter transitions to Bus Off state

» The transmitter or receiver transitions from Error Passive to Error Active state

* The module transitions from Bus Off to Error Active state, after the bus off recovery
sequence

When the user clears CERRIF, it will remain clear until a new counter crossing occurs.

56.12.4.4 CAN MODE CHANGE INTERRUPT — MODIF

When the OPMOD bits change, the MODIF flag will be set. The flag must be cleared by the
application.

56.12.4.5 CAN TIMER INTERRUPT - TBCIF

When the Time Base Counter rolls-over, TBCIF will be set. The flag must be cleared by the
application.

56.12.4.6 SYSTEM ERROR INTERRUPT — SERRIF

* Bus Bandwidth Error:
Bandwidth errors can happen during receive and transmit.

Receive Message Assembly Buffer (RX MAB) overflow occurs when the module is unable
to write a received CAN message to RAM before the next message arrives.

Transmit Message Assembly Buffer (TX MAB) underflow occurs when the module cannot
feed the TX MAB fast enough to provide consistent data to the Bit Stream Processor.

The SERRIF flag will be set and the CFDxVEC.ICODE bits will be setto 100 0101.
» Handling of RX MAB Overflow Errors:

RX MAB overflows are not acceptable for some applications. To prevent overflows, frame
filtering and data saving starts as early as possible, the latest at the beginning of the CRC
field of the received message. Updating the FIFO status has to wait until the beginning of
the 7th bit of the EOF field, since the received frame is only valid at this point. The com-
plete message has to be saved and the FIFO has to be updated, until the end of the
arbitration field of the next message.

In case of an RX MAB overflow, the new message that caused the overflow will be dis-
carded. The module continues to store the message that is completely received and
filtered. Afterwards, the module will be able to receive new messages on the bus. The
application will be notified using the SERRIF.

SERRIF will be cleared by writing a zero to CFDxINT.SERRIF. This will also clear the
SERRIF condition from the ICODE.

» Handling of TX MAB Underflow Errors:

1ISO11898-1:2015 requires MAC data consistency: a transmitted message must contain
consistent data. If data errors occur due to ECC errors, or TX MAB underflow, the trans-
mission will not start. If the transmission is in progress, it will stop and the module will
transition to either Restricted Operation or Listen Only mode, selectable using the
SERRLOM bit (CFDxCON<18>).
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The module handles these errors by stopping the transmission and transitioning to Restricted
Operation or Listen Only mode. The CxTX pin will be forced high. Additionally, all TXREQs will
be ignored. The application will be notified using SERRIF. The module will continue to receive
messages.

56.12.5 Interrupt Handling

The Controller Area Network with Flexible Data-rate (CAN FD) allows the application to handle
interrupts efficiently by:

* Implementing a lookup table using the CFDxVEC registers.

» Using the status registers and deciding which interrupt to service first.

The application can also use a combination of these two methods to handle interrupts.

56.12.5.1 INTERRUPT LOOKUP TABLE

The ICODE and FILTHIT bits in the CFDxVEC register enable the application to use a lookup
table to implement the ISR.

The following bit fields allow the application to make full use of the three interrupt pins:

» TXCODE: Reflects which object has a transmit interrupt pending.
* RXCODE: Reflects which object has a receive interrupt pending.

A separate lookup table can be implemented for transmit and receive interrupts.

If more than one object has a pending interrupt, the interrupt or FIFO with the highest number
will show up in RXCODE, TXCODE and ICODE. Once the interrupt with the highest priority is
cleared, the next highest priority interrupt will show up in CFDxVEC. RXCODE, TXCODE and
ICODE are implemented with combinatorial logic using the interrupt flags as inputs.

56.12.5.2 INTERRUPT STATUS REGISTERS

The Controller Area Network with Flexible Data-rate (CAN FD) contains 31 FIFOs and a TXQ. It
would be complex to use the ICODE, since the interrupt priorities are determined by the
module. Therefore, following measures are taken to ensure efficient servicing of interrupts:

» CFDxINT contains all main interrupt sources. The application can identify the categories of
interrupts that are pending and decides the order in which interrupts are to be serviced
(e.g., RXIF).

 All categories of interrupts for all FIFOs are combined into individual registers: CFDxRXIF,
CFDxTXIF, CFDxRXOVIF and CFDxTXATIF. The application can identify the RFIFs that
are pending by reading only one register. The same is true for TFIF, RXOVIF and TXATIF.

+ In the register map, the interrupt status registers are arranged in a single block: CFDxVEC,
followed by CFDxINT, CFDxRXIF, CFDxTXIF, CFDxRXOVIF and CFDxTXATIF. This
arrangement allows to read all status registers with a single read access.
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56.12.6

Interrupt Flags

Table 56-14 summarizes all interrupt flags, and lists how interrupts are cleared.

