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How to Use CXPI Controller in Traveo Il Family

About this document

Scope and purpose

This application note describes how to use the clock extension peripheral interface (CXPI) controllerin
Traveo™ Il family MCU. The CXPI controller of Traveo |l supports autonomous transfer of the CXPI frame to
reduce CPU processing.

Associated Part Family

Traveo Il Family CYT2/CYT3/CYT4 Series

Intended audience

This document is intended for anyone who uses the CXPI controller of the Traveo Il family.
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1 Introduction
This application note describes how to use the CXPI controller in Traveo Il family MCU.

To understand the described functionality and the terminologies used in this application note, see the “Clock
extension peripheral interface (CXPI)” chapter of the Architecture Technical Reference Manual (TRM).

This document is applicable to CYT2/CYT3/CYT4 series devices.
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2 CXPIl overview

2.1 CXPI network

CXPI protocol provides a low-speed, low-cost, and lightweight connection in automotive controls of simple
devices like wipers, sensors, or switches. As an example, in Figure 1, the MCU with a CXPI controller would be
the CXPIl master node, whereas the devices attached to the CXPI network would be the CXPI slave nodes. The
CXPI controller can control the devices, and get the status and confirmation from devices via the CXPI
communication bus.

The CXPI protocol provides a better performance in communication than LIN protocol. This is because it can
handle multiplexing between multiple devices in a more efficient manner by making the arbitration decision at
the lower layer (hardware) rather than having higher layer (software) assistance.

Light
Light [§
; Light
MCU with Wiper
CXPI CXPI bus
Controller
Interface
Wiper iy
\ > P Light
Light S
Light
Figure 1 Example of CXPI network in a vehicle
Table 1 CXPI protocol feature
Term Description
Network layout e Single master node and multiple slave nodes
e Data with clock is transmitted and received on a single communication bus
e Upto 16 nodes connected to a CXPI communication bus
Communication baud rate Maximum baud rate of 20 kbps.
Network protocol Collision Resolution supported Carrier Sense Multiple Access (CSMA/CR)
Bus access method e Event Trigger method to support the responsiveness of slave node
communication
e Polling method to support periodic schedules
Application Note 4 0of 58 002-24283 Rev. *C
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2.2 CXPI bus access method

The CXPI protocol is based on a single master and multiple slave communication systems and supports two
methodologies about how and when data is transferred: event trigger method and polling method. In both
communication methods, only the master node provides the clock to the communication bus; all slave nodes
connected to the bus receive the clock from the communication bus and use it for communication processing.
Only one of the two methods can be implemented in all nodes connected to the CXPl communication bus:

e Eventtrigger method: Each node can freely issue the “PID” field if idle state of the communication bus is
detected. If several nodes transmit the PID field at the same time and the PID field collides on the
communication bus, and non-destructive arbitration is performed, the highest-priority PID field is
transmitted to the communication bus.

e Polling method: The master node can freely issue a “PID” field to request a response from slave nodes. The
slave node can issue the “PID” field only after receiving PTYPE sent from the master node.

The difference between these methods is that the polling method requires the master node to control the
network communication by issuing PTYPE field request, which allows all nodes to issue an event-driven PID
field on the communication bus. In conclusion, polling method is suitable for a network which requires high-
periodicity communications while event trigger method is suitable for networks that requires high responsivity
to events.

In this application note, a message frame refers to the entire transmitted frame (including
PID/Framelnfo/Data/CRC bytes in one message frame). The byte frame refers to the byte (in terms of PID byte,
Framelnfo byte, data byte, and CRC byte individually).

2.3 Message frame format

The basic CXPI frame has normal and long frames. Due to two different bus communication methods, the basic
CXPI gets an extension by an additional request field (event), usually described as the PTYPE field.

Figure 2 illustrates the message frame format based on byte fields, each with a START and STOP bit and the
least significant bit (LSb) first. The Inter Byte Space (IBS) defines the idle time between two bytes within a
message frame. The Inter Frame Space (IFS) defines the period (minimum 20 Thit) before a next frame can be
transmitted by any node.

< Direct-in-periodic Transmission Mode Fram >
Direct/periodic Transmission Mode Fr:
o - XPI Fram «Message frame—
ﬁ In long frame only 4—'-%9973744—'-%2?;? Response Field: ‘*IFS—><-Rfi(e]IEQISI-Vi
PYPE PID Header |
Not supported in HW _I>BS<_ _LBS<_ _)lBi_ _»IBE_ —:}Bi— _»I}B;_ _’I‘}B;_ _h:B<S_ —’I;Bi— 4!52; }
S 7777 o o o 77 [ o
“PTYPE—» «—PID—> <—F <€DLCEXT>! :—Dala 1—>: “<—Data 2—) | N—DalaN—P): :—CRC—PI <—CRC—>) «—PID—>
Normal Frame: N < 12
Long Frame: N < 255

Figure 2 CXPIl message frame format

The fields of the CXPI message frame format includes a PTYPE field (only in polling method), a PID field, a frame
information field, a Data Length Code Extension (DLXECT, only for Long frame), a data field, and a CRC field.

Application Note 50f58 002-24283 Rev. *C
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PTYPE field (only in polling method)

The 8-bit Protected Type field (PTYPE), only applicable in the polling method, corresponds to a PID field with
the identifier value 0x00 (0x80 including parity bit). The master node sends a PTYPE byte to allow all slave
nodes to send a request field for this time slot.

Protected identifier (PID) field

The request field (header) consists of an 8-bit PID field, which contains a 7-bit frame identifier and a 1-bit odd
parity over the frame identifier.

Frame information (FI) field

As the first byte field of the response, the Fl field provides information on Data Length Code (DLC), Network
Management (NM), and a Frame Counter (CT).

Data length code extension (only for long frame)

Along frame can have up to 255 data bytes. In this case, the DLC of the Fl field must be set to 15. The DLCEXT
field is present to indicate the number of data bytes in the message frames.

Data field

The Data field can be transmitted by every node. In the normal frame, it is present when DLC > 0, and can be a
maximum of 12 bytes long; in the long frame, the Data field is present when DLC_EXT > 0 and the maximum
length is 255 bytes.

Cyclic redundancy check (CRC) field

The end of a message frame consists of a CRC field and is accessible by the CRC register. The CRC length differs
for normal and long frames. For the normal frame, an 8-bit CRC polynomial is computed over the PID, Fl, and
Data fields. For a long frame, a 16-bit CRC polynomial is calculated over the PID, FI, DLCEXT, and Data fields.
The PTYPE field is not included in the CRC calculation.

Application Note 6 of 58 002-24283 Rev. *C
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3 CXPI controller in Traveo 1l

CXPI channels are part of a common CXPI module. Each channel has its own control, status registers, and
interrupts. The total number of available CXPI channels depends on the device variant. For details, see the
device datasheet.

CXPI Module Block

>

From/To IOSS/HSIOM

From PERI/PCLK AHB Slave IF 7| Test Registers
clk_peri G
IS
f——LY__ j————= -
PCLK_CXPI_CLOCK_CH_EN[i] —» | : | ! » cxpi_en_out_enli]
| | | : » cxpi_en_outfi]
Trigger to P-DMA | | | ﬁ cxpi_en_in[i]
Channel —V: I : oxoio ! . )
i | cxpi_tx_out_en(i
CXPI_TR_tx_REQ][i] < Registers 1< cxpl el : > cxgi—tx—out[—i] [
CXPI_TR_tx_REQ][i] <« A | Controller |[«— Router 1« oo
. - | | | < cxpi_tx_ini]
cxpi_interrupts_[i]_IRQn < L | | |
TCPWM_TO_CXPI_TR[i] > | : | L cxpi_rx_out_en[i]
FIFO | | | : » cxpi_rx_outfi]
Trigger from TCPWM IP !_ e _| I_ e |< cxpi_rx_in[i]
Definition: CXPI Channel [i]
i: channel [ I

CH_NR: max. channel number

D« clk_peri

|
| €= PCLK_CXPI_CLOCK_CH_ENj
| p—

Figure 3 CXPI block diagram

3.1 Mode of operation

The CXPI controller in the Traveo Il family MCU supports the CXPl communication protocol in two operation
modes: NRZ mode and PWM mode.

NRZ mode: The CXPI controller interfaces an external transceiver chip that has PWM encoder/decoder logic.

PWM mode: The CXPI controller interfaces an external driver/receiver chip that level shifts the 3.3Vor5V
signaling to signaling at CXPI bus voltage without changing the encoding of the signal.

Master node

e NRZ mode: When the CXPI channel is the master node (CTLO.MASTER = 1) and the CXPI transceiver performs
the PWM bus signal encoding, the channel generates only the NRZ signal. Because the channel does not
provide the CXPI clock signal, the clock must be generated by another module (for example, TCPWM)
separately.

e PWM mode: The PWM mode must be selected for the CXPI channel to process PWM signals. The PWM
encoding and decoding is done in the CXPI channel. Therefore, additional devices are not required to
generate the clock on the CXPI bus.

Slave node

e NRZ mode: When the CXPI channel is a slave node (CTLO.MASTER = 0) and the CXPI transceiver performs the
PWM bus signal encoding/decoding, the module must process NRZ signals.

e PWM mode: To process PWM signals directly, the CXPI module must be configured in the PWM mode.

Application Note 7 of 58 002-24283 Rev. *C
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3.2 Baud rate and sampling

3.2.1 Baud rate

The CXPI channel uses a fixed oversampling of 400. This means that the CXPI channel clock’s frequency is 400
times the required CXPl interface frequency, i.e., baud rate of the CXPI channel. For details of sampling concept,
see the “Clock Extension Peripheral Interface (CXPI)” chapter of the Architecture TRM.

The baud rate can be individually configured for each channel. The relationship between the target baud rate
and the clock divider is shown in Equation 1.

f clk_peri

Equation 1
400 X Baud rate

CLK_ DIV =

Here,

* feik_peri: Peripheral clock shown as PCLK_CXPI_CLOCK_CH_EN in Figure 3
e Baud rate: Target baud rate
e CLK_DIV: Peripheral clock divider for dedicated CXPI channel

To achieve the target baud rate with the permitted relative tolerance of the nominal CXPI bit time, apply a
fractional clock divider.

Example:

Equation 2 shows an example of the divider setting value when the peripheral clock is 80 MHz and the target
baud rate is 19.2 kbps (19.2 kHz).

fclk_peri _ 80MHz

= =10.41 Equation 2
400 X Baud rate 400 X 19.2kHz 0 d

CLK_DIV =

To have the nearest divider value, choose a 16.5-bit divider with an integer divide value of 10 and a fractional
divider of 13, which has a divider value of

13 .
CLK_ DIV =10+ 35 = 10.40625 Equation 3

and generates

Baud rate = —OMAZ g oonn Equation 4
U rate = % 1040625 <z 9

Applying the fractional divider results in a relative bit time tolerance of 0.1% while applying an integer divider
of 10 or 11 results in relative bit time tolerance of 4.2% and 5.3% respectively.

For details on the clock divider settings and the clock tree, see the Clock System chapter in the Architecture
TRM.

Application Note 8 of 58 002-24283 Rev. *C
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When transmitting, CXPI channels provide two registers, CTL1.T_LOW1 and CTL1.T_LOWO, to configure the low
count of logic ‘1’ and ‘0’ respectively. CTL1.T_LOW1 and CTL1.T_LOWO indicate the number of clocks per CXPI
channel to drive a ‘0’ at the CXPI bus before releasing it to indicate a logical ‘1’ and a logical ‘0’ respectively.

CXPI controller in Traveo Il

3.2.2 Sampling

When receiving, the CXPI channel starts counting after the detection of the falling edges on the Rx signal and
the register CTL1.T_OFFSET indicates the value of offset that is used for sampling the Rx signal.

As described before, the CXPI channel uses a fixed oversampling of 400, meaning 1 Thbit is equivalent to 400
samplings. To achieve the target width of transmission low level when outputting logical value ‘1’ and ‘0’ and
the sampling point of the Rx signal, set the value of the registers CTL1.T_LOW1, CTL1.T_LOWO, and
CTL1.T_OFFSET as shown in Equation 5, Equation 6, and Equation 7.

CTL1.T_LOW1+1

tiow 1 = 200 Thit Equation 5
CTL1.T_.LOWO + 1 .

tiow o = 200 Tpit Equation 6
CTL1.T_OFFSET + 1 .

brx_sampling = 400 Thit Equation 7

Here,

o tiow 1: Width of transmission low level when outputting logical value ‘1’

e t1ow o: Width of transmission low level when outputting logical value ‘0

® lrx sampling:  CXPi_rx_in” sampling point
Example:

Table 2 shows the sample values set for the registers CTL1.T_LOW1, CTL1.T_LOWO, and CTL1.T_OFFSET to
satisfy the timing parameters shown in Table 3.

Table 2 Timing parameters
Item Value
tiow 1 0.258Tp;¢
tiow 0 0.445T};;
trx_sampling tiow 1 + 0.04 Ty

Table3 Values of CTL1.T_LOW1,CTL1.T_LOWO, and CTL1.T_OFFSET

Item Value

CTL1.T_LOW1 102

CTLL.T_LOWO 177

CTLL.T_OFFSET 118
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3.3

3.3.1

CXPIl message transmission commands and interrupt events

Message transfer

The CXPI controller supports different message types such as transmission and reception of header/response.
Message transfer processing is done by command sequences. Every command is listed in the CMD register.

Commands supporting header field transmission/reception:

e CMD.RX_HEADER (C.RXH): Enables PTYPE and normal PID field reception
e CMD.TX_HEADER (C.TXH): Requests PTYPE and normal PID field transmission

Commands supporting response field transmission/reception:

e CMD.RX_RESPONSE (C.RXR): Enables response field reception
e CMD.TX_RESPONSE (C.TXR): Requests response field transmission

Command supporting IFS check:

e CMD.IFS_WAIT (C.IFS): Directs HW to check bus idleness before transmitting or receiving the header

The use case for the combination of commands to transmit/receive message frames is shown in Table 4 with
abbreviation of commands shown along with these commands.

Table 4

Combination of commands?

Transfer
method

Master/Slave
configuration

No.

Transaction

Setting for
{C.IFS, C.TXH,
C.RXH, C.TXR,
C.RXR}

Description

Event
trigger

Master/slave

Transmit both
header (PID)
and response

{1,1,1,1,1}

Master/slave in event trigger method
uses this combination to transmit
both header (PID) and response.

In this case, HW will check for IFS
before transmitting the header and
response.

CMD.RX_HEADER and
CMD.RX_RESPONSE are setto ‘1’ to
anticipate receiving the PID and
response while checking the
duration of bus idleness and
receiving the response if arbitration
is lost.

Transmit
header (PID)
and receive
response

{1,1,1,0,1}

Master/slave in event trigger method
uses this combination to transmit
the header (PID).

CMD.RX_HEADER is setto ‘1’ to
anticipate receiving the PID while
checking the duration of bus
idleness.

