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Target Products p

» Target product list for this training material:

Family Category Series  Code Flash Memory Size

Traveo™ |l Automotive Body Controller Entry CYT2B6 Up to 576 KB

Traveo |l Automotive Body Controller Entry CYT2B7 Up to 1088 KB
Traveo Il Automotive Body Controller Entry CYT2B9 Up to 2112 KB
Traveo |l Automotive Body Controller Entry CYT2BL Up to 4160 KB
Traveo |l Automotive Body Controller High CYT3BB/4BB | Up to 4160 KB
Traveo |l Automotive Body Controller High CYT4BF Up to 8384 KB
Traveo Il Automotive Cluster CYT3DL Up to 4160 KB
Traveo Il Automotive Cluster CYT4DN Up to 6336 KB
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Introduction for Traveo |l Body Controller Entry

> LIN Is part of peripheral blocks.

Hint Bar

CYT2BL CPU Subsystem Review TRM chapter 26 for
MXS40-HT SWJ/ETM/ITM/CTI SWJ/MTB/CTI additional details
ASIL-B eCT Flash © N CRYPTO
SRAMO SRAML | [8 P|2 P|2 | | aes shacre, | | Arm Cortex ROM
Arm Cortex M4 4160 KB Code-flash + ouloule , . )
128 KB Wi 256 KB 256 KB = = H TRNG, RSA, MO+ 32 KB
160 MHz ork-flash B ECC
ERI RIS 100 MHz
System Resources 8 KB $ [ 8 KB $ o ole (%O —
v FPU, NVIC, MPU FLASH Controller SRAM Controller SRAM Controller Initiator/MMIO MUL, NVIC, MPU ROM Controller
Power
17 JC- JC 3 3¢ 3¢ 3% 3L 17 i 17 1°7
335 ESS | System Interconnect (Multi Layer AHB, IPC, MPU/SMPU) |
REF
PWRSYS-HT ii
LDO ® Peripheral Interconnect (MMIO, PPU)
e — | 1L _3IC 1z 1L 32 30 3C 3¢ 12 1L
2xILO WDT Prog.
IMO ECO
FLL 5Y Analog g R m
TxPLL SAR ADC T o S S 2 o I
(12-bit) P X8 Ol [0yl |2 X Sm|, .o
Reset — 91 — = @ = @ = S 0 © 5 S A
@) 3 0 50 2ol (2ol (2> Bc
2 T g X collcall|Z z sQllza
I 9 = T O >wW| [Z®@| |&E T o Ml [=m
—Test ) g 2 @ 3 3 8 O g <
TestMode Entry Y x3 = ® s
Digital DFT @] <
Analog DFT
SARMUX A A A A A A A
64 ch
7y
P Mod ii A Y Y Y Y Y Y
ower Vodes | High—Speed I/O Matrix, Smart 1/0, Boundary Scan |
Active/Sleep
LowePowerActive/Sleep v ‘ 5x Smart 1/0
DeepSleep [ Up to 148x GPIO_STD, 4x GPIO_ENH ]
Hibernate I/0 Subsystem
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Introduction for Traveo |l Body Controller High p

> LIN Is part of peripheral blocks. Hint Bar

TTCM DTCM CPU Subsystem
CYT4BF e pTCwW Review TRM chapter 26 for
MXS40-HT SWI/ETM/ITM/CTI T FLASH SWJ/MTB/CTI additional details
ASIL-B Cortex M7 6364 KB Cado fash | | SRAMO | | SRAML | | SRAM2 | |5 D|@ B|= =) | CRYPTO Cortex Mo+ ROM
o O|00|5 0 » ) ) ortex
350 MHz I + 256 KB Work flash 512 KB 256 KB 256 KB §- = § =z = TRNG,RSAECC 100 MHz 64 KB
System Resources FPU D§ 1§ és 2 3‘5 3 ,E 22
Power (sP/DP) | 16 KB | 16 KB EEECE SRAM SRAM SRAM e Of= © Inftator/ MMIO ROM Comtrol
Sioc Cortra AABP | Vi, MU AXI_| AHBS FLASH Controller Controller Controller Controller nitiator MUL, NVIC, MPU ontrotier
eep Lontro
FoR T 60 19030030 1L 3¢ 1030 3030 30 318 123t 3L i 1T 1°
OvP | LVD | System Interconnect (Multi Layer AXI/AHB, IPC, MPU/SMPU) |
REF
PWRSYS-HT ii il il ii
Lbo ) Peripheral Interconnect (MMIO,PPU) o
Clock 5
)
Glock Contral 1r 17T it 17 ¥ Jf 3 30 3F 317 1T s
2xILO | WDT Prog. 5 53
IMO ECO Analog 4 § ('Gi "
FLL | csv SAR ADG Swl [Er N S o ne| |T 5 od 5}
4xPLL (12-bit) AIRERS vellos 2ol 125 18m | ml |ER||EEX 8o
= oc| (85 2xRRE 6l 18] |05 o (2m| (a2 2||ex
Reset O = 3 cwl||c i~ =m| |% C 3 dl 9T =] |2
@ ol 13 2 ol 281122 2% 8@ a| |ZT||25F][5°
Reset Control (%} 50| |9 g Bw| |3 8 o % 2T |@ g m 2 o8 =
30 T 1 g gr>| (= ¥ g2
XRES 8 2nl (22 z z 8 Ol |8 <| |5 > 2o
Test o = ® I éﬂ
Test.N'Iode Entry a
Digital DFT SARMUX A A A A A A A A 3
Analog DFT 96 ch
A
WCO
RTC | High Speed 1/0 Matrix, Smart 1/0, Boundary Scan |
5x S t10
Power Modes A 4 i E | xomar
Active/Sleep | Up to 196x GPIO_STD, 4x GPIO_ENH, 40xHSIO |
LowPowerActive/Sleep
D?e"s'eep I/0 Subsystem
Hibernate
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Introduction for Traveo |l Cluster

