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Target Products

» Target product list for this training material

Family Category Series Code Flash Memory Size
Traveo™ [l Automotive Body Controller High CYT3BB/CYT4BB Up to 4160KB
Traveo Il Automotive Body Controller High CYT4BF Up to 8384KB
Traveo Il Automotive Cluster CYT3DL Up to 4160KB
Traveo Il Automotive Cluster CYTADN Up to 6336KB
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Introduction to Traveo Il Body Controller High

Hint Bar

>  The SRAM interface is in the CPU subsystem

CPU Subsystem Review TRM chapter 10 for
CYT4BF additional details
MXS40-HT SWJETM/ITM/CTI CRYPTO SWIMTB/CTI
ASIL-B Arm Cortex-M7 ARSI sravo fisramt | srAM2 [kl el FEL N PRQAE Arm ROM Training section reference:
— 350 MHz PG PR [ 122|985 9 [ tree Rsa | | cortex-MO+ 64 KB
VT — +256 KB Work flash S o ortex SRAM Interface for
FPU D3 5 3 H 3
Y Power ooe) | 16xe | sske | EELEES SRAM SRAM SRAM S e — S 100 MHz pvP— Traveo |l Body Entry
Sieep Control AABP] e vru A | AHBS FLASH Controller Controller Controller Controller MUL, NVIC, MPU ontroller
e I 0N M e g i 1T T 1T 1T CYTABE series has two
ovP | LVD | System Interconnect (Multi Layer AXI/AHB, IPC, MPU/SMPU) | . L
REF 7T 7T options of RAM size:
PWRSYS-HT ;2 Q 768KB and 1024KB
Lbo PCLK Peripheral Interconnect (MMIO,PPU) | ©
Clock S
Clock Control @ ii Q ; E ; E ; E ; E ; E ; E ; E ; E U%
2xILO | WDT Prog. 5 53
IMO | ECO Analog o g g2 "
FLL | csv SAR Soll|ER 8 8 onl|nel [T Sl logell|g
4xPLL || Anc 2212 ¢ el |3x| |28 %9 %E Sg m rgnr>-|<-| 884, g%
Reset ol | @ 25| (7 3 SXllcellsal 28130180l | ¢ |52|(¢25||ed
» 5082 23| Eo| 12|25 2|2 T | ® [27||eE7|]5
W - - g 2 o + 2g
o N s [z [1F9] (B =5 z | [gf
Test @] < @ gg.
TestMode Entry s
Digital DFT SARMUX Y S X X X X X — i %
Analog DFT 96 ch
— — A —
WCO Y A 4 A 4 A 4 A 4 A A l l l
RTC l High-Speed 1/0 Matrix, Smart I/0, Boundary Scan l
Power Modes A iI [ 5x Smart I/O
Active/Sleep l Up to 196x GPIO_STD, 4x GPIO_ENH, 40xHSIO l
LowPowerActive/Sleep
DeepSleep 1/0 Subsystem
Hibernate
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Introduction for Traveo |l Cluster

Hint Bar

>  The SRAM interface is in the CPU subsystem

CPU Subsystem GFX Subsystem Review TRM chapter 10 for
CYT4DN e .
additional details
el CRYPTO | T
Arm Cortex-M7 saaeoy Hash | ISINVON ISINVEN ISP (3 2|2 B[22 | | acs, s cre. Arm ROM VRAM 5 Traini . ; )
320 MHz O e Foon | I [l [REEIGH (22(22(2 9 | e rsa | | cortex-Mo+ 64 KB 4096 KB g raining section reference:
ER R RS g 100 MHz 2 SRAM Interface for
System Resources 8KB$ S S SREM i I I Initiator/MMIO ROM Controll VRAM Controll X
FLASH Controller controller fI' Controller i Controller nitiator MUL, NVIC. MPU ontroller ontroller Traveo |l Body Entry
Power
Sleep Control I i E ii ii ii ii ii
’;SS ] BL\?B System Interconnect (Multi Layer AXI/AHB, IPC, MPU/SMPU) — )| GFXInterconnect (AXI) |
REF
PWRSYS-HT ii ;; ii ii ii
LDO Peripheral Interconnect (MMIO, PPU) | @ N W
Clock 2 >< 3
1000one &l &
2xILO | WDT . 5 53 o = o
MO | ECO = 5 o< = s m
FLL Csv o m s s m S 25 ) ) a
8xPLL | LPECO > 15 28 o o o (U s Se||esy = o S
zln o NEER x| | opl|lor| |2 X Sm m Sx||sEx 3 < @
Reset 3l | azbiy s(Z1L o)X 12 2 2X1 2R (2] |25 |8 0 o3| o |2m| 222 S|l €
2 A EIE EIRERs! zo| |52l leg| |sal 22 gall S| 53|82 g
A S HEEEEEE 2351 122] 28] |28 |3 3 2l 2 [FT|[oET
Test o ol= = H 8= - 2@ |z o g Z + ge
=Z c c 2 4 g
bl < > H H ® <} z o
o 2 e |28
o e
y w
SARMUX 2
48ch
y Y
Power Modes [ High-Speed 1/O Matrix, Smart /O, Boundary Scan ]
Active/Sleep ii ‘ 1x Smart /O
: [ 52x GPIO_STD. 8x GPIO_ENH, 26x GPIO_SMC_ 70x HSIO_STD, 22x HSIO_ENH, 4x HSIO ENG DIFF. ]
Hibernate 1/0O Subsystem
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SRAM Interface Overview &—/