! See the “Clock Extension Peripheral Interface (CXPI)” chapter of the Architecture TRM for details on the priority of these commands.
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Transfer | Master/Slave No.| Transaction Setting for Description

method | configuration {C.IFS, C.TXH,
C.RXH, C.TXR,
C.RXR}

3 | Receiveboth |{0,0,1,0,1} Enables header and response
header (PID) reception immediately.

4 |andresponse |1 o 1 0,1} Setting CMD.IFS_WAIT = ‘1’ can make

HW wait for CLTO.IFS before enabling
the header and response reception.

5 | Transmit {0,0,0,0, 1} Master/slave in event trigger method
response only uses this combination to transmit

the response after receiving then
relevant PID.

Polling Master 6 | Transmit {1,1,1,0,1} Master in polling method uses this
PTYPE and combination to transmit PTYPE and
receiving then receive the PID and response.
header (PID)
and response

7 | Transmitboth |{l10r0,1,0,1,1} | Masterin polling method uses this
header (PID) combination to transmit both header
and response (PID) and response.

Setting CMD.IFS = ‘1’ makes sure that
IFS is checked before transmitting
the header; however, this is not
mandatory.

CMD.IFS is set to ‘0’ if the master
transmits the PID after transmitting
PTYPE.

8 | Transmit {1or0,1,0,0,1} | Masterin polling method uses this
header (PID) combination to transmit the PID and
and receiving receive response.
response CMD.IFS is set to ‘0’ if the master

transmits the PID after transmitting
PTYPE.
9 | Transmit {0,0,0,0, 1} Master in polling method uses this
response only combination to transmit the
response.
Slave 10 | Transmit {0,1,0,1,1} Slave in polling method uses this
(ensure header (PID) combination to transmit both PID

CTLO.RXPIDZERO_
CHECK_EN=1)2

and response

and response.
CMD.RX_RESPONSE is setto ‘1’ to
anticipate the receiving response
after arbitration is lost.

2CTLO.RXPIDZERO_CHECK_EN = ‘1" makes HW (slave) does not clear CMD.RX_HEADER and HW is able to continue receiving header coming after PTYPE.
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Transfer | Master/Slave No.| Transaction Setting for Description
method | configuration {C.IFS, C.TXH,

C.RXH, C.TXR,

C.RXR}

11 | Receive {0,0,1,0,1} Slave in polling method uses this
header (PTYPE combination to receive PTYPE/PID
and PID) and and response.
response

12 | Transmit {0,0,0,0, 1} Slave in polling method uses this
response only combination to transmit the

response.

3.3.2 Interrupt events

Each CXPI channel has a dedicated set of interrupt registers: INTR, INTR_SET, INTR_MASK, and INTR_MASKED.
In general, INTR registers are the interrupt event logging registers that are set by HW and cleared by SW (as part
of the interrupt service handler).

Software can set the INTR_SET register for testing purpose. Writing ‘1’ into a bit of this register will set the
corresponding bit of INTR register.

The INTR_MASK register is used to mask interrupt sources. Only the interrupt sources with their masks enabled,
meaning the corresponding bit in the INTR_MASK register is set to ‘1’, can trigger the interrupt.

The INTR_MASKED register reflects the bit-wise logical AND of INTR and INTR_MASK. This register allows SW to
read the status of all mask-enabled interrupt causes with a single load operation.

These interrupt causes are grouped as either functional interrupts or error reporting interrupts. The following

are the functional interrupt causes:

Table 5 Interrupt cause and description

Interrupt cause

Description

TX_HEADER_DONE

Transmission of frame header is completed.

TX_RESPONSE_DONE

Transmission of frame response is completed.

TX_WAKEUP_DONE

Transmission of wake up is done.

TX_FIFO_TRIGGER

TX FIFO’s number of used slot is less than TRIGGER_LEVEL.

RX_HEADER_DONE

Reception of frame header is completed and will be set only if the reception of
response is completed.

RX_HEADER_PID_DONE

This bit is set when the reception of the frame header is completed without
waiting for the completion of the reception of the response.

RX_RESPONSE_DONE

Reception of the frame response is completed.

RX_WAKEUP_DETECT

Falling edge of the RX pin in Sleep mode is detected.

RX_FIFO_TRIGGER

RX FIFO’s number of used slot is greater than TRIGGER_LEVEL.

TXRX_COMPLETE

HW sets this field to ‘1’, when the message frame ends after End of Frame
(EOF) is confirmed and TX/RX_DATA_LENGTH_ERROR=0.

TX_HEADER_ARB_LOST

HW sets this field to ‘1’, when it detects arbitration is lost after the number of
retries has exceeded the maximum allowed retries defined in CTL2.RETRY.
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Interrupt cause Description

TIMEOUT HW sets this field to ‘1’, when the transmitted/received IBS within a message
frame exceeds CTL2.TIMEOUT_LENGTH.

Table6 Error-reporting interrupts and description

Error-reporting interrupts | Description

TX_BIT_ERROR HW sets this field to ‘1’, when a transmitted “cxpi_tx_out” value does not
match with a received “cxpi_rx_in” value.
RX_CRC_ERROR HW sets this field to ‘1’, when the received CRC does not match with the CRC

computed from header and response.

RX_HEADER_PARITY_ERROR | HW sets this field to ‘1’, when the received PID field or PType field has a parity
error.

RX_DATA_LENGTH_ERROR HW sets this field to ‘1’, when the received message frame’s data fields are not
equal to the value specified in DLC (for normal frame) or DLCEXT (for long
frame).

If the received message frame’s data fields are greater than the value specified
in DLC, it may result in the RX_CRC_ERROR error before
RX_DATA_LENGTH_ERROR.

TX_DATA_LENGTH_ERROR HW sets this field to ‘1’, when the transmitted message frame’s data fields are
not equal to the value specified in DLC (for normal frame) or DLCEXT (for long

frame).
RX_OVERFLOW_ERROR HW sets this field to ‘1’, when the RX data is overwritten by HW before the SW
reads fromit.
TX_OVERFLOW_ERROR HW sets this field to ‘1’, when the TX data is overwritten by SW before the HW
reads from it to transmit on to the CXPI bus.
RX_UNDERFLOW_ERROR HW sets this field to ‘1’, when RX FIFO is empty and SW reads from it.
TX_UNDERFLOW_ERROR HW sets this field to ‘1’, when TX FIFO is empty and HW reads from it.
RX_FRAME_ERROR HW sets this field to ‘1’, when the stop bit of a byte frame is incorrect.
TX_FRAME_ERROR HW sets this field to ‘1’, when the stop bit of a byte frame is incorrect.
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3.4 PID arbitration

An arbitration is done to avoid collisions between different nodes during PID field transmission. The arbitration
loss is determined through a mismatch between the transmitted header and the received header.

The CXPI controller provides an automated retransmission feature, that is, the command for requesting header
transmission (CMD.TX_HEADER) is not cleared after losing arbitration but retained as ‘1’ to trigger the
retransmission. The register field (CTL2.RETRY) predefines the maximum number of PID retransmissions,
whereas STATUS.RETRIES_COUNT shows the number of retries. When the number of retransmissions exceeds
CTL2.RETRY, the flag INTR.TX_HEADER_ARB_LOST is set.

The following scenario explains the operation of software and hardware at arbitration loss:

o Software sets {C.IFS, C.TXH, C.RXH, C.TXR, C.RXR} ={‘1’,‘1’, ‘1’, ‘1’, ‘1’} to request both header and response
transmission or sets {C.IFS, C.TXH, C.RXH, C.TXR, C.RXR} ={‘1’, ‘1’, ‘1", ‘0’, ‘1’} to request header transmission
and enable response reception.

e Hardware transmits header and it detects arbitration loss. Hardware stops transmitting and receives the
“winning” header. Hardware notifies software that it has received PID by setting
INTR.RX_HEADER_PID_DONE = ‘1’. If the number of header transmission does not exceed CTL2.RETRY,
CMD.TX_HEADER is not cleared but kept as ‘1’, else, hardware notifies software by setting
INTR.TX_HEADER_ARB_LOST flag and clears the TX_HEADER and TX_RESPONSE command (if
TX_RESPONSE is set).

CMD.TX_RESPONSE =1 has higher priority over CMD.RX_RESPONSE =1 when arbitration is “won”. However,
if arbitration is “lost”, CMD.RX_RESPONSE has higher priority over CMD.TX_RESPONSE.

Note: There is a possibility that hardware receives a header while waiting for IFS. In this case,
CMD.TX_HEADER is cleared by hardware and INTR.TX_HEADER_ARB_LQOST is not set. Software can
check these two bits to distinguish with arbitration lost case.

o Software reads the received header and determines the next step.

- Ifthe received PID indicates that the node that lost arbitration should receive the response.
CMD.RX_RESPONSE is set in advance, so software does nothing but waits for INTR.RX_RESPONSE_DONE
flag. After that, if the arbitration lost count does not exceed the maximum number of retries defined by
CTL2.RETRY, hardware will continue to transmit the previous header.

The transmission happens after fulfilling IFS only if software sets IFS_WAIT.

- Ifthe received PID indicates that the node that lost arbitration should transmit the response, software
needs to clear TX FIFO and CMD.TX_HEADER (to stop pending retry for arbitration lost). Software needs
to prepare response in TX FIFO and set CMD.TX_RESPONSE = 1. In addition, software needs to clear
CMD.RX_RESPONSE for hardware to service the CMD.TX_RESPONSE command. Hardware will transmit
the response and notify software after it completes the transmission by setting
INTR.TX_RESPONSE_DONE =1.

In this case, hardware will not attempt any retry for the previous header because software has already
cancelled the transaction. Software needs to reprogram the previous message frame if it needs hardware
to re-attempt. STATUS.RETRIES_COUNT is also reset when software clears CMD.TX_HEADER.
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4 Example of CXPI controller operation

This section shows an example of software implementation for the CXPI controller in Traveo Il family using
Sample Driver Library (SDL). The code snippets in this application note are part of the SDL. See 7 Other
references.

SDL has a configuration part and a driver part. The configuration part mainly configures the parameter values
for the desired operation. The driver part configures each register based on the parameter values in the
configuration part.

4.1 CXPI setup

In this example, software handles PID re-transmission after arbitration is lost.

Additionally, this example will focus on using of command sequences to perform transmission and reception of
the message frame. The use case is simplified so that there is no transmission or reception of the frame whose
data length is larger than 16 bytes.

In a long frame, up to 255 data bytes are transferred/received. To avoid additional CPU access to the FIFO
buffers, every CXPI channel is connected to the P-DMA with trigger signal lines for both FIFO buffers. See the
“Clock Extension Peripheral Interface (CXPI)” chapter of the Architecture TRM for details.

(1) Initialize the clock: See 3.2.1 Baud rate for example of clock divider setting and see the related chapter of
the Architecture TRM for details on clock setting.

(2) Port settings: Enable and configure the 1/0 ports used for CXPI communication. Enable external CXPI
transceiver or driver/receiver before starting the CXPI communication.

(3) System interrupt settings: Map the CXPI system interrupt source to the available external CPU interrupt.

(4) CXPI controller initialization: See 4.2 CXPI controller initialization for an example of CXPI Controller
initialization flow.

(5) Enable the CXPI channel: Configure CTLO.ENABLE to ‘1’ to enable the CXPI channel.

(6) Move the CXPI controller to normal mode. It is assumed that the CXPI bus is in active state (wakeup and
sleep modes are not discussed in this application note). For details on the power modes of the CXPI controller,
see the “Clock Extension Peripheral Interface (CXPI)” chapter of the Architecture TRM.

(7) Start message transmission/reception. See 4.3 Message frame transmission/reception for an example of
the CXPI message frame transmission/reception flow.
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1) Initialize Clock
v

2 Port Settings
v

(€ System Interrupt Settings
v

(4 Initialize CXPI Controller
v

5 Enable CXPI Contriller
v

(6) Move to Normal mode

0 Message
Transmission

Figure 4 Example of the CXPI setup flow

4.1.1

e CXPIchannel:3
e Interrupt number: 2

Use case

e Interrupt priority: 1

4.1.2 Configuration
Table 7 CXPI setup functions in SDL
Function Description Value

Cy_CXPI_Enable() Enable the CXPI channel

stc_CXPI_CH_t* | Specifies the CXPI channel instance

CXPI_CH_INSTANCE = CY_CXPICH3_TYPE

Cy_CXPI_Init()
stc_CXPI_CH_t* | Specifies the CXPI channel instance CXPI_CH_INSTANCE = CY_CXPICH3_TYPE
pstcCXPI Specifies the pointer to the CXPI &expiCtx

instance register area

Cy_CXPI_SetMode() Changes the CXPI channel mode

stc_CXPI_CH_t* | Specifies the CXPI channel instance

CXPI_CH_INSTANCE = CY_CXPICH3_TYPE

CXPI_SLEEP_MODE: Sleep mode

CXPI_NORMAL_MODE: Normal mode

CXPI_STANDBY_MODE: Standby mode

pstcCXPI Specifies the pointer to the CXPI &expiCtx
instance register area
mode Specifies the CXPI channel mode CXPI_NORMAL_MODE
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4.1.3 Example code for CXPI setup

Code Listing 1 Example of CXPI setup in configuration part

#define CXPI_CH_INSTANCE CY CXPICH3_TYPE
int main(void)
{

SystemInit () ;

__enable_irqg();

/* Enable CM4. CY CORTEX M4 APPL ADDR is calculated in linker script, check it in case of problems. */

Cy_SysEnableApplCore (CY_CORTEX M4 APPL_ADDR) ;

/* Initialize CXPI clock */ ‘[ (1) Initialize Clock ]
CxpiClockInit () ;

/* Initialize CXPI port */ I (2) Port Settings ]
CxpiPortInit(); b

/* Initialize CXPT interrupt request */ J (3) System Interrupt Settings (See Code Listing 2) ]

CxpilrgInit(); )
/* Initialize CXPI channel */
(4) Initialize CXPI Controller (See Code Listing 6)
Cy_CXPI_Init (CXPI_CH_INSTANCE, &stcCxpiConfig,&cxpiCtx);
Cy CXPI Enable (CXPI CH INSTANCE); — .
j (5) Enable CXPI Channel (See Code Listing 3)

Cy_CXPI_SetMode (CXPI_CH_INSTANCE, &cxpiCtx, CXPI_STANDBY MODE) ;

Cy CXPI_SetMode (CXPI_CH INSTANCE, &cxpiCtx, CXPI_NORMAL MODE); % (6) Move to Normal mode (See Code Listing 4) ]

/* Initialize schedule */

CxpiSchedulerInit () ;

for(;;) |

Code Listing 2 Example of system interrupt setting in configuration part

static void CxpiIrqInit (void)
{

/* Setup the IRQ */

cy stc_sysint irg t irqg cxpi cfg = { — System Interrupt Setting ]

.sysIntSrc = CXPI_CH IRQ, .intIdx = CPUIntIdx2 IRQn, .isEnabled = true,
}i
Cy SysInt InitIRQ(&irqg cxpi_cfq);
Cy SysInt_SetSystemIrgVector (irg cxpi cfg.sysIntSrc, CxpilnterruptHandler);
NVIC_SetPriority(CPUIntIdx2 IRQn, 1);
NVICiclearPendingIRQ(CPUIntIdeiIRQn);

NVIC EnableIRQ(CPUIntIdx2 IRQn) ;
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Code Listing 3 demonstrates an example program of enabling CXPI channel in driver part.
The following description will help you understand the register notation of the driver part of SDL:

e pstcCXPI->unCTLO.stcField.ulENABLED is the CXPIx_CHy_CTLO.ENABLED register mentioned in the
Registers TRM. Other registers are also described in the same manner. “x” signifies the CXPl instance and
“y” signifies the channel number of CXPI instance.