> LIN Is part of peripheral blocks. Hint Bar

oW BT CPU Subsystem GFX Subevet Review TRM chapter 26 for
fvn 4o ubsystem .. .
CYTADN o | o additional details
M)A(Z‘I‘I?_;T SWJ/ETM/ITM/CTI SWJ/MTB/GTI
Cortex M7 e FLASH || SRamo || sRAM1 || SRAM2 | |3 |2 B|e = SRYPTO | e os ROM VRAM 5
- 000|120 SHA, ) ortex
320 MHz 2128 KB Workflaan | | 256KB || 256KB || 128KB | |2 222 2| | versaece e 64 KB 4096 KB i
FPU D§ [E = 3 2 @
Es RS AN RS %
System Resources (sp/DP) | 16 KB | 16 KB [ _8KBS SRAM SRAM SRAM — X
AHBP | VG WPUAX | AHBS FLASH Gontroller Controller Controller Controller Initiator/MMIO MUL, NVIC, MPU ROM Controller VRAM Gontroller
Power
e 10038038 iT 7T T T T T 1 1z il 1L 1T 1L 30 3T
bon 1 ooe | System Interconnect (Multi Layer AXI/AHB, IPC, MPU/SMPU) N GFX Interconnect (AXI)
- 10 1L 3¢ 1L 30 37 31T
PWRSYS-HT
LDO @ [PoLk | Peripheral Interconnect (MMIO,PPU) ® o
@ - X
= x o
sk 12 3L IHggggr It 1T W 32 1¢ 3¢ 1L 3¢ = 21| 3 .
L0 | WDT Prog. . ) 53 g = S
o |_Eco Analog z g8 ||s2 =S T
m = = m = =3 | 7] @®
8xPLL | LPECO SAR ADC > 2 2 ® o 8 8 N N 5 m S ellesy = o 3
(12-bit) c (R o AR ER zN vl o z X E} m S 5 8 ] S
Reset —_ s|x|glo|&[X%]| |2 5 o X T X a8l [m o 5 n mm| [23 ¥ <4 g
S S EEEIREE 20 collenl 22 2all &l |23 |82 5
A gix(o|n|al2] |2 2 25 22120 |3 2 aml | 2| |3 o3 T
Test o) %* s 3 g8~ = t%® |2 O s Z + ge y Y y'y
TestMode Entry 0 x1 < == z z @ g )<> » -
Digital DFT o 2 - © 22
Analog DFT O L%
]
SARMUX XA A A A A& X 7'y A K 7y X X e
48 ch
[ RC ] A 7'y
ii y N Y y v v y i y N
ower Modes Hi, eed | Matrix, Smart /0, Boundary Scan
Power Mod [ 2h Speed /O Smart /0 5 |
Active/SI.eep N ii ‘ 1x Smart IO
L°Wepz)we”;°lt"’e/8'eep [ 52x GPIO STD_ Bx GPIO ENH, 26x GPIO SMC_ 70x HSIO STD. 22x HSIO ENH, 4x HSIO ENG DIFF ]
ee ee|
Hib:rnat: 10 Subsystem
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Local Interconnect Network Overview &—/