> SRAM controller for SRAM memory interface

Revi TRM chapter 10 f
>  Features additional detaile
— One AXI bus interface in the fast clock domain Review the Clock System
. . . . Traini ti f
— One AHB-Lite bus interface in the slow clock domain additional details about

high-frequency clocks

— Programmable wait states from 0 to 3

— Wait states for slow clock domain
- In 0 wait cycle, up to 100 MHz of CLK_MEM!?
- In 1 wait cycle, from 100 MHz to 200 MHz of CLK_MEM

— Wait states for fast clock domain
- In 0 wait cycle, up to 200 MHz of CLK_MEM

— 64-bit wide interface to SRAM memory
— Error-correcting code (ECC)
— Optional retention of SRAM contents in DeepSleep mode

1 Divided version of high-frequency root clock (CLK_HFO0)
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TCM Interface Overview

> Used by the Arm® Cortex®-M7 core to enable low-latency access
to the external memories

y Features

— Programmable 0 wait states
— Wait states for fast clock domain
- In 0 wait cycle, up to 350 MHz of CLK_FAST!
— TCM interfaces at CM7 core
— ITCM? (64-bit data)
— DTCM? (32-bit data)
— Error-correcting code (ECC)

1 Divided version of high-frequency root clock (CLK_HF1)
2nstruction TCM
3Data TCM

002-25202 *B  2020-12-09 Copyright © Infineon Technologies AG 2020. All rights reserved.

(infineon

Tight Coupled Memory
(TCM)

CM7: Cortex-M7

Review the Clock System
Training section for
additional details about
high-frequency clocks
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SRAM Controller Block Diagram &—/

y  The SRAM controller consists of:
— AHB-Lite interface 4 4 64 Review TRM section 10.2

izat ' SRAM Controller| | for additional details
— ynchromz tion AHB-Lite AXl interface
I interface |
- AXl interface | | ‘
| Synchronization |

— Port arbitration
— Error-correcting code (ECC)
- SRAM memory

—  Write buffer v [

¢ Y
\ Port arbitration /

A

CLK_MEM , CLK_SLOW

i < reFirL::tn < ECC » Write buffer
— Fault reporting porting ©
This path
includes ECC
|_party injection | ’
SRAM

002-25202 *B  2020-12-09 Copyright © Infineon Technologies AG 2020. All rights reserved.



Tnfineon
AHB-Lite Interface and AXI Interface L/

» The AHB-Lite interface and AXI interface includes:

Review TRM section 10.1
— 32 : 64 _ -
SRAM access s 4 3 b for additional details
0 : | SRAM Controller
1 1 H H | AHB-Lite 3 AXI interf
— Arbitration priority ? terface § interface
X 1
O — |
Bl Synchronization =
>
i
E|
X Port arbitration
O
- path
<1 regggtliag < ECC »| Write buffer
4

This path

includes ECC

parity injection J'

SRAM
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SRAM Access &—/

»  SRAM has a 64-bit wide bus. The write access differs depending on the

data size and ECC state Review TRM section 10.2.3
for additional details
»y Data read from SRAM Review the Error
— AHB-Lite and AXI read transfer Correcting Code (ECC)

section for additional

~  Translated into an SRAM read access and can be done by a single read access to SRAM | details about ECC

Review the Write Buffer

» Data write to SRAM without ECC (Dlsabled) section for additional
details about the write
— AHB-Lite and AXI write transfer buffer

- Translated into an SRAM write access and can be done by a single write access to SRAM