See cyip_cxpi.h under hdr/rev_x/ip for more information on the union and structure representation of registers.

Code Listing 3 Example of enabling the CXPI channelin driver part

cy _en_cxpi_status_t Cy CXPI_Enable(volatile stc CXPI_CH t* pstcCXPI
{
cy_en_cxpi_status_t ret = CY CXPI_SUCCESS;
if (NULL == pstcCXPI) {
return CY CXPI_BAD PARAM;

}
/** Enable the CXPI channel

**/
‘[ Enable CXPI Channel ]

pstcCXPI->unCTLO.stcField.ulENABLED = 1lul; —

// Cy CXPI_SetCmd(pstcCXPI, CXPI_CMD_RX HEADER) ;
// Cy CXPI_SetInterruptMask (pstcCXPI, CXPI_INTR RX_ HEADER PID _DONE | CXPI_INTR_ALL_ERROR_MASK);
Cy_CXPI_SetInterruptMask (pstcCXPI, CXPI_INTR RX_ WAKEUP DETECT | CXPI_INTR_ALL ERROR_MASK);

return ret;

Code Listing 4 Example for changing the CXPI channel mode in driver part

cy _en _cxpi status t Cy CXPI_ SetMode (volatile stc CXPI _CH t *pstcCXPI, stc CXPI context t *cxpiCtx, uint32 t mode)
{
cy _en cxpi status_t ret = CY CXPI_ SUCCESS;
if (NULL == pstcCXPI) {
return CY_CXPI_BAD_PARAM;
}
switch (mode) {
case CXPI_SLEEP_MODE:
Cy CXPI_SetCmd (pstcCXPI, CXPI_CMD SLEEP);
Cy CXPI_SetInterruptMask (pstcCXPI, CXPI_ INTR RX WAKEUP DETECT) ;
break;
case CXPI_STANDBY MODE:
Cy CXPI SetCmd(pstcCXPI, CXPI CMD WAKE TO STANDBY) ;

break;

__ Move to Normal mode ]

case CXPI_NORMAL_ MODE:

Cy_CXPI_SetCmd (pstcCXPI,0x0) ;
Cy CXPI_EnableMessageFrameReception (pstcCXPI, cxpiCtx, 20);
break;

}

return ret;
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4.2 CXPI controller initialization
Do the following:

(1) Disable the CXPI channel.
Configure CTLO.ENABLE to ‘0’ to disable the CXPI channel before performing initialization.

(2) Set master/slave and Mode of operation (NRZ or PWM).
Configure CTL0.MODE to ‘0’ for NRZ mode, to ‘1’ for PWM mode.
Configure CTLO.MASTER to ‘0’ for slave mode, to ‘1’ for master mode.

(3) Turn Automatic Transceiver Handling ON/OFF:
Configure CTLO.AUTO_EN to ‘0’ to turn it OFF and to ‘1’ to turn it ON.

(4) Turn Receive PID Zero check ON/OFF.
Configure CLT0.RXPIDZERO_CHECK_EN to ‘1’ only for slave mode in Polling method.
For other modes, set CLTO.RXPIDZERO_CHECK_EN to ‘0’.

(5) Turn RX filtering ON/OFF.
Configure CTLO.FILTER_EN to ‘0’ to turn it OFF, to ‘1’ to turn it ON.

(6) Set IFS length and IBS length.

Configure CTLO.IFS to desired Inter Frame Space in bit periods. Values lesser than 10 are not allowed.
Configure CTLO.IBS to desired Inter Byte Space in bit periods. Values greater than 9 are invalid per specification
of CXPI protocol.

(7) Turn TX Abort for bit error detection ON/OFF.
Specifies the behavior on a detected bit error during header or response transmission by setting
CTLO.BIT_ERROR_IGNORE to:

- ‘0’: Message transfer is aborted.
- ‘1’: Message transfer is NOT aborted.

(8) Define the PWM pulse (only for PWM mode).
Configure CTL1.T_LOW1 and CTL2.T_LOW2 to define PWM pulse corresponding to logic ‘1’ and logic ‘0’. See
3.2.2 Sampling for example of settings.

(9) Configure sample point.
Configure CTL1.T_OFFSET to configure RX sample point. See 3.2.2 Sampling for example of settings.

(10) Define TX wake-up pulse length.
Configure CTL2.T_WAKEUP_LENGTH to specify the wake-up pulse low period in Thits that is transmitted during
Standby mode.

(11) Select the Time-out.

Configure CTL2.TIMEOUT_LENGTH to specify the number of Tbits to exceed timeout between frame bytes
within a message frame. CXPI spec states that the maximum allowed inter byte space (IBS) is 9Tbits.
Configure CTL2.TIMEOUT_SEL to one of following value:

‘0’ - Timeout check is disabled. HW clears the timeout counter.

- ‘1’-Timeout check is enabled and HW refers to CTL2.TIMEOUT_LENGTH as the number of Tbits allowed
between the header and response.

- ‘2’-Timeout check is enabled to check header-header, header-response, and header-header-response
within a message frame to be space within the CTL2.TIMEOUT_LENGTH bit time.
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(12) Set the number of retries after arbitration loss to CLT2.RETRY.
In this example, software handles PID re-transmission after arbitration loss; therefore, CLT2.RETRY is set to ‘0’.

( CXPI Controller Initialization )
©) Disable CXPI Channel U] Turn TX Abort for Bit Error Detection ON/OFF
) Set Master/SLave Mode;vr:lc,ivll;/lode of Operation (NRZ/ C) Define PWM Pulses (only PWM mode)

v v

©) Turn Automatic Transceiver Handling ON/OFF 9 Configure Sample Point
v v
(4 Turn Receive PID Zero Check ON/OFF (10) Define TX Wake-up Pulse Length
v v
(5 Turn RX filtering ON/OFF (11) Select Time-out
v v
(6) Set IFS length and IBS length (12) Set Number of Retries after Arbitration Loss

| v
( END )

Figure 5 Example of CXPI controller initialization flow

4,2.1 Use case

e Operation mode: PWM mode

e Master/slave mode: Master mode
e Automatic transceiver handling: ON
e Receive PID zero check: OFF

e IFS length: 19-bit periods

o IBS length: 3-bit periods

e Txabort for bit error: OFF

e CTLLT_LOWI1:99

e CTL1.T_LOWO: 180

e CTLL.T_OFFSET: 120

e TIMEOUT_LENGTH: 9 Thits

e Timeout check: Enabled. HW refers to TIMEOUT_LENGTH as the number of Thits allowed between the
header and response.
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4.2.2 Configuration
Table 8 CXPl initialization parameters in SDL
Parameters Description Value

.stcCxpiChCtloConfig Configuration for CXPI controls

.enMode Selects the operation mode:
CXPI_NRZ_Mode: NRZ mode
CXPI_PWM_Mode: PWM mode

CXPI_PWM_Mode

MESSAGE_TRANFER_ABORTED: Message
transferis aborted.

MESSAGE_TRANFER_NOT_ABORTED:
Message transfer is NOT aborted.

.bCxpi Selects automatic transceiver handling: true
Transceiver True: Enable
AutoEnable False: Disable
.bRxPIDZero Selects receive PID zero check enable: false
AutoCheck True: If received PID[6:0] =0 and
Enable PID[7] = 1’b1,
HW does not clear CMD.RX_HEADER and will
anticipate receiving header again.
False: No action if received PID[6:0] =0 and
PID[7]=1"bl.
.U8IFS Sets IFS in bit periods 19ul
.u8IBS Sets IBS in bit periods 3ul
.enBitError Selects the behavior on a detected bit error | MESSAGE_TRANFER_NOT_ABORTED
Ignore during header or response transmission:

.enCxpi Selects master mode or slave mode: CXPI_MASTER_MODE
MasterMode CXPI_MASTER_MODE: Master mode
CXPI_SLAVE_MODE: Slave mode
.stcCxpiChCtl1Config Configuration for timing controls at data -
link layer
.uléTLowl Sets low count for logic 1 99
.ul6TLowO Sets low count for logic 0 180
.ul6TOffset Sets the value of offset that is used for 120
sampling the Rx
.stcCxpiChCtl2Config Configuration for timeout -
.u8Timeout Specifies the number of Tbits to exceed the | 9u
Length timeout between frame bytes within a

message frame

.enTimeoutSel | Selects the timeout check behavior.
CxpiTimeoutDisabled: Timeout check
disabled

CxpiTimeoutCheckHdrRes: Timeout check
enabled. HW will refer to TIMEOUT_LENGTH

CxpiTimeoutCheckHdrRes
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Parameters

Description

Value

as number of Thits allowed between header
and response.

CxpiTimeoutCheckAllByte: Timeout check
enabled to check header-header, header-
response, and header-header-response
within a message frame to be space within
TIMEOUT_LENGTH bit time.

.numberOfAcceptedPID

Number of accepted PID

DIM(AcceptPIDList)

.pAcceptedPIDList

Accepted PID list

AcceptPIDList[3] = {0x6D, 0x7D, 0x67}

.maximumRetries

Maximum number of retries after arbitration
lost

1

.pNotifyTrasmitted
WakeupPulse

.pNotifyRXFallingEdge
Detected

.pNotifyError

.pNotifySentPTYPE

.pNotifyReceivedPTYPE

.pNotifyReceivedPID

.pNotifyReceived
Response

.pNotifyArbitrationLost

Sets the notification handler address for
each event.

No handling if set to NULL.

NULL

NULL

&CxpiNotifyError

NULL

NULL

&CxpiNotifyReceivedPID

&CxpipNotifyReceivedResponse

&CxpipNotifyArbitrationLost
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Code Listing 5

Example of CXPl initialization in configuration part

infineon

uint8_t AcceptPIDList[3]

= {0x6D /*

0x7D /*

0x67 /*

stc_cxpi_config t stcCxpiConfig = {

receive PID then transmit responseList([0]*/,

i Accepted PID list

receive PID then transmit responselList[1]*/,

receive both PID and response*/};

.stcCxpiChCtl0Config =
t [ Automatic transceiver handling: ON ]
.enMode = CXPI_PWM Mode,
. . _ —
.bCxpiTransceiverAutoEnable = true, / Receive PID zero check: OFF ]
.bRxPIDZeroAutoCheckEnable = false,
Lu8TFS = 19ul, | IFS and IBS setting ]
.u8IBS = 3ul,
.enBitErrorIgnore = MESSAGE TRANFER NOT ABORTED, 4 Message transfer is NOT aborted. ]
.enCxpiMasterMode = CXPI_MASTER_MODE,
. | Mastermode ]
.stcCxpiChCtllConfig =
{
-ul6TLowl = 99, __ Configuration for timing controls at Data link layer. ]
.ul6TLow0O = 180,
.uleTOffset = 120,
by
.stcCxpiChCtl2Config = Timeout length setting. J
{
) [ Configuration for timeout check behavior ]
.u8TimeoutLength = 9ul,
.enTimeoutSel = CxpiTimeoutCheckHdrRes, -
) [ Specifies the number of accepted PID ]
’
.numberOfAcceptedPID = DIM(AcceptPIDList),
| Specifies the accepted PID list ]
.pAcceptedPIDList = AcceptPIDList,
.maximumRetries = 1, Ve

Specifies the maximum number of retries after

.pNotifyReceivedResponse

.pNotifyTrasmittedWakeupPulse = NULL, arbitration lost.
.pNotifyRXFallingEdgeDetected = NULL,
.pNotifyError = &CxpiNotifyError,

, Configuration for each notification handler.
.pNotifySentPTYPE = NULL,

- No handling, if set to NULL.

.pNotifyReceivedPTYPE = NULL,
.pNotifyReceivedPID = &CxpiNotifyReceivedPID,

= &CxpipNotifyReceivedResponse,

.pNotifyArbitrationLost =

&CxpipNotifyArbitrationLost,

—
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4,2.3 Example code
The following description will help you understand the register notation of the driver part of SDL:

o pstcCXPI->unCTLO0.u32Register is the CXPIx_CHy_CTLO register mentioned in the Registers TRM. Other
registers are also described in the same manner. “x” signifies the CXPl instance and “y” signifies the channel
number of CXPl instance.

e Performance improvement measures
For register setting performance improvement, the SDL writes a complete 32-bit data to the register. Each
bit field is generated in advance in a bit writable buffer and written to the register as the final 32-bit data.

unInitCtll.stcField.u9T_ LOWl = pstcConfig->stcCxpiChCtllConfig.ul6TLowl; 1. Generate 32-bit data on the buffer. ]

unInitCtll.stcField.u9T LOWO = pstcConfig->stcCxpiChCtllConfig.ul6TLow0;

unInitCtll.stcField.u9T_ OFFSET = pstcConfig—>stchpiCthl1Config.ul6TOffset[ 2. Write to register as complete 32-bit ]

pstcCXPI->unCTLl.u32Register = unInitCtll.u32Register; — data.

See cyip_cxpi.h under hdr/rev_x/ip for more information on the union and structure representation of registers.

Code Listing 6 Example of CXPl initialization in driver part

Cy CXPI Init(volatile stc CXPI _CH t* pstcCXPI, const stc cxpi config t* pstcConfig, stc CXPI context t* pCxpiCtx)
{

cy_en_cxpi_status_t ret = CY _CXPI_SUCCESS;

/ Check if configuration parameter values

if ((NULL == pstcCXPI) || (NULL == pstcConfig)) {
ret = CY CXPI_BAD PARAM; are valid.