> The LIN block supports the LIN and UART serial interface protocols

) Features (LIN) Review Chapter 26 in the
- ISO 17987 Standard TRM for additional details
— Master node functionality

— Autonomous header transmission

— Autonomous response transmission and reception
— Slave node functionality

— Autonomous header reception

— Autonomous response transmission and reception

— Baud rate detection
— Autonomous Error Handling

— PID error

— Checksum error

— Bit error (leads to transmission stop)
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Features L/

— Wakeup transmission and detection Review Chapter 26 in the
_ TimeOUt deteCtiOn TRM for additional details
— Data buffer (up to 8 bytes)
— Test modes

»  UART

— Programmable 5/6/7/8-bit data fields
— Programmable number of STOP bits: Y2, 1, 1%, or 2 bits
— Optional parity functionality with odd and even parity
> LIN/JUART
— Oversampling
— Noise filter
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Infineon

LIN Block Diagram

> LIN Unit components

>

- LIN Channel LIN Unit Review Chapter 26 in the
_ |_|N mode CLK_PERI —p| TRM for additional details
— Master Operatlon AHB Slave IF From/To
IOSS/HSIOM
— Slave operation From PERI/PCLK Test Registers
- Wakeup
TimeOUt LIN Channel
— UART mode » LIN[]]_EN
— Test mode LIN 1/O
. Channel Signal .

- Oversampllng interrupts|i] <— Registers Router > LINGLTX
— Noise filter

< LIN[i]_RX
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Master and Slave Operation Commands k/

> These commands are set in the CMD register

Review TRM section 26.9.1
Command Description Node for additional details.
TX _HEADER Transmit a header Master
RX_HEADER Receive a header Slave
TX _RESPONSE Transmit a response Master, Slave
RX_RESPONSE Receive a response Master, Slave
TX _WAKEUP Transmit a wakeup signal Master, Slave

»  Advantage
— Reduces CPU load
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LIN Mode (Master Operation)

»y Header transmission

— Operated by command Review TRM section
— i 26.9.1.1 for additional
Only In master mOde details about commands
< LIN Frame > Review Register TRM for
TX Header TX Header Done additional details about
Command Header Frame t Interrupt the PID field buffer
\ ) Break Delimiter ResEJonse Space
«—> «—>
<+— Break —» <« Sync —&»<«—PID— <+—Data 1—»<«Data 2— <+Data N

Checksum

Break Field i Sync field Auto | :PID field
Setting (13 bits) : : transmission i Auto transmission and
- separate buffer used

Field Description Data Length Buffer Available Autonomous Field
Break LIN start frame 13-31 bits No Yes
Sync Baud rate synchronization 10 bits No Yes
PID Frame identifier and parity bit 8 bits Yes Yes
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LIN Mode (Master Operation)

> Response transmission

— Operated by command Review TRM chapter 26 for

additional details

< LIN Frame >
T-E(XRZ(Z;%?S; : Review Register TRM for
Commands ~ : : - Data and Checksum
\ Break Delimiter Response Space I
<+ > 4
<+— Break — <« Sync »><«—PID—» <«—Data 1—»><«—Data 2— <+«Data N>« >
< »: Checksum

= =

%Data Field Length Setting (up to 8 bytes) Check field Aut
:and Buffer in Use (up to 8 bytes Bulffer) : ecrsum Neld Adto

transmission

Field Description Data Length Buffer Available Autonomous Field
Data Transmission/Reception data 1-8 Bytes Yes Yes
Checksum for Data field or PID .
Clnse el and Data field (Selectable) LoDl Yes Yes
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LIN Mode (Master Operation)

— Operated by command Review TRM chapter 26 for

additional details

Review Register TRM for

TX Header +* LIN Frame > additional details about
RX Responseé I : the Data and Checksum
Commands  Response Frame | field buffers
\ Break Delimiter Respbnse Space
i <+ —>
<+<— Break —> <« Sync »><+—PID— <«Data 1»><Data 2— <«Data N—»m
. Data Field Reception Checksum Fleld """"

 Reception + Auto
 verification
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LIN Mode (Slave Operation)

» Response transmission

— Operated by command Review TRM chapter 26 for

additional details

RX RESPONSE is enabled
before LIN frame, to avoid

RX Header +¢ LIN Frame > Response data loss due to
Rx Response RX Header Done TX Response ..................................................... -lD-x Relseonset d?éacyeeSdSil:leader receptlon
Commands interrupt ~, Command _Response Frame one merrupt— P ¥
\ Break Delimiter
: <+
<— Break —» < Sync »<«—PID —» <«—Data 1—+»<Data 2— <«Data N—»m
. Data Field Setting  Checksum Eield

. Auto generation

.......................................................
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LIN Mode (Slave Operation)

» Header and Response reception

Header reception is only in slave mode

Header and Response reception are operated by command

RX Header +< LIN Frame >
RX Response S —— RX Header Done S —— ; RX Response
Commands. . Header Frame Interrupt Response Frame Done Inter;rupt

N\ o
UL

<+— Break — <« Sync »><«—PID— §<—Data l—-+»<«Data2—>

<+Data N->e——»
.. Checksum :

 BreakField  SyncField = PID Field .
Detection (11 bits) : | Reception Reception

.............................................................................