Table 56-14: Interrupt Flags
Flag Register Category C“;Iiadrjli (?y :;I)(:aal;-::til:){\ Read-Only(® Description
RFFIF RFHIF | CFDxFIFOS- |FIFO X — — RX FIFO
RFNIF TAn
TENIF TFHIF | CFDxFIFOS- |FIFO X — — TX FIFO
TFEIF TAn
TXQNIF CFDXTX- ™XQ X — — Transmit Queue
TXQEIF QSTA
RXOVIF CFDxFIFOS- |FIFO — X — RX Overrun
TAn
TXATIF CFDxFIFOS- |FIFO TXQ — X — TX Attempt
TAn CFDxTX-
QSTA
TEFFIF TEF- | CFDXTEFSTA | FIFO X — — TEF
HIF TEFNEIF
TEFOVIF CFDXTEFSTA | FIFO — X — TEF Overrun
RFIF CFDxRXIF Combined — — X All RX FIFOs
TFIF CFDXTXIF Combined — — X All TX FIFOs
RFOVIF CFDxRXOVIF | Combined — — X All RX FIFO
Overruns
TFATIF CFDXTXATIF | Combined — — X All TX FIFO Attempts
RXIF CFDxINT Main — — X RX
TXIF CFDxINT Main — — X TX
RXOVIF CFDxINT Main — — X RX Overrun
TXATIF CFDxINT Main — — X TX Attempt
TEFIF CFDxINT Main — — X TEF
IVMIF CFDxINT Main — X — Invalid Message
WAKIF CFDXINT Main — X — Wake-up
CERRIF CFDxINT Main — X — CAN Bus Error
MODIF CFDxINT Main — X — Mode Change
TBCIF CFDxINT Main — X — Time Base Counter
SERRIF CFDxINT Main — X — System Error

Note 1:The flags will be cleared, when the condition of the FIFO terminates, initiated by CFDxFIFOCONN.UINC.
2:The flags need to be cleared in the preceding hierarchies.
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Section 56. Controller Area Network with Flexible Data-rate (CAN FD)

56.13 ERROR HANDLING

Every CAN controller checks the messages on the bus for the following errors: Bit, Stuff, CRC,
Form and ACK errors. Whenever the controller detects an error, an Error frame is transmitted
that deletes the message on the bus. Error frames are always signaled using the Nominal Bit
Rate.

Error Detection and Fault Confinement is described in the ISO11898-1:2015. CFDXTREC con-
tains the error counters, TEC and REC. It also contains the Error Warning and Error State bits.
TEC and REC increment and decrement according to 1ISO11898-1:2015 specifications.

Figure 56-49 illustrates the different Error states of the Controller Area Network with Flexible
Data-rate (CAN FD). The module starts in Error Active state. If the TEC or REC exceed 127, the
module transitions to Error Passive state. If the TEC exceeds 255, the module will transition to
Bus Off state.

The module transmits Active Error frames, when in Error Active state. It will transmit Passive
Error frames, while in Error Passive state. When the module is Bus Off, CxTX is always driven
high, and no dominant bits are transmitted.

To avoid the module from transitioning to Error Passive state, the module will alert the applica-
tion when the TEC or REC reaches 96 using the CERRIF interrupt flag, see 56.12.4.3 “CAN
Bus Error Interrupt — CERRIF”. This allows the application to take action before it enters Error
Passive state.

Figure 56-49: Error States

POR
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REC <128

Error
Passive

Bus Off

The Bus Diagnostics registers provide additional information about the health of the CAN bus:

» CFDxBDIAGnN contains separate Error Counters for receive/transmit and for Nominal/Data
Bit Rates. The counters work differently than the counters in the CFDxTREC registers.
They are incremented by ‘1’ on every error. They are never decremented, but can be
cleared by writing ‘0’ to the register.

» CFDxBDIAGnN keeps track of the kind of error that occurred since the last clearing of the
register. The CFDxBDIAGN register also contains the Error Free Message Counter. The
flags and the counter are cleared by writing ‘0’ to the register.

The Error Free Message Counter together with the Error Counters and the Error Flags can be
used to determine the quality of the bus.
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56.13.1 Recovery from Bus Off State

If the TEC exceeds 255, CFDxTREC.TXBO and CFDxINT.CERRIF will be set. The module will
go Bus Off and start the bus-off recovery sequence.

The bus-off recovery sequence starts automatically. The module will transition out of the Bus Off
state only after the detection of 128 idle conditions, see “ISO11898-1:2015: Bus Off Manage-
ment”. The module will set FRESET for all transmit FIFOs when entering Bus Off state to
ensure that the module does not try to retransmit indefinitely. The application will be notified by
CERRIF and has the option to queue new messages for transmission.

The module signals the exit from the Bus Off state with a CERRIF, and by setting CFDxBDI-
AGn.TXBOERR. Additionally, CFDxTREC will be reset.
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56.14 RELATED APPLICATION NOTES

This section lists application notes that are related to this section of the manual. These
application notes may not be written specifically for the PIC32 device family, but the concepts are
pertinent and could be used with modification and possible limitations. The current application
notes related to the Controller Area Network with Flexible Data-rate (CAN FD) include the

following:
Title Application Note #
No related application notes at this time. N/A

Note: Please visit the Microchip web site (www.microchip.com) for additional application
notes and code examples for the PIC32 family of devices.
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56.15 REVISION HISTORY
Revision A (November 2018)

This is the initial released version of this document.
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