} else if ((pstcConfig->stcCxpiChCtllConfig.ul6TLowl > CXPI_T LOW1 MAX) ||
(pstcConfig->stcCxpiChCtllConfig.ul6TLow0 > CXPI_T LOWO_MAX) ||
(pstcConfig->stcCxpiChCtllConfig.ul6TOffset > CXPI_T OFFSET_MAX) ||
(pstcConfig->stcCxpiChCtl2Config.enRetriesNumber > CXPI_RETRY MAX) ||
(pstcConfig->stcCxpiChCtl2Config.u8TimeoutLength > CXPI_ TIMEOUT MAX)) {
ret = CY CXPI_BAD_ PARAM;

} else {
pstcCXPI->unCTLO.stcField.ulENABLED = Qul; —/ (1) Disable CXPI Channel ]

(2) Configure operation mode

un_CXPI_CH_CTLO_t unInitCtl0 = pstcCXPI->unCTLO;

un_CXPI_CH_CTL1_t unInitCtll = pstcCXPI->unCTLl;

(3) Configure Automatic Transceiver Handling ]

un_CXPI_CH_CTL2_t unInitCtl2 = pstcCXPI->unCTL2;

[ (4) Configure Receive PID Zero Check ]

unInitCtl0.stcField.ulMODE = pstcConfig->stcCxpiChCtl0Config.enMode;
unInitCtl0.stcField.ulMASTER = pstcConfig->stcCxpiChCtl0Config.enCxpiMasterMode;
unInitCtl0.stcField.ulAUTO EN = pstcConfig->stcCxpiChCtl0Config.bCxpiTransceiverAutoEnable;

unInitCtl0.stcField.ulRXPIDZERO_CHECK_EN = pstcConfig->stcCxpiChCtl0Config.bRxPIDZeroAutoCheckEnable;

unInitCt10.stcField.ulFILTER EN = pstcConfig->stcCxpiChCt10Config.bFilterEnable; —___(5) Configure Rxfiltering )
unInitCtl0.stcField.u5IFS = pstcConfig->stcCxpiChCtl0Config.u8IFS; —
—1 (6) IFS and IBS setting ]
unInitCtl0.stcField.ud4IBS = pstcConfig->stcCxpiChCtl0Config.u8IBS;
unInitCtl0.stcField.ulBIT ERROR IGNORE = pstcConfig->stcCxpiChCtl0Config.enBitErrorIgnore; -
(7) Select behavior for bit
error detection ON/OFF

pstcCXPI->unCTLO.u32Register = unInitCtl0.u32Register;

if (pstcConfig->stcCxpiChCtl0Config.enMode == CXPI_PWM Mode) {
unInitCtll.stcField.u9T LOWl = pstcConfig->stcCxpiChCtllConfig.ul6TLowl;
unTnitCtll.stcField.u9T LOWO = pstcConfig->stcCxpiChCtllConfig.ul6TLow0; "1(8) Define PWM pulses J
unInitCtll.stcField.u9T OFFSET = pstcConfig->stcCxpiChCtllConfig.ulé6TOffset;
pstcCXPI->unCTLl.u32Register = unInitCtll.u32Register; 1 (9) Configure sample point ]
}
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Code Listing 6 Example of CXPI initialization in driver part

infineon

unInitCtl2.stcField.u2RETRY = 0; //retransmission is fully controlled by software

pstcCXPI->unCTL2.u32Register = unInitCtl2.u32Register;

pCxpiCtx->state = CXPI_STATE TXRX PENDING;

pCxpiCtx->arbState = CXPI_ARB_ PENDING;

(10) Define TX wake-up ]

unInitCtl2.stcField.u6T WAKEUP LENGTH = pstcConfig—>stchpiCthl2Config.u8TWakeUpLength.-.4 lse length
— B pulse leng

unInitCtl2.stcField.u4TIMEOUT LENGTH = pstcConfig->stcCxpiChCtl2Config.u8TimeoutLength;

unInitCtl2.stcField.u2TIMEOUT_SEL = pstcConfig->stcCxpiChCtl2Config.enTimeoutSel;
ﬁ (11) Select timeout check ]

pCxpiCtx->retriesCount = 0; 1 (12) Set number of retries after arbitration loss ]

pCxpiCtx->pAcceptedPIDList = pstcConfig->pAcceptedPIDList;
pCxpiCtx->numberOfAcceptedPID = pstcConfig->numberOfAcceptedPID;

pCxpiCtx->maximumRetries = pstcConfig->maximumRetries;

pCxpiCtx->pNotifyTrasmittedWakeupPulse = pstcConfig->pNotifyTrasmittedWakeupPulse;
pCxpiCtx->pNotifyRXFallingEdgeDetected = pstcConfig->pNotifyRXFallingEdgeDetected;
pCxpiCtx->pNotifyError = pstcConfig->pNotifyError;

pCxpiCtx->pNotifySentPTYPE = pstcConfig->pNotifySentPTYPE;
pCxpiCtx->pNotifyReceivedPTYPE = pstcConfig->pNotifyReceivedPTYPE;
pCxpiCtx->pNotifyReceivedPID = pstcConfig->pNotifyReceivedPID;
pCxpiCtx->pNotifyReceivedResponse = pstcConfig->pNotifyReceivedResponse;

pCxpiCtx->pNotifyArbitrationLost = pstcConfig->pNotifyArbitrationLost;

Cy_CXPI_SetInterruptMask (pstcCXPI, 0x0ul);
}

return ret;
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4.3 Message frame transmission/reception

In this example, two state variables, cxpi_state and arbitration_state, are used to manage the communication
state and arbitration state. Setting of the command sequence is managed by two state variables.

The “cxpi_state” communication state variable has one of the following values:

e CXPI_STATE_TXRX_PENDING: Message frame transmission/reception pending state. This state indicates
that the message frame reception has been enabled, the node is waiting for coming message frame, or user
requested a message frame transmission.

e CXPI_STATE_TX_PTYPE: This state indicates that the master node is transmitting PTYPE field. This state is
available only for the master node in polling method.

e CXPI_STATE_TX_HDR_TX_RESP: This state indicates that master/slave node is transmitting both header and
response.

e CXPI_STATE_TX_HDR_RX_RESP: This state indicates that master/slave node is transmitting header and
receiving response.

e CXPI_STATE_RX_HDR_TX_RESP: This state indicates that master/slave node received a relevant PID and is
sending response.

e CXPI_STATE_RX_HDR_RX_RESP: This state indicates that master/slave node received a relevant PID and
continues receiving response.

The “arbitration_state” arbitration state variable has one of the following values:

e CXPI_ARB_PENDING: Arbitration pending state. No arbitration loss is detected.

e CXPI_ARB_LOST_TX_RESP: Master/slave node attempted to send both header and response but lost the
arbitration.

e CXPI_ARB_LOST_RX_RESP: Master/slave node attempted to send a header to receive response but lost the
arbitration.
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Figure 6 shows the transition of “cxpi_state”.

(initialization) —

[€— (10)

CXPI_STATE_RX_HDR_TX_RESP

CXPI_STATE_RX_HDR_RX_RESP

A N (11)

(5)
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1 (@) 3)

CXPI_STATE_TX_HDR_TX_RESP

(0)

(15)

— (8) W

A

A
>

L (19)

N (13)

CXPI_STATE_TX_HDR_RX_RESP

12 (6)

(7)

Available in both Event trigger
method and Polling method

Figure 6 Transition of “cxpi_state”

Table9 Condition for transition of communication state

No | Present state Next state Conditions Command sequence issued
in transition
(No. in Table 4)

(0) | (afterinitialization) | CXPI_STATE_ User enables message frame No.4 or No.11

TXRX_PENDING

reception.

Not required for masterin
Polling method

CXPI_STATE_TXRX_

CXPI_STATE_TX_

User requests both header and

No.1, No.7,or No.11

PENDING HDR_TX_RESP response transmission.
(2) | CXPI_STATE_TXRX_ | CXPI_STATE_TX_ | User requests both header No.2, No.8
PENDING HDR_RX_RESP transmission and enables
response reception.
(3) CXPI_STATE_TXRX_ | CXPI_STATE_TX_ | User requests PTYPE field No.6

PENDING

PTYPE

transmission.

CXPI_STATE_TXRX_

CXPI_STATE_RX_

Master/slave node received a

No.5, No.9, or No.12

PENDING HDR_TX_RESP header and the received header

(5) | CXPI_STATE_TXRX_ | CXPI_STATE_RX_ | indicates that this node should | Not required
PENDING HDR_RX_RESP transmit/receive response.

(6) CXPI_STATE_TX_ CXPI_STATE_ Message frame reception or For all nodes in Event

HDR_TX_RESP

TXRX_PENDING

transmission is done (evenin

Trigger method:
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No | Present state Next state Conditions Command sequence issued
in transition
(No. in Table 4)
(7) | CXPI_STATE_TX_ CXPI_STATE_ error case). User enabled e No.3,if there is no error
HDR_RX_RESP TXRX_PENDING ;E?ssafile frametretception and e No.4,if an error occurred
is node reverts to . .
transmission/reception * ForslavenodeinPolling
pending state. Method: No.11
(8) | CXPI_STATE_TX_ CXPI_STATE_ Master in polling method Not required
PTYPE TXRX_PENDING | finished transmitting PTYPE.
(9) | CXPI_STATE_RX_ CXPI_STATE_ Message frame reception or For all nodes in Event
HDR_TX_RESP TXRX_PENDING | transmission is completed Trigger method:
(10) | CXPI_STATE_RX_ | CXPI_STATE_ (evenin error case). Userenable |,  No 3, if there is no error
HDR_RX_RESP TXRX_PENDING :oe;Ziie;:fsTs reception. This | |\ 4, if error an occurred
v
transmission/reception e Forslave nodein Polling
pending state. Method: No.11
(11) | CXPI_STATE_TX_ CXPI_STATE_RX_ | This node attempted to No.5
HDR_TX_RESP HDR_TX_RESP transmit header but received a
(12) |CXPI_STATE_TX_ | CXPI_STATE_Rx_ | headerwhile waitingforIFSor | Not required
HDR TX RESP HDR RX RESP lost the arbitration.
(13) | CXPILSTATE_TX_ | cXPI_STATE_Rx_ | Thereceived headerindicates |\, g
HDR_RX_RESP HDR_TX_REsp | that this node should
transmit/receive response. :
(14) | CXPI_STATE_TX_ CXPI_STATE_RX_ Not required
HDR_RX_RESP HDR_RX_RESP
(15) | CXPI_STATE_TX_ CXPI_STATE_TX_ | This node attempted to No.1
HDR_TX_RESP HDR_TX_RESP transmit header but lost the
arbitration and received an
irrelevant PID. After that, the
node retries to transmit the
header and transmit/receive
response.
(16) | CXPI_STATE_TX_ CXPI_STATE_TX_ | This node attempted to No.2

HDR_RX_RESP

HDR_RX_RESP

transmit header but lost the
arbitration and received an
irrelevant PID. After that, the
node retries to transmit the
header and transmit/receive
response.
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4.3.1 Enable message frame reception

Figure 7 shows an example for enabling message frame reception.

(infineon

@

2

©)

4

Enable Message
Frame Reception

arb_state=
CXPI_ARB_PENDING

v

cxpi_state =
CXPI_STATE_TXRX_
PENDING

v

Mask INTR Register

v

Set CMD

C Wait for CXPI IRQ )

Figure 7 Message frame reception enable flowchart

(1) Initialize the arbitration state variable
Set arb_state = CXPI_ARB_PENDING

(2) Initialize the communication state variable
Set cxpi_state = CXPI_STATE_TXRX_PENDING

(3) Mask the INTR register by setting INTR_MASK:

INTR_MASK.RX_HEADER_PID_DONE =‘1’
INTR_MASK.RX_RESPONSE_DONE =1’
INTR_MASK.TXRX_COMPLETE = ‘1’

(4) Set CMD (enable header/frame reception)

Configure {C.IFS, C.TXH, C.RXH, C.TXR, C.RXR} ={0’, ‘0, ‘1’, ‘0’, ‘1’} to enable header/frame reception.
If the slave node joins the CXPI bus in the middle, configure CMD.IFS_WAIT to ‘1’ and CLTO.IFS = ‘20’ to make

hardware check for bus idleness before enabling header/frame reception.

After message reception is enabled, SW waits for occurrence of a CXPl interrupt. The CXPl interrupt handler is

explained in 4.3.3 CXPI interrupt handle.
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4.3.1.1 Use case

e Interrupt:
- PID reception done (RX_HEADER_PID_DONE)
- Response reception done (RX_RESPONSE_DONE)
- Message frame ends (TXRX_COMPLETE)
e Command:
- Receive header (RX_HEADER)
- Receive response (RX_RESPONSE)
- Wait for IFS (IFS_WAIT)

4.3.1.2 Configuration

Table 10 Enabling message frame reception functions in SDL

Function Description Value

Cy_CXPI_SetInterrupt | Setup interrupt source to be accepted -
Mask()

pstcCXPI Specifies the pointer to CXPl instance register | pstcCXPI
area
mask The mask with the OR of the interrupt source to | CXPI_INTR_RX_HEADER_PID_DONE |
be accepted: CXPI_INTR_TXRX_COMPLETE |
CXPI_INTR_TX_HEADER_DONE: Header CXPI_INTR_RX_RESPONSE_DONE |
transmission done CXPI_INTR_TIMEOUT |
CXPI_INTR_TX_RESPONSE_DONE: Response | CXPI_INTR_ALL_ERROR_MASK
transmission done
CXPI_INTR_TX_WAKEUP_DONE: Wakeup
transmission done
CXPI_INTR_TX_FIFO_TRIGGER: Transmission
FIFO trigger level shortfall
CXPI_INTR_RX_HEADER_DONE: Header
reception done
CXPI_INTR_RX_RESPONSE_DONE: Response
reception done
CXPI_INTR_RX_WAKEUP_DETECT: Receiver
wakeup detect

CXPI_INTR_RX_FIFO_TRIGGER: Reception FIFO
trigger level exceeded
CXPI_INTR_RX_HEADER_PID_DONE: PID
reception done

CXPI_INTR_TXRX_COMPLETE: Frame message
ends

CXPI_INTR_TIMEOUT: Time out
CXPI_INTR_TX_HEADER_ARB_LOST:
Transmitter arbitration loss

CXPI_INTR_TX_BIT_ERROR: Transmitter bit
error
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Function

Description

Value

CXPI_INTR_RX_CRC_ERROR: Receiver response
CRC error

CXPI_INTR_RX_HEADER_PARITY_ERROR:
Receiver PID parity error

CXPI_INTR_RX_DATA_LENGTH_ERROR:
Receiver data length error

CXPI_INTR_TX_DATA_LENGTH_ERROR:
Transmitter data length error
CXPI_INTR_RX_OVERFLOW_ERROR: Reception
overflow error

CXPI_INTR_TX_OVERFLOW_ERROR:
Transmission overflow error

CXPI_INTR_RX_UNDERFLOW_ERROR:
Reception underflow error

CXPI_INTR_TX_UNDERFLOW_ERROR:
Transmission underflow error

CXPI_INTR_RX_FRAME_ERROR: Receiver frame
error

CXPI_INTR_TX_FRAME_ERROR: Transmitter
frame error

CXPI_INTR_ALL_ERROR_MASK: CXPI all error

Cy_CXPI_SetCmd()

Setup CXPI operation command

pstcCXPI

Specifies the pointer to CXPI instance register
area

pstcCXPI

command

Specifies the required operation command:
CXPI_CMD_TX_HEADER: Transmit header only
CXPI_CMD_RX_HEADER: Receive header only

CXPl_CMD_TX_HEADER_RX_HEADER: Transmit
header and receive header

CXPI_CMD_TX_RESPONSE: Transmit response
CXPI_CMD_RX_RESPONSE: Receive response

CXPI_CMD_TX_HEADER_TX_RESPONSE:
Transmit header and transmit response

CXPI_CMD_TX_HEADER_RX_RESPONSE:
Transmit header and receive response

CXPI_CMD_RX_HEADER_RX_RESPONSE:
Receive header and receive response

CXPI_CM_TX_WAKEUP: Wakeup frame
CXPI_CMD_SLEEP: Sleep mode

CXPI_CMD_WAKE_TO_STANDBY: Wake up from
sleep mode to standby mode

CXPI_CMD_IFS_WAIT: Wait for IFS

CXPI_CMD_IFS_WAIT |
CXPI_CMD_RX_HEADER_RX_
RESPONSE
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4.3.1.3 Example code