> Data write to SRAM with ECC (Enabled)
- 64-bit AXI write transfers

- Translated into an SRAM write access and can be done by a single write access to SRAM
— 8-bit, 16-bit, 32-bit AXI, and AHB-Lite write transfer
- Translated into an SRAM read access and an SRAM write access

- Requires two accesses to SRAM
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Arbitration Priority

> The arbiter component performs priority-

based arbitration on the AHB-Lite interface
and AXI interface ports Identifier (CYT4BF) (CYT4DN)

) ) .. ) 0 Arm® Cortex®-MO+ Arm Cortex-MO+
> Arbitration priority is set according to the . ot ot
. rypto r
PROT_SMPU_MSO0_CTL.PRIO register of P yPro
N . 2 P-DMA -
SMPU (0 is highest, 3 is lowest) 0 P-DMAD
M H H o d-robi 3 P-DMA1 P-DMA1
) _ast(_ers | ave the same prlorl_ty, round-robin . VDA LDMA
arbitration is performed according to the bus - SDHE
master identifier (starting from 15 to a lower
identifier number) 9 Ethernet O Ethernet 0
! 10 Ethernet 1 -
12 - Video subsystem
13 Cortex-M7_1 Cortex-M7_1
14 Cortex-M7_0 Cortex-M7_0
15 Test controller Test controller
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Error-Correcting Code (ECC)

- A .
»y ECC includes: : 32 /‘5 64

=
o : 1 SRAM Controller . .
AHB-Lit | . Review TRM section 10.3
— SEC/DED? zl interfatl::: AXl interface for additional details
. - [ 7'y
- Fault reportlng © Synchronization |-
o 5 X

— Error injection = v y

é \ Port arbitration /

P Partial writes
path

Write buffer

Fault
<_
This path

includes ECC
parity injection {V

SRAM

1 Single-error correction/double-error detection

002-25202 *B  2020-12-09 Copyright © Infineon Technologies AG 2020. All rights reserved.



ECC

ECC supports SEC/DED, which:

— Detects and corrects single-bit error and detects double-bit errors
— Reports error to the fault reporting structure

— Includes 8-bit ECC per 64 bits of data

Fault reporting

— Correctable and non-correctable ECC errors are reported to the fault structure in
the same way

- Use case
—  SEC report: Logging single-bit error count via the trigger that connects to TCPWM
— DED report: Use for fail-safe operation, such as stop system control

Error injection

— Providing an error injection address and injection parity! can generate an ECC
error

— Use case
— Use as initial diagnosis of ECC before running the application

1 Any access size can be used to inject parity
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Review TRM section 10.3
for additional details
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Write Buffer
. Hint Bar
> Write buffer request 2 4 64 _

% ' § A SRAM Controller Review TRM section 10.2.4
| AHB-Lite . L .
%) i AXI interface for additional details
| interface
= | |
3) — § 4
| Synchronization | ——————
=
w
2, ¢ y
X \ Port arbitration /
o A
path
A
4 Fault |
- reporting ECC
A
This path
includes ECC
parity injection {'
SRAM
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Write Buffer &_/
»  The SRAM controller write buffer is used only when ECC is enabled

» Sequence of data merging involving write buffer Review TRM section 10.2.4

for additional details
- Requested read data is merged with partial write data to provide a complete
64-bit data word

— Address and merged write data are written to the write buffer

— A future write buffer request results in an SRAM write access with the merged
write data

»  For 8-bit, 16-bit, and 32-bit data size write transfers, an additional SRAM
read access precedes the SRAM write access to retrieve the “missing”
data bytes

> The write buffer is not retained in DeepSleep mode and should be emptied
before entering the mode

> The state of the write buffer is shown by WB_EMPTY
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Write 64 Bits

> Only a single SRAM write access is required

A A
4 32 | h 64
‘ Y
% i SRAM Controller
= AHB-Lite i
» i AXl intgrface
I interface |
3 | 1 .
© — |
Synchronization [------
=
L A
= ) 4 r
X \ Port arbj /
© A
T Partial writes
vV
< Fault [, R _
“ 11 reporting [~ ECC » Write buffer
A
This path
includes ECC
parity injection v
SRAM
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Write 8/16/32 Bits, Partial Write with ECC (1/3)