1 Data length and checksum type must be set before receiving the latest Stop bit of Datal in the Response as slave.
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Checksum Field
: Reception + Auto
 verification
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Review TRM chapter 26 for
additional details




Wakeup

> When a LIN node is in sleep state, a wakeup signal can initiate a transfer to an
operational state

> Both wakeup signal generation and detection are supported in hardware
— Wakeup signal transmission
- Wakeup signal length is set in the register?!
— Wakeup signal reception

- Minimum low pulse length must be configured for detection?
— Wakeup is detected by the rising edge

1Wakeup signal setting length range: 1-31 bit periods
2 Wakeup pulse length: 250 ps—5 ms
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Review TRM section 26.6
and Register TRM for
additional details
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Baud Rate Detection p

> The sync field synchronizes slave clocks to the master clock in a slave

operation Review TRM chapter 26
> Baud rate is adjusted by software and a detected correction factor and Register TRM for

] ) additional details
— Synchronization procedure

- @ HW measures the sync field (8-bit duration from the START bit in the figure)
and sets it to SYNC_COUNTER

- @ SW calculates PERI clock divider value using the SYNC_COUNTER value
- @ SW sets PERI clock divider value to PERI clock divider register

I

—|;U)>—|(D‘\\
'UO—|U)‘ /’

<«—— Duration of Synchronization ——»
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Timeout Detection

> Timeout detections are of three types
— Frame mode
— Frame header mode
— Frame response mode
> Timeout length must be configured in bit periods?

Timeout Detection Ranges

..........................................

Frame Header Mode Frame Response Mode

< Header > Response :

Break Delimiter Respbnse Space

: <+ >

«— Break —> <+ Sync -»<«—PID — <«Data 1—><Data 2— <«Data N :
Checksum

> Advantage
— Can set timeout value and initiate interrupt

1 Timeout length range: Frame mode: 54—75 bit periods; Frame header mode: 34-47 bit periods; Frame response mode: 20-28 bit periods.
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Review TRM section 26.5
and Register TRM for
additional details
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Hint Bar

Interrupt Events in LIN Master Mode

Event Type Event Detection Condition

Review TRM section 26.11

TX Header Transmission Done Header transmission succeeded for additional details
X Response Transmission Done Response transmission succeeded . _
: ) Bit error detection leads to

RX Response Reception Done Response reception succeeded automatic transmission
Error Timeout A frame, header, or response does not finish within a specified time stop
TX Error Transmitter Response Bit Error During the response transmission, the received bus value does not

match the transmitted value
RX Error Receiver Response Frame Error An mvglld start bit or stop bit occurs during response reception

(data field, checksum)
RX Error Receiver Response Checksum Error The calculated checksum over the data bytes, and optionally the PID

field, does not match the received checksum
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Interrupt Events in LIN Slave Mode

Event Type Event Detection Condition

TX Response Transmission Done Response transmission succeeded

RX Header Reception Done Header reception succeeded

RX Response Reception Done Response reception succeeded

RX Synchronization Field Reception Done | Synchronization field successfully received

Error Timeout A frame, header, or response does not finish within a specified time

. An invalid start bit occurs during PID field

SISl e An invalid stop bit occurs during SYNC or PID field

RX Error Receiver Synchronization Error An mva!ld data field pattern is detected during the reception of the
SYNC field

RX Error Receiver PID Parity Error The received PID field has a parity error

RX Error Receiver Response Erame Error An mvglld stop bit occurs during response reception
(data field, checksum)

RX Error Receiver Response Checksum Error 'I_'he calculated checksum over the data bytes, and optionally the PID
field, does not match the received checksum
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Hint Bar

Review TRM section 26.11
for additional details

Bit error detection leads to
automatic transmission
stop
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LIN Channel Block Diagram p