Code Listing 7 Example of message frame reception enable in driver part

void Cy CXPI EnableMessageFrameReception(volatile stc CXPI _CH t *pstcCXPI, stc CXPI context t *cxpiCtx,
uint32_t IFSwait) {
uint32 t command = QOul; N — —
cxpiCtx->arbState = CXPI_ARB PENDING; (1) Initialize arbitration state )
cxpiCtx->state = CXPI_STATE TXRX PENDING;

1 (2) Initialize communication state variable ]

Cy CXPI SetInterruptMask (pstcCXPI, CXPI INTR RX HEADER PID DONE | CXPI INTR TXRX COMPLETE |
CXPI_INTR RX RESPONSE DONE | CXPI INTR TIMEOUT | CXPI INTR ALL ERROR MASK); t{

(3) Mask INTR register ]

(Code Listing 8)
command CXPI_CMD_RX HEADER RX RESPONSE;

if (IFSwait > Oul) {
pstcCXPI->unCTLO.stcField.u5IFS = IFSwait;
command |= CXPI CMD IFS WAIT;

} ( T
Cy CXPI SetCmd(pstcCXPI, command) ; (4)Set CMD (Code Listing 9|

Code Listing 8 Example of message frame reception enable in driver part

cy en cxpi status t Cy CXPI SetlInterruptMask(volatile stc CXPI CH t* pstcCXPI, uint32 t mask)
{
cy _en cxpi status t ret = CY CXPI SUCCESS;
if (NULL == pstcCXPI) {
return CY CXPI BAD PARAM;
}
pstcCXPI->unINTR MASK.u32Register = mask;
return ret;

= (3) Set INTR_MASK register ]

Code Listing 9 Example of message frame reception enable in driver part

cy en cxpi status t Cy CXPI SetCmd(volatile stc CXPI CH t* pstcCXPI, uint32 t command)
{
cy _en_cxpi status_t ret = CY CXPI_ SUCCESS;
if (NULL == pstcCXPI) {
return CY CXPI BAD PARAM;
}

pstcCXPI->unCMD.u32Register = command; '-===ﬁ(MSHCMDmg§a ]
return ret;
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4.3.2

Request message frame transmission

Figure 8 shows an example of request message frame transmission.

@

e

©)

Request Message
Transmission Operation

Clear TX FIFO

v

Clear RX FIFO

Send both PID and
Response

Send PID and
Receive Response

Only available for master
node in Polling method

Available for all nodes in

all methods

Send PTYPE only

(4 Set PID Set PID Set PID
5 Set Frame Information
(6) Write Data to TX FIFO
(7.1) cxpi_state = (7.2) cxpi_state = (7.3) cXpi_state =
| cxPI_STATE_TX_HDR_TX | cXPI_STATE_TX_HDR_RX CXPI_STATE_TX_PTYPE
_RESP _RESP
(8.1) Mask INTR Register (8.2) Mask INTR Register (83) Mask INTR Register
Set CTLO.IFS Set CTLO.IFS Set CTLO.IFS
(1) Set CMD (92) Set CMD (©3) Set CMD
( Wait for CXPI IRQ )
Figure 8 Flowchart for requesting message frame transmission

(1) Clear the TX FIFO in advance
Configure TX_FIFO_CTL.CLEAR to ‘1’ and followed by ‘0’ to perform clearing the TX FIFO.

(2) Clear the RX FIFO in advance
Configure RX_FIFO_CTL.CLEAR to ‘1’ and followed by ‘0’ to perform clearing the RX FIFO.
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(3) Set the PID/PTYPE field of the header by setting TXPID_FI.PID as listed in Table 11.

Table 11 PID/PTYPE field setting
Register Bit Description

TXPID_FI PID[6:0] PID to be transmitted

This field can be used to transmit the PTYPE field because the hardware handles
both PID and PTYPE the same wayj, i.e., setting TXPID_FI.PID[6:0]= 0 to transmit
PTYPE field.

PID[7] 0dd parity bit. Calculated by the hardware.

PID[7]=!(ID[6] ~ ID[5] ~ ID[4] A ID[3] A ID[2] ~ ID[1] A ID[0])

(4) Set the Frame Information field of the response by setting TXPID_FI.FI. as listed in Table 12.

Table 12 Frame information setting

Register Bit Description

TXPID_FI FI[7:4] Denotes the data length count (DLC).
FI[3:2] Denotes Network Management.

FI[3] - wakeup.ind
FI[2] - sleep.ind
FI[1:0] denotes CT

(5) Set the Data Length Code Extension field for long frame by writing the data length to TXPID_FI.DLCEXT. This
field is valid only if TXPID_FI.FI[7:4] = 4’b1111. The value specified in this field will be the new data length count.
Valid values are 0-255.

(6) Write each byte of data to TX_FIFO_WR.DATA[7:0]. Hardware shadows over the write data to TX FIFO after
SW performs a write to this field.

(7) Modify the value of communication state variable ‘cxpi_state’ depending on the requested transmission.
(8) Set the INTR_MASK register to enable the event interrupt according to the requested transmission:

(8.1) CXPI_STATE_TX_HDR_TX_RESP case:
INTR_MASK.TX_HEADER_DONE = ‘1’
INTR_MASK.RX_HEADER_PID_DONE =‘1’
INTR_MASK.TX_RESPONSE_DONE =1’
INTR_MASK.RX_RESPONSE_DONE =‘1’
INTR_MASK.TXRX_COMPLETE = ‘1’

(8.2) CXPI_STATE_TX_HDR_RX_RESP case:
INTR_MASK.TX_HEADER_DONE = ‘1’
INTR_MASK.RX_HEADER_PID_DONE =‘1’
INTR_MASK.RX_RESPONSE_DONE =‘1’
INTR_MASK.TXRX_COMPLETE = ‘1’

(8.3) CXPI_STATE_TX_PTYPE case:
INTR_MASK.TX_HEADER_DONE = ‘1’
INTR_MASK.RX_HEADER_PID_DONE =‘1’
INTR_MASK.RX_RESPONSE_DONE =‘1’
INTR_MASK.TXRX_COMPLETE = ‘1’
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In all cases, enable necessary error reporting interrupts by configuring the corresponding bits in INTR_MASK to
‘1.

(9) Set the command sequence according to state according to the requested transmission.

(9.1) CXPI_STATE_TX_HDR_TX_RESP case:
Configure {C.IFS, C.TXH, C.RXH, C.TXR, C.RXR} ={‘0’ or ‘1’, ‘1", ‘1", ‘1’, 1’}

(9.2) CXPI_STATE_TX_HDR_RX_RESP case:
Configure {C.IFS, C.TXH, C.RXH, C.TXR, C.RXR} ={0’ or ‘1’,‘1°, ‘1", ‘0’, ‘1’}

(9.3) CXPI_STATE_TX_PTYPE case:
Configure {C.IFS, C.TXH, C.RXH, C.TXR, C.RXR}={‘0’ or ‘1’, ‘1", ‘1’,‘0’, 1’}

Note: Set CMD.IFS_WAIT = ‘0’if IFS checking is not required, i.e., transmitting the header after
transmitting or receiving PTYPE.
If IFS checking is required, before setting the CMD register, set CLTO.IFS to the number of ‘1’ logic
bits that needs to be fulfilled before transmitting the header.

After requesting message transmission, SW waits for occurrence of a CXPl interrupt. The CXPl interrupt handler
is explained in 4.3.3 CXPI interrupt handle.

4.3.2.1 Use case

Table 13 Use case of requesting message frame transmission

Use case Send both PID and response Send PID and receive response

CXPI channel 3 3

Frame ID O0x4A or Ox4F O0x0A or OxOF

Response data 0x4A: 8 bytes, 0x4F: 16 bytes -

length

State CXPI_STATE_TX_HDR_TX_RESP CXPI_STATE_TX_HDR_RX_RESP

Interrupt Header transmission done Header transmission done
(CXPI_INTR_TX_HEADER_DONE) (CXPI_INTR_TX_HEADER_DONE)
PID reception done PID reception done
(CXPI_INTR_RX_HEADER_PID_DONE) (CXPI_INTR_RX_HEADER_PID_DONE)
Response transmission done Response reception done
(CXPI_INTR_TX_RESPONSE_DONE) (CXPI_INTR_RX_RESPONSE_DONE)
Response reception done Frame message ends
(CXPI_INTR_RX_RESPONSE_DONE) (CXPI_INTR_TXRX_COMPLETE)
Frame message ends
(CXPI_INTR_TXRX_COMPLETE)

Command Transmit header (CXPI_CMD_TX_HEADER) | Transmit header (CXPI_CMD_TX_HEADER)
Receive header (CXPI_CMD_RX_HEADER) | Receive header (CXPI_CMD_RX_HEADER)
Transmit response Receive response
(CXPI_CMD_TX_RESPONSE) (CXPI_CMD_RX_RESPONSE)
Receive response Wait for IFS (CXPI_CMD_IFS_WAIT)
(CXPI_CMD_RX_RESPONSE)
Wait for IFS (CXPI_CMD_IFS_WAIT)
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4.3.2.2 Configuration
Table 14 Requesting message frame transmission functions in SDL
Function Description Value

Cy_CXPI_SendPID()

PID transmission and response
transmission/reception

stc_CXPI_CH_t*

Specifies the CXPI channel instance

CXPI_CH_INSTANCE =
CY_CXPICH3_TYPE

pstcCXPI Specifies the pointer to the CXPl instance &cxpiCtx
register area
framelD Specifies the Frame ID that will be sent scheduledFrameCtx[scheduleldx].id

(See Code Listing 10)

withResponse

Selects response transmission:

True: Send response after finishing
transmitting PID

False: No response

CXPI_STATE_TX_HDR_TX_RESP
case: true

Other cases: false

True: Wait for IFS
False: No wait for IFS

pResponse Specifies the pointer to the response which | &scheduledFrameCtx[scheduleldx].
is sent after transmitting PID, if response
“withResponse” is true. (See Code Listing 10)

IFSwait Selects IFS checking: true

Cy_CXPI_SetCmd()

Sets up the CXPl operation command:
See Table 10.

See Code Listing 11.

Cy_CXPI_SetInterrupt
Mask()

Sets up the interrupt source to be accepted:

See Table 10.

See Code Listing 11.

Cy_CXPI_ClearTxFIFO()

Clears TxFIFO

pstcCXPI Specifies the pointer to the CXPl instance pstcCXPI
register area
Cy_CXPI_ClearRxFIFO() | Clears RxFIFO -
pstcCXPI Specifies the pointer to the CXPl instance pstcCXPI
register area
Cy_CXPI_SetPID() Sets PID -
pstcCXPI Specifies the pointer to the CXPl instance pstcCXPI
register area
id Specifies the Frame ID that will be sent framelD
Cy_CXPI_SetFl() Sets the frame information -
pstcCXPI Specifies the pointer to the CXPl instance pstcCXPI
register area
fi Specifies the frame information pResponse->framelF

(See Code Listing 10)

Cy_CXPI_SendPTYPE()

Sends PTYPE
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Function

Description

Value

pstcCXPI

Specifies the pointer to the CXPl instance
register area

cxpiCtx

Pointer to the context structure

4.3.2.3

Code Listing 10

Example code

Example of requesting message frame transmission in configuration part

{

}7
{

{

{

}I
}i

{.framelF =

{

}7

}I

{.framelF =

{

}l

}i

{

cxpi frame context t scheduledFrameCtx[] = {
.id = 0x0A,
.id = 0x4A,

.response
{.framelF

.datalength = 8ul,
.SleepInd = 0Ox1lul,
.WakeupInd = Ox1lul,
.counter = 0x03ul,

.id = 0xOF,

.id = 0x4F,
.response =
{.framelF

.datalength = 1l6ul,
.SleepInd = 0Ox1lul,
.WakeupInd = 0Ox1lul,
.counter = 0x03ul,

cxpil_ response_t reponselList[] = {

.datalength = 8ul,
.SleepInd = 0xlul,
.WakeupInd = 0Ox1lul,
.counter = 0x03ul,

.dataBuffer = { 0x01, 0x02, 0x03, 0x04, 0x05, 0x06, 0x07,

.datalength = 24ul,
.SleepInd = 0Oxlul,
.WakeupInd = 0Ox1lul,
.counter = 0x03ul,

.dataBuffer = { 0x01, 0x02, 0x03, 0x04, 0x05, 0x06, 0x07,

0x11, 0x12, O0x13, 0x14, 0x15, 0xl6, 0x17,
0x21, 0x22, 0x23, 0x24, 0x25, 0x26, 0x27,

void CxpiScheduleHandler (void)

static uint32 t schedulelIdx = Oul;
switch (scheduledFrameCtx[scheduleIdx].id) {

0x08 }

0x08,
0x18,
0x28 }
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Code Listing 10 Example of requesting message frame transmission in configuration part

case 0xOA:
Cy CXPI SendPID(CXPI CH INSTANCE, &cxpiCtx, scheduledFrameCtx[scheduleIdx].id,
false, &scheduledFrameCtx[scheduleldx].response, true);

break; \l Request for PID transmission and response reception ]
case 0Ox4A:

Cy CXPI SendPID(CXPI CH INSTANCE, &cxpiCtx, scheduledFrameCtx[scheduleIdx].id,
true, &scheduledFrameCtx[scheduleldx] .response, true);
break; \l Request for both PID and response transmission ]
case 0x0F:
Cy CXPI SendPID(CXPI CH INSTANCE, &cxpiCtx, scheduledFrameCtx[schedulelIdx].id,
false, &scheduledFrameCtx[scheduleIdx].response, true);

break; \l Request for PID transmission and response reception ]
case 0x4F:

Cy CXPI SendPID(CXPI CH INSTANCE, &cxpiCtx, scheduledFrameCtx[schedulelIdx].id,
true, &scheduledFrameCtx[scheduleldx] .response, true);

break; ] Request for both PID and response transmission ]

}
scheduleIdx = (scheduleldx + 1) % DIM(scheduledFrameCtx) ;

Code Listing11  Example of PID transmission and response transmission/reception in driver part

cy en cxpi status t Cy CXPI SendPID(volatile stc CXPI CH t* pstcCXPI,
stc CXPI context t* cxpiCtx,
uint8 t framelD,
bool withResponse,
cxpl response t* pResponse,
bool IFSwait)

cy en cxpi status t ret = CY CXPI SUCCESS;
if (NULL == pstcCXPI) {
return CY_ CXPI_BAD_ PARAM;
}
if (cxpiCtx->state != CXPI_STATE_TXRX PENDING) {

t CY CXPI BAD PARAM; . .
) return — — — / (1) Clear TX FIFO (See Code Listing 14)]

Cy CXPI ClearTxFIFO (pstcCXPI); K T
Gy CXPI CloarRXFIFO (potoCKPI) | (2) Clear RX FIFO (See Code Listing 12 |

3) Send PID and Receive R
. . J— T an W (4) Set PID (See Code Listing 13) ]
if (!withResponse) { ——" —————\

Cy_CXPI_SetPID(pstcCXPI, framelD); 4_______1(IEcxm_ﬁme=CXM_$ATEJX_HDKRXJESP ]

cxpiCtx->state = CXPI STATE TX HDR RX RESP;

cxpiCtx->receivedFrame.id = framelID; AA___J(82)MaWINTngerKodeLhﬁngsﬂ

Cy CXPI SetInterruptMask (pstcCXPI, CXPI INTR TX HEADER DONE | CXPI INTR RX HEADER PID DONE |
CXPI_INTR RX RESPONSE DONE | CXPI INTR TXRX COMPLETE | CXPI INTR TIMEOUT | CXPI INTR ALL ERROR MASK) ;

if (IFSwait) {
Cy CXPI_SetCmd (pstcCXPI, CXPI CMD IFS WAIT | CXPI_CMD TX HEADER RX RESPONSE |
CXPI_CMD_RX_HEADER) ;
} else {
Cy CXPI_SetCmd (pstcCXPI, CXPI CMD TX HEADER RX RESPONSE | CXPI_CMD RX HEADER);

(9.2) Set CMD
(Code Listing 9)

}

} else { 1 (3) Send both PID and Response _] [ (4) Set PID (See Code Listing 13)]
Cy CXPI_SetPID(pstcCXPI, framelD);
Cy_CXPI_SetFI(pstcCXPI, pResponse->framelF); [G)SmfmmemﬂxmaﬁmNCodeLkﬁnglﬁ ]

uint32_t k = 0;
for(k = 0; k < pResponse->framelF.datalength; k++) {

Cy CXPI WriteTxFIFO (pstcCXPI, pResponse->dataBuffer[k]); 4 (6) Write data to TX FIFO ]
}

cxpiCtx->txBuf = pResponse->dataBuffer;
cxpiCtx->txBuffCount = pResponse->framelF.datalength;

(7.1) cxpi_state = CXPI_STATE_TX_HDR_TX_RESP ]
cxpiCtx->state = CXPI STATE TX HDR TX RESP;

cxpiCtx->transmittingFrame.id = framelD;
cxpiCtx->pTransmittingFrameResponse = pResponse;

Cy CXPI SetInterruptMask (pstcCXPI, CXPI INTR TX HEADER DONE | CXPI INTR RX HEADER PID DONE |
CXPI INTR TX RESPONSE DONE | CXPI INTR RX RESPONSE DONE | CXPI INTR TXRX COMPLETE | CXPI INTR TIMEOUT |
CXPI INTR ALL ERROR MASK);

— 1 (8.1) Mask INTR register (Code Listing 8) ]
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Code Listing 11  Example of PID transmission and response transmission/reception in driver part

if (IFSwait) |
Cy CXPI SetCmd(pstcCXPI, CXPI CMD IFS WAIT | CXPI CMD TX HEADER TX RESPONSE |
CXPI_CMD RX HEADER RX RESPONSE) ; {(QJ)SﬂCMD(CodeLBﬁngB) ]
} else {
Cy CXPI SetCmd(pstcCXPI, CXPI CMD TX HEADER TX RESPONSE | CXPI CMD RX HEADER RX RESPONSE) ;

}
}

return ret;

Code Listing12 Example of clearing the Rx FIFO in driver part

cy en cxpi status t Cy CXPI ClearRxFIFO(volatile stc CXPI CH t* pstcCXPI)
{

cy en cxpi status t ret = CY CXPI SUCCESS;

if (NULL == pstcCXPI) {

return CY CXPI_ BAD_ PARAM;

}

pstcCXPI->unRX FIFO CTL.stcField.ulCLEAR = 1lul;

while (pstcCXPI->unRX FIFO STATUS.stcField.u5USED != Oul) {

}i I clearrxFIFO )

pstcCXPI->unRX FIFO CTL.stcField.ulCLEAR = Qul;

return ret;

Code Listing 13  Example of PID setting for header transmission in driver part

cy en cxpi status t Cy CXPI SetPID(volatile stc CXPI CH t* pstcCXPI, uint8 t id)
{
cy en cxpi status t ret = CY CXPI SUCCESS;
1f (NULL == pstcCXPI) {
return CY CXPI BAD PARAM;
} — setpiD ]
pstcCXPI->unTXPID FI.stcField.u8PID = id;
return ret;

Code Listing 14  Example of clearing the Tx FIFO in driver part

cy _en _cxpi_status t Cy CXPI ClearTxFIFO(volatile stc CXPI CH t* pstcCXPI)
{
cy en cxpi status t ret = CY CXPI SUCCESS;
if (NULL == pstcCXPI) {
return CY CXPI_BAD PARAM;
}
pstcCXPI->unTX FIFO CTL.stcField.ulCLEAR = 1lul;
while (pstcCXPI->unTX FIFO STATUS.stcField.u5USED != Qul) {
}i A clearTx FIFO ]
pstcCXPI->unTX FIFO CTL.stcField.ulCLEAR = Oul;
return ret;
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Code Listing 15 Example of setting the frame information in driver part

cy en cxpi status t Cy CXPI SetFI(volatile stc CXPI CH t* pstcCXPI, stc cxpi frame info t fi)
{
cy _en _cxpi status t ret = CY CXPI SUCCESS;

if ((NULL == pstcCXPI) || (fi.counter > CXPI_ COUNTER MAX)) {

return CY CXPI BAD PARAM;
! . / Set Frame Information ]
uint8 t temp = Ou;

if(fi.datalength <= 12u) {
temp = temp | ((fi.datalength & 0x0fu) << 4);
temp = temp | ((fi.WakeupInd & 0x0lu) << 3);
temp = temp | ((fi.SleepInd & 0x01lu) << 2);
temp = temp | (fi.counter & 0x03u);
pstcCXPI->unTXPID FI.stcField.u8FI = temp;
// pstcCXPI->unTXPID FI.stcField.u8DLCEXT = Ou;

} else {
temp = temp | ((0x0fu) << 4);
temp = temp | ((fi.WakeupInd & 0x0lu) << 3);
temp = temp | ((fi.SleepInd & 0x01lu) << 2);
temp = temp | (fi.counter & 0x03u);

pstcCXPI->unTXPID FI.stcField.u8FI = temp;
pstcCXPI->unTXPID FI.stcField.u8DLCEXT = fi.datalength;
}

return ret;

Code Listing 16  Example of sending PTYPE only in driver part

cy en cxpi status t Cy CXPI SendPTYPE (volatile stc CXPI CH t* pstcCXPI, stc CXPI context t* cxpiCtx)
{

cy en cxpi status t ret = CY CXPI SUCCESS;

if (NULL == pstcCXPI) {

return CY CXPI BAD PARAM; -
} B - ____‘========::4U&cm@mm=wm5nwgmjww ]
cxpiCtx->state = CXPI_STATE TX PTYPE;

- . . .
Cy CXPI_SetPID(pstcCXPI, CXPI_PTYPE); __ w3)Ma%lNTngmmrKodequngS”

Cy CXPI SetInterruptMask(pstcCXPI, CXPI INTR RX HEADER PID DONE | CXPI INTR TX HEADER DONE |
CXPI_INTR RX RESPONSE DONE | CXPI_INTR TXRX COMPLETE | CXPI_INTR TIMEOUT |
CXPI_INTR TXRX COMPLETE | CXPI_INTR ALL ERROR MASK) ;
Cy CXPI SetCmd (pstcCXPI, CXPI CMD IFS WAIT | CXPI CMD TX HEADER RX HEADER | CXPI CMD RX RESPONSE) ;

: return ret; 1 (9.3) Set CMD (Code Listing 9) ]
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4.3.3

CXPl interrupt handle

This section explains the implementation of CXPl interrupt handling (see Figure 9).

CXPI IRQ Handle

Get INTR_MASKED

Clear all Accepted interrupt

(€}

@

Transmitting Error
Or Timeout

cxpi_state ==
CXPI_STATE_TXRX_
PENDING

cxpi_state ==
CXPI_STATE_TX_PTYPE

cxpi_state ==
(11)

INTR.RX_HEADER_

12 PID_DONE == 1

CXPI_STATE_TX_HDR_TX_RESP or
CXPI_STATE_TX_HDR_RX_RESP.

8

cxpi_state =

Header Reception Operation

Error Handler

9 (10)

CXPI_STATE_TXRX_PEND
ING

- Continue Transmitting yes »/ Request message frame
e Message after PTYPE 7\ transmission operation

no

Only available for master
node in Polling method

Available for all nodes in
all methods

cxpi_state =
CXPI_STATE_RX_HDR_TX_RESP or
CXPI_STATE_RX_HDR_RX_RESP

NTR.TX_HEADER
ARB_LOST ==1

arb_state =

CXPI_ARB_LOST_TX_RESP
or

CXPI_ARB_LOST_RX_RESP

INTR.TX_RESPONSE_

(19) DONE == 1

INTR.RX_RESPONSE_

) DONE ==1

(20
Transmission of Response
is Finished
Wait for EOF
(22)

Reception of Response is
Finished
Read Received Response
Wait for EOF

(23)

Y TXRX Completion Operation

6) INTR.TXRX_COMPLETE =1
Transmission of Response
(15) INTR.TX_RESP_DONE == 1 is Finished
Wait for EOF
[
(18)
Reception of Response is
) INTR.RX_RESPONSE_ Finished
DONE==1 Read Received Response
Wait for EOF
>
INTR.TXRX_COMPLETE =1 VA
Wait for CXPI IRQ
Figure 9 CXPl interrupt handle flowchart

(1) Acquire the interrupt information from INTR_MASKED register

(2) Clear all accepted interrupts

(3) Check if error occurred. If yes, go to (4)

(4) Handle error. See section 4.3.6 Error handler.
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(5) If the current state is CXPI_STATE_TXRX_PENDING, go to (6) to perform header reception operation. Else, go
to (7).

(6) Header reception operation. See 4.3.4 Header reception operation for the software flowchart.
(7) If the current state is CXPI_STATE_TX_PTYPE, go to (8); else, go to (11).
(8) PTYPE is transmitted properly, set communication state to CXPI_STATE_TXRX_PENDING.

(9) If the master continues transmitting message frame after PTYPE transmission, go to (10) to request message
frame transmission. If not, the master stays in transmission/reception pending state.

(10) Request message frame transmission. See 4.3.2 Request message frame transmission for the software
flowchart.

(11) If the current state is CXPI_STATE_TX_HDR_TX_RESP or CXPI_STATE_TX_HDR_RX_RESP, go to (12); else, go
to (19).

(12) Check if INTR.RX_HEADER_PID_DONE flag is set. If yes, go to (13); else, go to (15).

(13) Check if INTR.TX_HEADER_ARB_LOST flag is set. If yes, this node has lost arbitration when attempting to
transmit the header. Clear INTR.TX_HEADER_ARB_LOST and go to (14). If not, go to (6) to perform header
reception operation.

(14) Change the arbitration state variable to indicate that arbitration is lost.

If arbitration is lost when transmitting both header and response, set arb_state = CXPI_ARB_LOST_TX_RESP.
If arbitration is lost when transmitting header and receiving response, set arb_state =
CXPI_ARB_LOST_RX_RESP.

Then, go to (6) to perform the header reception operation.

(15) Check if INTR.TX_RESPONSE_DONE flag is set. If yes, go to (16); else, go to (17).

(16) Response transmission is done. Wait for hardware to confirm EOF after frame transmission, i.e., wait for
INTR.TXRX_COMPLETE flag to be set by hardware.

(17) Check if INTR.RX_RESPONSE_DONE flag is set. If yes, go to (18); else, go to (23).

(18) Response reception is done. Read received response from the Rx FIFO and wait for hardware to confirm
EOF after frame reception, i.e., wait for INTR.TXRX_COMPLETE flag to be set by hardware.

(19) Check if INTR.TX_RESPONSE_DONE flag is set. If yes, go to (20) else, go to (21).

(20) Response transmission is done. Wait for hardware to confirm EOF after frame response transmission, i.e.,
wait for INTR.TXRX_COMPLETE flag to be set by hardware.

(21) Check if INTR.RX_RESPONSE_DONE flag is set. If yes, go to (22); else, go to (23).

(22) Response reception is done. Read received response in RX FIFO and wait for hardware to confirm EOF after
frame reception, i.e. wait for INTR.TXRX_COMPLETE flag to be set by hardware.

(23) Hardware confirmed EOF after frame ends without data length error. See 4.3.5 TXRX completion
operation for example of software flowchart.
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4.3.3.1 Use case

This section explains an example of CXPl interrupt handle using the use case shown in 4.3.1.1 Use case and
4.3.2.1 Use case.

4.3.3.2 Configuration

Table 15 CXPl interrupt handle functions
Function Description Value
Cy_CXPI_Interrupt() Interrupt function for the CXPI channel -
stc_CXPI_CH_t* | Specifies the CXPI channel instance CXPI_CH_INSTANCE =
CY_CXPICH3_TYPE
pstcCXPI Specifies the pointer to CXPl instance &expiCtx
register area
Cy_CXPI_GetInterrupt Returns the status of all mask enabled -
MaskedStatus() interrupt causes
pstcCXPI Specifies the pointer to CXPl instance pstcCXPI
register area
status Reflects a bitwise AND between the INTR -
and INTR_MASK registers
Cy_CXPI_ClearInterrupt() | Clears interrupt sources in the interrupt -
request register
pstcCXPI Specifies the pointer to CXPl instance pstcCXPI
register area
status Reflects the status of unmasked interrupt -

4.3.3.3 Example code

Code Listing 17  Example of CXPI interrupt handle in configuration part

void CxpiInterruptHandler (void)

{ __r
Cy CXPI Interrupt (CXPI_CH INSTANCE, &cxpiCtx); lCXMImenumrwnmeﬁeeCodeLkﬁnglm ]

}

Code Listing 18  Example of CXPI interrupt handle in driver part

cy_en_cxpil_status_t Cy CXPI_ Interrupt(volatile stc_CXPI_CH t* pstcCXPI, stc_CXPI_context t* pCxpiCtx)
{

cy _en _cxpi status t ret = CY CXPI_ SUCCESS;

uint32_t maskedStatus = 0; :_J(l) Get INTR_MASKED (See Code Listing 19)
Cy CXPI GetInterruptMaskedStatus (pstcCXPI, &maskedStatus):;

/* Clear accepted interrupt */ r

Cy CXPI ClearInterrupt (pstcCXPI, maskedStatus); lQ)GemauamemedmmrmptﬁeeCodeLkﬁngzm]
if ((CXPI_INTR TX WAKEUP DONE & maskedStatus) != Oul) {

/* Wakeup pulse transmitted */

1f (pCxpiCtx->pNotifyTrasmittedWakeupPulse != NULL) {

pCxpiCtx->pNotifyTrasmittedWakeupPulse () ;
}
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Code Listing 18  Example of CXPI interrupt handle in driver part

if ((CXPI_INTR RX WAKEUP DETECT & maskedStatus) != Oul) {
if (pCxpiCtx->pNotifyRXFallingEdgeDetected != NULL) {
pCxpiCtx->pNotifyRXFallingEdgeDetected() ;
}
}

if ((CXPI_INTR_ALL ERROR MASK & maskedStatus) != Oul) { ' (3) Transmitting error ]
/* There are some error */
/* Handle error if needed */ AJ(MEnonnmer ]