> LIN Unit components {)}
I

— LIN channel 5 Review TRM chapter 26 for
LIN Unit iti i
— UART mode CLK_PERI —p {} additional details
AHB Slave IF From/To
IOSS/HSIOM
From PERI/PCLK Test Registers
LIN Channel
» LIN[i]_EN
LIN /O
Channel Signal .
- » LIN[I]_TX
< LIN[i]_RX
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UART Mode (1/2)

> Operation
— The UART frame is transmitted in
— START bit (single bit)
— Data field (programmable 5/6/7/8-bit data fields, single data buffer)
— Parity bit (optional functionality with odd and even parity)
— STOP bits (programmable Y2, 1, 1'%, or 2 bits)

UART Frame

--a-
__Y

START ' STOP
Bit Data Data Parity Bit

1
i [
VI‘ L]

5/6/7/8-bit Data Fields 0 or 1 bit %, 1, 1%, or 2 bits

o Gl
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Review TRM chapter 26 for
additional details
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UART Mode (2/2)

Interrupt Events in UART Mode Hint Bar

Review TRM section 26.11

Event Type Event Detection Condition for additional details
TX Transmission Done Transmission succeeded
RX Reception Done Reception succeeded
Error Transmitter Bit Error ;I'rgﬁslnmcig;r:cl)rr\]g bus level does not match the transmitted value during
Error Receiver Frame Error An invalid start bit or stop bit occurs during reception
Error Receiver Parity Error The received field has a parity error
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LIN Registers Block Diagram &-/

> LIN Unit components
— Test registers

Review TRM chapter 26 for
— Test mode additional details.
— Partial Disconnect mode
— Full Disconnect mode 2
LIN Unit ng
CLK_PERI —
AHB Slave IF From/To
|IOSS/HSIOM
From PERI/PCLK
X,
»  LIN Channel —!\X”/p
> » LIN[i]_EN
LIN I/O
< P S
_ _ Chgnnel Signal > LIN[]_TX
interrupts|i] < Registers Router
< < LIN[i]|_RX
[
[
[
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Test Modes (1/2)

(infineon

»  Partial Disconnect mode

— Loopback mode via the IOSS port pin structure
— Connection between LIN ch.[i] and LIN ch.[max]

LIN Channel [i]

LIN Channel [max]

MCU

tx_out]i] . Pin
< S —
rx_in[i]

tx_out

[max] __Pin

——
rx_in
[max]

> Advantage

LIN[i]_TX

LIN[max]_TX

— The LIN frame can be monitored on the TX port pins

Review TRM section 26.8.2
for additional details

TVII-B-E-1M is available in
the following LIN
channels:

LIN ch.[i] =0-6

LIN ch.[max] =7

002-22212 *C, 2020-12-16

Copyright © Infineon Technologies AG 2020. All rights reserved.




(infineon

Test Modes (2/2)

> Full Disconnect mode
— Full Loopback mode between LIN ch.[i] and LIN ch.[max]

Review TRM section 26.8.2

— There is no connection to port pins for additional details
MCU TVII-B-E-1M is available in
the following LIN
S L”}ll'lx’/ot channels:
\gna Rovter LIN ch.[i] = 0-6
tx_out[i] __Pin LIN ch.[max] =7
4 LIN[i]_TX
< ® <+
rx_in[i]
LIN Channel [max] [
[max] Pin
LIN[max]_TX
‘rx_in
[max]

> Advantage
— Full LIN operation possible without external LIN bus
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Oversampling

)
)

One LIN bit length corresponds to 16 PCLK _LINx_ CLOCK_CH_ENy! cycles
A bit value is sampled when the oversample counter changes from 7’ to ‘8’

PCLK_LINX_CLOCK_CH_ENy

< LIN Bit Period »<LIN Bit Period—
]

rx_synced START Bit Bit 0 $

1
1
1 1
*xxxx)sxxx-N-l-N-z-N- Kl aalis o i o o 6""7'*‘8""9'“10"4' 11P<€ 12P<¢ 13P<¢ 4 P¢ 5PEC)PE | DPE2 D>
Oversample i i
Counter

Falling Sample Moment
Edge

1PCLK_LINXx_CLOCK_CH_ENYy is used for each LIN channel clock. This clock is derived from the peripheral interconnect (PERI) clock.
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Review TRM section 26.3.1
and Register TRM for
additional details




Noise Filter

> The noise filter suppresses glitches on the RX input (rx_in) signal

PCLK_LINX_CLOCK_CH_ENy

LIN_CH_CTLOL.FILTER_EN

\ 4
Noise Filter

rx_filtered l ‘1’ noise_filter_out
O«

(0’

rx_synced
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Review TRM section 26.10
and Register TRM for
additional details
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