Cy CXPI SetCmd(pstcCXPI, 0x0);

pCxpiCtx->retriesCount = Oul;
pCxpiCtx->arbState = CXPI_ARB PENDING;
pCxpiCtx->state = CXPI_STATE TXRX PENDING;

Cy CXPI_SetInterruptMask (pstcCXPI, CXPI_INTR RX HEADER PID DONE | CXPI_INTR TXRX COMPLETE |
CXPI_INTR RX RESPONSE DONE | CXPI_INTR TIMEOUT | CXPI INTR ALL ERROR MASK) ;
pstcCXPI->unCTLO.stcField.u5IFS = 20u;
Cy CXPI SetCmd(pstcCXPI, CXPI CMD RX HEADER RX RESPONSE | CXPI CMD IFS WAIT);
if (pCxpiCtx->pNotifyError != NULL) {
(pCxpiCtx->pNotifyError) (CXPI_INTR ALL ERROR MASK & maskedStatus);

}

} else if ((CXPI_INTR TIMEOUT & maskedStatus) != Oul){ 44{(3Y”meom ]
/* Timeout */
Cy CXPI ClearTxFIFO (pstcCXPI);
Cy CXPI ClearRxFIFO (pstcCXPI);

Cy CXPI SetInterruptMask (pstcCXPI, CXPI INTR RX HEADER PID DONE | CXPI INTR TXRX COMPLETE |
CXPI INTR RX RESPONSE DONE | CXPI INTR TIMEOUT | CXPI INTR ALL ERROR MASK);
pCxpiCtx->arbState = CXPI ARB_PENDING;

pCxpiCtx->state = CXPI_STATE TXRX PENDING;

Cy CXPI SetCmd (pstcCXPI, CXPI CMD RX HEADER RX RESPONSE);

} else { ~__I'(5) cxpi_state = CXPI_STATE_TXRX_PENDING
if (pCxpiCtx->state == CXPI_STATE TXRX PENDING) {

//Received header / (6) Header Reception Operation (See Code Listing 21)]

HeaderReceptionOperation (pstcCXPI, pCxpiCtx) ;
} else if (pCxpiCtx->state == CXPI_STATE TX PTYPE) { --===4(7NNPL“N6=CX”_$“Tﬂfx_WVPE

//PTYPE is sent

pCxpiCtx->state = CXPI_STATE_ TXRX_ PENDING;

__ (8) cxpi_state = CXPI_STATE_TXRX_PENDING

//notify user /J (9) Continue transmitting message after PTYPE
if (pCxpiCtx->pNotifySentPTYPE != NULL) { -
pCxpiCtx->pNotifySentPTYPE () ; | (10) Request message frame transmission

}

} else if ((pCxpiCtx->state == CXPI STATE TX HDR TX RESP) || (pCxpiCtx->state ==
CXPI_STATE TX_ HDR _RX RESP)) { —=====——— (11) cxpi_state = CXPI _STATE_TX_HDR TX RESP or CXPI STATE TX HDR_RX RESP )
if ((CXPI_INTR RX HEADER PID DONE & maskedStatus) != Oul) {

// received header while attempting to transmit headerﬁh‘~l (12) INTR.RX_HEADER_PID_DONE ==

// check if arbitration lost
if (pstcCXPI->unINTR.stcField.ulTX HEADER ARB_LOST == lul) f~a—
//arbitration lost [ (13) INTR.TX_HEADER_ARB_LOST = ]
//clear INTR.TX HEADER ARB_LOST
pStcCXPI->unINTR.stcField.ulTX HEADER ARB LOST = lul;

//set arbitration state (14) arb_state = CXPI_ARB_LOST_TX_RESP
if (pCxpiCtx->state == CXPI_STATE TX HDR _RX RESP) { or CXPI ARB LOST RX RESP

pCxpiCtx->arbState = CXPI_ARB_LOST_RX_ RESP; - J
} else if (pCxpiCtx->state == CXPI_STATE TX HDR TX RESP) {

pCxpiCtx->arbState = CXPI_ARB LOST_ TX_ RESP;
}
}
HeaderReceptionOperation (pstcCXPI, pCxpiCtx);
} else if ((CXPI_INTR TX RESPONSE DONE & maskedStatus) != Oul)#<4(H)WTRTKRESRDONE::
// response transmission is done
// do nothing but wait for INTR.TXRX COMPLETE
} else if ((CXPI_INTR RX RESPONSE DONE & maskedStatus) != Oul) {ﬁ (17) INTR.RX_RESP_DONE == ]
// response received
RXResponseDoneHandler (pstcCXPI, pCxpiCtx);
} else if ((CXPI_INTR TXRX COMPLETE & maskedStatus)
TXRXCompletionOperation (pstcCXPI, pCxpiCtx) ;

/' (16) Transmission of response is finished. Wait for EOF ]

'

(18) Reception of response is finished.

!'= Oul)
Read received response. Wait for EOF.

{

}

} else if ((pCxpiCtx->state == CXPI_STATE RX HDR TX RESP) || (pCxpiCtx->state ==
CXPI_STATE_RX HDR_RX RESP)) { A (19) INTR.TX_RESPONSE_DONE == ]
if ((CXPI INTR TX RESPONSE DONE & maskedStatus) != Oul) {
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Code Listing 18  Example of CXPI interrupt handle in driver part

// response transmission is done — P -
20) T f finished. Wait for EOF
// do nothing but wait for INTR.TXRX COMPLETE 4!( ) Transmission of response s finished. Wait for ]
} else if ((CXPI_INTR RX RESPONSE DONE & maskedStatus) != Oul) L‘i (21) INTR.RX_RESPONSE_DONE == 1
// response received X
RXResponseDoneHandler (pstcCXPI, pCxpiCtx) ; (22) Reception of response is finished.
} else if ((CXPI_INTR TXRX COMPLETE & maskedStatus) != Oul) { Read received response. Wait for EOF.

3 3 3 . e
TXRXCompletionOperation (pstcCXPI, pCxpiCtx) ; (23) TXRX completion operation
} (See Code Listing 24)
}

return ret;

N A

}

Code Listing 19 Example for getting the status of all mask-enabled interrupt causes in the driver part

cy en cxpi status t Cy CXPI GetlInterruptMaskedStatus(volatile stc CXPI CH t* pstcCXPI, uint32 t*
status)

{
cy en cxpi status t ret = CY CXPI SUCCESS;
if (NULL == pstcCXPI) {
return CY CXPI_ BAD_ PARAM;

}
*status = pstcCXPI->unINTR MASKED.u32Register; lGeuNTR_MAsKED ]
return ret;

Code Listing20 Example of clearing all accepted interrupts in driver part

cy en cxpil status t Cy CXPI ClearInterrupt(volatile stc CXPI CH t* pstcCXPI, uint32 t mask)
{
cy _en_cxpi_ status_t ret = CY CXPI_ SUCCESS;
1f (NULL == pstcCXPI) {
return CY CXPI BAD PARAM;

/ [
Clear all accepted interrupt in the interrupt request register

pstcCXPI->unINTR.u32Register = mask; *_______________\ ]

return ret;
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4.3.4 Header reception operation

Figure 10 shows an example flowchart for header reception.

Geader Reception Operatio) Only available for slave
# node in Polling method
)] Read received header - -
Available for all node in
all methods
@ Received PTYPE? Request message “\MO
transmy
yes
@ Request message
transmission operation
no
5 Relevant PID?
This part is assumed to be implemented
by user. Not covered in sample code in
|~ - - - -~ | this application note.
l nol |
| © i H (6 Clear CMD.RX_RESP
I (I
| |
I I;
| arb_state== : arb_state== yes
(10) < CXPI_ARB_LOST_TX_ ) CXPI_ARB_LOST_TX_RESP or
| RESP | CXPI_ARB_LOST _RX_RESP
I I
I I
| (1) Clear TX FIFO |
| | Retry to transmit
| I Message frame ves
I I
| l «
| (12) Prepare response data |
| ¢ I Y v
I (13-1) cxpi_state = 13-2) CXpi_state = (13-3) cxpi_state =
| CXPI_STATE_RX_HDR_ CXPI_STATE_RX_HDR_ CXPI_STATE_TXRX_
| TX_RESP | RX_RESP PENDING
| v | v
| (14-1) Mask INTR register | (14-3) Mask INTR register
I v I v
Set CTLO.IFS
| s Set CMD J| (15-3) Set CMD
b= c— v
C Wait for CXPI IRQ )
Figure 10 Header reception flowchart
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(1) Read the received header by reading the RXPID_FI.PID field:
RXPID_FI.PID[6:0] shows received PID/PTYPE.
RXPID_FI.PID[7] shows received odd parity bit.

(2) If PTYPE is received, go to (3); else if normal PID is received, go to (5).
(3) If there is a request message for frame transmission, go to (4); if no, continue waiting for header/response.

(4) Request message frame transmission. The flowchart is shown in 4.3.2 Request message frame
transmission.
Note that IFS checking is not required before transmitting the PID after receiving PTYPE.

(5) Check whether the received PID is relevant.
If yes, go to (8) to check whether the transmission of response is needed.
If no, go to (6) to clear CMD.RX_RESP.

(6) Clear CMD.RX_RESP to stop receiving response.

(7) Check whether PID arbitration is lost by checking the arbitration state variable.
If yes, go to (8) to request message frame re-transmission.
If no, go to (13-3) to move the hardware back to transmission/reception pending state.

(8) At this stage, arbitration is lost and the “won” PID is received, but the received PID can be ignored. Check if
PID that lost arbitration needs to be re-transmitted. If yes, go to (4) to request message frame transmission;
else, go to (13-3).

(9) If the received PID indicates that this node should transmit response, go to (10); else, go to (13-2).

(10) Check whether PID arbitration is lost during the attempt to transmit both header and response. If yes,
CMD.TX_RESPONSE is still set to ‘1’ and Tx FIFO is still filled by old response data; therefore, go to (11). If no, go
to (12).

(11) Clear TX FIFO:
Configure TX_FIFO_CTL.CLEAR to ‘1’ and followed by ‘0’ to perform clearing TX FIFO.

(12) Prepare the response to be transmitted by writing each byte of response to TX_FIFO_WR.DATA[7:0].

(13) Modify the value of the communication state variable ‘cxpi_state’ depending on the requested
transmission.

(14) Set the INTR_MASK register to enable the event interrupt according to the transmission:

(14-1) CXPI_STATE_RX_HDR_TX_RESP
INTR_MASK.TX_RESPONSE_DONE = ‘1’
INTR_MASK.TXRX_COMPLETE =1’

(14-3) CXPI_STATE_TXRX_PENDING case
INTR_MASK.RX_HEADER_PID_DONE =‘1’
INTR_MASK.RX_RESPONSE_DONE =‘1’
INTR_MASK.TXRX_COMPLETE =1’
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(15) Set the command sequence according to the state of the requested transmission:

(15-1) CXPI_STATE_RX_HDR_TX_RESP
Configure {C.IFS, C.TXH, C.RXH, C.TXR, C.RXR} ={0’, ‘0’, ‘0’, ‘1", ‘0’}.

(15-3) CXPI_STATE_TXRX_PENDING

Configure CLTO.IFS =20’.

Configure {C.IFS, C.TXH, C.RXH, C.TXR, C.RXR} ={1’, ‘0’, ‘1’, ‘0’, 1’} to enable header/frame reception.
CMD.IFS_WAIT is set to ‘1’to make the hardware wait for 20Tbit of logic ‘1’ before enabling header/frame
reception.

4.3.4.1 Use case

This section explains an example of header reception operation using the use case shown in 4.3.1.1 Use case
and 4.3.2.1 Use case.

4.3.4.2 Configuration

Table 16 CXPI header reception operation functions in SDL
Function Description Value
Cy_CXPI_GetPID() Gets the header protected identifier (PID) for | -
header reception operation
pstcCXPI Specifies the pointer to the CXPl instance pstcCXPI
register area
id Received frame ID -
parity Parity bit of the received frame ID -

4.3.4.3 Example code

Code Listing21  Example of header reception operation in driver part

void HeaderReceptionOperation(volatile stc CXPI CH t* pstcCXPI, stc CXPI context t* pCxpiCtx) {
bool respond = false;
bool retransmit = false;
/* PID received */
/* Check received PID and correspond if need */
uint8 t id, parity;

Cy CXPI GetPID(pstcCXPI, &id, &parity); 4_1(lﬂmadrmmwedhemﬁr@eeCodeLBﬁngzn ]
if (id == CXPI_PTYPE) { = (2) Received PTYPE? ]
pCxpiCtx->state = CXPI_STATE TXRX PENDING;
1f (pCxpiCtx->pNotifyReceivedPTYPE != NULL) { 4_1(3H@qu%tmesagﬂmnsmhgom ]
pCxpiCtx->pNotifyReceivedPTYPE () ;
} 1 (4) Request message transmission operation (See Code Listing 23) ]
} else {

// read received id

pCxpiCtx->receivedFrame.id = id;

/* Check if this node should respond to the received PID */

for (uint32 t tempIdx = 0; templdx < pCxpiCtx->numberOfAcceptedPID; tempIdx++) {

if (* (pCxpiCtx->pAcceptedPIDList + tempIldx) == id) { “](&RebvmﬁPm? ]
respond = true;
}
}
if (needRespond) {
/* Should receive or transmit response */ e,
pCxpiCtx->state = CXPI_STATE RX HDR RX RESP; (13-2) cxpi_state =
if (pCxpiCtx->pNotifyReceivedPID != NULL) { CXPI_STATE_RX_HDR_RX_RESP ]
pCxpiCtx->pNotifyReceivedPID (id) ;
}
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Code Listing21  Example of header reception operation in driver part

} else {
/* Ignore the received PID */
/* Clear CMD.RX RESPONSE to stop receiving response */

pstcCXPI->unCMD. stcField.ulRX_RESPONSE = 0; A;Ew)UENCMDRKRESP ]
/* Check if arbitration lost and retransmission is needed or not */
if ((pCxpiCtx->arbState == CXPI _ARB LOST TX RESP) || (pCxpiCtx->arbState ==

CXPI_ARB_LOST RX RESP)) {
pCxpiCtx->retriesCount++; (7) CMD.RX_RESParb_state ==

if (pCxpiCtx->retriesCount <= pCxpiCtx->maximumRetries) { CXPI_ARB_LOST_TX_RESP or
. _ CXPI_ARB_LOST_RX_RESP
retransmit = true;

} else {
pCxpiCtx->retriesCount = 0;

}
} __| (8) Retry to transmit message frame? ]

if (retransmit) {
/* Need to perform retransmission because of arbitration loss */
/* Move machine state back to CXPI_STATE TXRX_PENDING */
pCxpiCtx->state = CXPI_STATE TXRX PENDING;
pstcCXPI->unCTLO.stcField.u5IFS = 20ul;
if (pCxpiCtx->arbState == CXPI_ARB LOST TX RESP) ({

Cy CXPI SendPID(pstcCXPI, pCxpiCtx, pCxpiCtx->transmittingFrame.id, true, pCxpiCtx-
>pTransmittingFrameResponse, true);

} else if (pCxpiCtx->arbState == CXPI ARB LOST RX RESP) {
Cy CXPI SendPID(pstcCXPI, pCxpiCtx, pCxpiCtx->transmittingFrame.id, false, NULL,

true);

}

} else {

/* Enable message frame reception and move machine st
pCxpiCtx->state = CXPI_STATE TXRX PENDING;
Cy CXPI SetTriggerLevelRxFIFO (pstcCXPI, (CXPI RX FIFO SIZE / 2u)) (14-3) Mask INTR (Code Listing 8)
PStcCXPI->unCTLO.stcField.u5IFS = 20ul; g
Cy CXPI_SetInterruptMask (pstcCXPI, CXPI_INTR RX HEADER PID DONE |
CXPI_INTR TXRX COMPLETE | CXPI_ INTR RX RESPONSE DONE | CXPI INTR RX FIFO TRIGGER |
CXPI_INTR TIMEOUT | CXPI_INTR ALL ERROR MASK) ;
Cy CXPI SetCmd(pstcCXPI, CXPI CMD IFS WAIT|CXPI CMD RX HEADER RX RESPONSE) ;

(13-3) cxpi_state = CXPI_STATE_TXRX_PENDING ]
XPI STATE TXRX PENDING */

(15-3) Set CMD
(Code Listing 9)
if ((pCxpiCtx->arbState == CXPI_ARB LOST TX RESP) || (pCxpiCtx->arbState ==

CXPI_ARB_LOST RX RESP)) {

pCxpiCtx->arbState = CXPI_ARB_PENDING;

if (pCxpiCtx->pNotifyArbitrationLost != NULL) {

pCxpiCtx->pNotifyArbitrationLost () ;
}

Code Listing22 Example of getting the header PID in driver part

cy en cxpi status t Cy CXPI GetPID(volatile stc CXPI CH t* pstcCXPI, uint8 t* id, uint8 t* parity)
{

cy_en_cxpi status_t ret =
if (NULL == pstcCXPI) {

return CY CXPI BAD PARAM;

CY CXPI SUCCESS;

}
uint8 t temp = pstcCXPI->unRXPID FI.stcField.u8PID; A;ER%drmewedhawerND ]
*id = temp & O0x7F;
*parity = temp >> 7;
return ret;
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Code Listing23  Example of requesting message transmission operation for slave node in polling
method

void CxpiNotifyReceivedPTYPE (void) {
if (slave tx hdr tx resp) {
Cy _CXPI SendPID(CXPI CH INSTANCE, &cxpiCtx, eventFrameCtx[0].id,
true, &eventFrameCtx[0] .response, false);
slave_tx hdr_tx resp = false;
} else if (slave tx hdr rx resp) {
Cy CXPI SendPID(CXPI CH INSTANCE, &cxpiCtx, eventFrameCtx[1l].id, false, NULL, false);
slave_tx hdr_rx resp = false;

| Request message transmission operation (See Code Listing 11) ]

4.3.5 TXRX completion operation

Figure 11 shows an example flowchart for TXRX completion, indicating a finished message transfer
independently if the transfer had an error.

GXRX Completion Operati@
cxpi_state =
CXPI_STATE_RX_HDR_TX_RESP or
cxpi_state == No CXPI_STATE_RX_HDR_RX_RESP
(@) CXPI_STATE_TX_HDR_TX_RESP or
CXPI_STATE_TX_HDR_RX_RESP
Yes
(6) arb_state==
v CXPI_ARB_LOST_TX_RESP or
@ arb_state= CXPI_ARB_LOST_RX_RESP
CXPI_ARB_PENDING
©) cXpi_state =
CXPI_STATE_TXRX_
PENP”\'G Retry to transmit
+ Message frame?
No
(4 Mask INTR Register
¢ cXpi_state =
(5) Set CMD (8 CXPI_STATE_TXRX_
PENDING
! ]
( Wait for CXPI IRQ ) © Request Message Frame
Transmission Operation

Figure 11 TXRX completion flowchart

(1) If the current state is CXPI_STATE_TX_HDR_TX_RESP or CXPI_STATE_TX_HDR_RX_RESP, go to (2). Else, the
current state is CXPI_STATE_RX_HDR_TX_RESP or CXPI_STATE_RX_HDR_RX_RESP, go to (6).

(2) Reset arb_state to CXPI_ARB_PENDING.
(3) Reset cxpi_state to CXPI_STATE_TXRX_PENDING.
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(4) Mask the INTR register:
INTR_MASK.RX_HEADER_PID_DONE = ‘1’
INTR_MASK.RX_RESPONSE_DONE =1’
INTR_MASK.TXRX_COMPLETE =1’

(5) Set the CMD register:
Configure {C.IFS, C.TXH, C.RXH, C.TXR, C.RXR} ={0’, ‘0’, ‘1’, ‘0’, ‘1’} to enable header/frame reception.

(6) Check whether arbitration is lost by checking arb_state. If yes, go to (8); else, go to (2).

(7) Arbitration lost. Check whether message frame retransmission is required. If yes, go to (9) to request
message frame transmission. If not, go to (2).

(8) Set cxpi_state to CXPI_STATE_TXRX_PENDING.

(9) Request message frame transmission. See 4.3.2 Request message frame transmission for the software
flowchart.

4.3.5.1 Use case

This section explains an example of TXRX completion operation using the use case shown in 4.3.1.1 Use case
and 4.3.2.1 Use case.

4.3.5.2 Configuration

The functions of the driver part in SDL for TXRX completion operation are same as Table 10.

4.3.5.3 Example code

Code Listing24 Example of TXRX completion in driver part

void TXRXCompletionOperation(volatile stc CXPI CH t* pstcCXPI, stc CXPI context t* pCxpiCtx) {

bool retransmit = false;
/* Clear pending command */ (1) cxpi_state = CXPI_STATE_TX_HDR_TX_RESP
Cy_CXPI_SetCmd (pstcCXPI, Oul); or CXPI_STATE_TX_HDR_RX_RESP

AN

if ((pCxpiCtx->state == CXPIisTATEiTxiHDRiTxiRESP) |l (pCxpiCtx->state ==
CXPI STATE TX HDR RX RESP)) {
retransmit = false;
} else{
if ((pCxpiCtx->arbState == CXPI_ARB LOST TX RESP) || (pCxpiCtx->arbState ==

CXPI_ARB_LOST RX RESP)) {
pCxpiCtx->retriesCount++; (6) arb_state = CXPI_ARB_LOST_TX_RESP or
if (pCxpiCtx->retriesCount <= pCxpiCtx->maximumRetries) { CXPI_ARB_LOST_RX_RESP

retransmit = true;
} else { . \ (7) Retry to transmit message frame? ]
retransmit = false;

if (pCxpiCtx->pNotifyArbitrationLost != NULL) {
pCxpiCtx->pNotifyArbitrationLost () ;

}
}

} elsef{
retransmit = false;
}
}
if ((pCxpiCtx->state == CXPI STATE TX HDR RX RESP) || (pCxpiCtx->state ==
CXPI_STATE RX_ HDR _RX RESP)) {
if (pCxpiCtx->pNotifyReceivedResponse != NULL) {

pCxpiCtx->pNotifyReceivedResponse (&pCxpiCtx->receivedFrame) ;
}
}

, , (2) arb_state = CXPI_ARB_PENDING )
if (retransmit == false) {
pCxpiCtx->retriesCount = Oul;

pCxpiCtx->arbState = CXPI ARB PENDING;
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Code Listing24 Example of TXRX completion in driver part

pCxpiCtx->state = CXPI_STATE TXRX PENDING; — (3) cxpi_state = CXPI_STATE_TXRX_PENDING ]
Cy CXPI SetInterruptMask (pstcCXPI, CXPI INTR RX HEADER PID DONE | CXPI INTR TXRX COMPLETE |
CXPI_INTR RX RESPONSE DONE | CXPI_INTR TIMEOUT | CXPI_ INTR ALL ERROR MASK) ; ~
Cy CXPI_ SetCmd(pstcCXPI, CXPI_CMD RX HEADER RX RESPONSE) ; ~mm— [ (4) Mask INTR register (Code Listing 8) ]
} else{
pCxpiCtx->state = CXPI_STATE TXRX PENDING; (((5) set cMD (Code Listing 9) )

pstcCXPI->unCTLO.stcField.u5IFS = 10ul; <———::::=i -  OXPl STATE TXRX RENDING ]
if (pCxpiCtx->arbState == CXPI_ARB_LOST TX RESP) { (8) cxpi_state = CXPI_STATE_TXRX_

Cy CXPI SendPID(pstcCXPI, pCxpiCtx, pCxpiCtx->transmitfingFrame.id, true, pCxpiCtx-—
>pTransmittingFrameResponse, true); (9) Request message frame transmission operation (See
} else if (pCxpiCtx->arbState == CXPI ARB LOST RX RESP) { Code Listing 11)
Cy CXPI SendPID(pstcCXPI, pCxpiCtx, pCxpiCtx->transmittingFrame.id, false, NULL, true);

}

4.3.6 Error handler

Figure 12 shows an example of error handling implementation.

( Error Handler )

(@))] Clear CMD

v

@ arb_state =
CXPI_ARB_PENDING

v

€) cxpi_state =
CXPI_STATE_TXRX
PENDING

v

4 Mask INTR register

v

© Set CLTO.IFS
Set CMD

v

(6) User defined Error Handle
( Wait for CXPI IRQ )

Figure 12 Flowchart for error handling

(1) Clear the CMD register to stop requesting transmission/reception.

(2) Reset the arbitration state variable:
arb_state = CXPI_ARB_PENDING

(3) Reset the communication state variable:
cxpi_state = CXPI_STATE_TXRX_PENDING
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(4) Mask the INTR register by setting INTR_MASK:
INTR_MASK.RX_HEADER_PID_DONE = ‘1’
INTR_MASK.RX_RESPONSE_DONE =1’
INTR_MASK.TXRX_COMPLETE =1’

(5) Set CLTO.IFS, and then set then CMD register to enable header/response reception:
Configure {C.IFS, C.TXH, C.RXH, C.TXR, C.RXR} ={0’, ‘0’, ‘1’, ‘0’, ‘1’} to enable header/frame reception.

(6) Execute the error handler defined by user.

4.3.6.1 Use case

This section explains an example of error handling using the use case shown in 4.3.1.1 Use case and 4.3.2.1
Use case.

4.3.6.2 Configuration

The parameters of the driver partin SDL for error handling are the same as in Table 10.

4.3.6.3 Example code

Code Listing25 Example of error handling in driver part

cy en cxpi status t Cy CXPI Interrupt(volatile stc CXPI CH t* pstcCXPI, stc CXPI context t* pCxpiCtx)
{

if ((CXPI_INTR ALL ERROR MASK & maskedStatus) != Oul) {
/* There are some error */
/* Handle error if needed */ J(1)ClearCMD(CodeListingQ) ]
Cy_CXPI_ SetCmd(pstcCXPI, 0x0);
1 (2) arb_state = CXPI_ARB_PENDING )|
pCxpiCtx->retriesCount = Oul; -
pCxpiCtx->arbState = CXPI ARB PENDING; 1 (3) cxpi_state = CXPLSTATE_TXRX_PENDING J

. _> — - .
pCxpiCtx->state CXPI_STATE TXRX PENDING; (4) Mask INTR (Code Listing 8)]

Cy CXPI SetInterruptMask (pstcCXPI, CXPI INTR RX HEADER PID DONE | CXPI INTR TXRX COMPLETE |
CXPI INTR RX RESPONSE DONE | CXPI INTR TIMEOUT | CXPI INTR ALL ERROR MASK); [

pstcCXPI->unCTLO.stcField.u5IFS = 20ul;

(5) Set CLTO.IFS ]
Cy CXPI_SetCmd (pstcCXPI, CXPI_CMD RX HEADER RX RESPONSE | CXPI_CMD_IFS WAIT) ;

Set CMD (Code Listing 9)

=1 (6) Execute the error handler defined by user ]

}
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5 Glossary

Table 17 Glossary

Terms Description

AUTOSAR AUTomotive Open System ARchitecture

CRC Cyclic Redundancy Check field

CXPI Clock Extension Peripheral Interface

GPIO General Purpose Input/Output

Header Consists of PID field and PTYPE field transmitted by the master and the slave. PTYPE can
only be transmitted by the master in polling method. See the CXPl Message Frame Format
section in the CXPI chapter of the Architecture TRM for details.

IRQ Interrupt ReQuest

NRZ mode Non-Return-to-Zero mode. CXPI controller interfacing with external transceiver chip that has
PWM encoder/decoder logic

PERI clock PERipheral Interconnect clock

PID Protected Identifier field

PWM mode CXPI controller interfacing with external driver chip that level shifts the 3.3V or 5V signaling
to 12 V CXPI signaling without changing the encoding of the signal

PTYPE The 8-bit Protected Type field (PTYPE), only applicable in the Polling Method, corresponds to
a PID field with the identifier value 0x00 (0x80 included parity bit).

Response Consists of frame information, data fields and CRC field, transmitted by the master and the

slave. See the CXPI Message Frame Format section in the CXPI chapter of the Architecture
TRM for details.
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6 Related documents

The following are the Traveo Il family series datasheets and Technical Reference Manuals. Contact Technical
Support to obtain these documents.

o Device datasheet
- CYT2B9 Datasheet 32-Bit Arm® Cortex®-M4F Microcontroller Traveo™ Il Family
- CYT3DL Datasheet 32-Bit Arm® Cortex®-M7 Microcontroller Traveo™ Il Family
- CYT4DN Datasheet 32-Bit Arm® Cortex®-M7 Microcontroller Traveo™ Il Family
e Body controller entry family
- Traveo™ Il Automotive Body Controller Entry Family Architecture Technical Reference Manual (TRM)
- Traveo™ Il Automotive Body Controller Entry Registers Technical Reference Manual (TRM) for CYT2B9
e Cluster 2D family
- Traveo™ Il Automotive Cluster 2D Family Architecture Technical Reference Manual (TRM)
- Traveo™ Il Automotive Cluster 2D Registers Technical Reference Manual (TRM) for CYT3DL
- Traveo™ Il Automotive Cluster 2D Registers Technical Reference Manual (TRM) for CYTADN
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7 Other references

A sample driver library (SDL) including startup as sample software to access various peripherals is provided.
SDL also serves as a reference to customers for drivers that are not covered by official AUTOSAR products. The
SDL cannot be used for production purposes because it does not qualify to automotive standards. Code
snippets in this application note are part of the SDL. Contact Technical Support to obtain the SDL.
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Revision history

Document Date of release Description of changes

version

o 2019-07-10 New application note.

*A 2019-11-08 Added target parts number (CYT4D series)

*B 2020-06-25 Changed target parts number (CYT2/CYT3/CYT4 series)
*C 2021-05-25 Added code examples using SDL.

Updated to Infineon template.
Completing Sunset Review.
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