(1) Data from AXI interface (or AHB-Lite

(infineon

SRAM Controller

__.----7 Partial writes
path

. . . A
interface) is stored to the write buffer . 4 32 %64
o .
? AHB-Lite AXI intlarface
><| interface
— | A
o . 1
| Synchronization |-----
i
= y
<1\ /
y @
< Fault < ECC m »|  Write buffer
reporting
A
This path
includes ECC
parity injection v
SRAM
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Write 8/16/32 Bits, Partial Write with ECC (2/3)

(2) Missing data are read from SRAM and
stored to the write buffer to complete the

64-bit word
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SRAM Controller

__..---"7 Partial writes
path

A A
4 32 4 64
3
) AHB-Lite AXI interface
| interface
5 |
3 — | 1
‘ Synchronization ’ ——————
=
w
El ¢ Y
X \ Port arbitration /
o A
A\ A 4
P Fault |, .
< reporting | € ECC P—»| Write buffer
Al
Thi th
inclutlisegaECC @
parity injection v
SRAM
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Write 8/16/32 Bits, Partial Write with ECC (3/3)

(3) Complete 64-bit word with ECC is written

to the SRAM
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SRAM Controller

___----1 Partial writes
path

A A
4 32 4 64
=
9 AHB-Lite
0 . 1 AXl interface
< interface 3
- | 3 A
O — |
‘ Synchronization ’ ffffff
=
w
= ¢ y
X \ Port arbitration /
o A
v v
< Fau!t < ECQG »{  Write buffer
reporting
h h
This pat
includegaECC @
parity injection y
v
SRAM
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Read With ECC with 1-bit Correctable Error (1/3)

(1) 1-bit error is detected in AHB-Lite

. A A
(or AXl interface) bus read data . e 4 o
9 kL SRAM Controller
| AHB-Lite _
n intdr AXl interface
xl interface
0 ' | 7y
| Synchpnization i
z
: 3 |
X \ ort arbitration /
O
y path
< regzrl::tng < HCC »| Write buffer
This path ‘A_
i
inclu(lisegi?zcc @
parity injection
i
SRAM

002-25202 *B  2020-12-09

(infineon

Copyright © Infineon Technologies AG 2020. All rights reserved.



Read With ECC with 1-bit Correctable Error (2/3)

() The error is notified to fault reporting
and the corrected data is sent to the

AHB-Lite master requester
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A A
132 A | J} 64
y | \
% AHBLLit ‘ SRAM Controller
7 AHB-LITE | AXl interface
o interface 3
8 | @ ‘
—-| Synchronization |f-—
=
= {
Y
[ \
X \ Port arbitrdtion /
o A
path
vivy
< Fault | ¢ ECC » Write buffer
4 renorting
y
Thit th  [TT\L)
o 1@
parity injection y
SRAM
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Read With ECC with 1-bit Correctable Error (3/3)

¢ Y
\ Port arbitration /

A

A A
4 32 | 4} 64
X i
% ) SRAM Controller
| AHB-Lite .
n . AXl interface
| interface i
5 [ 3 A
O — 1
| Synchronization i ffffff
=
w
=
N
-
(@]

(3 If ECC_AUTO_CORRECT is enabled,
the corrected data is written to the e

S RAM < regsrl::tng < ECC » Write buffer
A
This path @
includes ECC
parity injection v If Auto_Correct Enabled
v
SRAM
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Read With ECC with Non-Correctable Error (1/2)

(1) Non-correctable error is detected in
AHB-Lite (or AXI interface) bus read data gt 32
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SRAM Controller

--1 Partial writes
path

A A
A 64
S
7 AHE-Lite AXl interface
><| integfface
= I A
o - :
| Synchrpnization | ——————
>
w
EI ¢ \ 4
x \ \%rbitration /
O
< Fau!t < HCC »  Write buffer
reporting
A
Thit th
inclu:‘,lsezaECC TCD
parity injection wi
v |
SRAM
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Read With ECC with Non-Correctable Error (2/2)

b 3 2
. . ] % AHB-I‘_ite : SRAM Controller
() The error is notified to fault reporting 3| notace | Axiinterface
. = | § A
— Fault reporting captures the non-correctable : | synchronization |-
error L ¥ v
. . . fl \ Port arbitration /
— Single-bit error detected in the word address  © X
— Double-bit error detected in the data access U
— No bus error is generated while a fault is <& radt e ECC > Write buffer
generated Thispath [T~ @ ””” 1
oy e !
SRAM
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SRAM retention in DeepSleep

» In DeepSleep mode, SRAMO can be fully retained or retained in
increments of 32-KB sectors SRAM units, other than

SRAMO, can be fully
retained

Review TRM section 10.1

» Advantage
— By setting the size of backup RAM according to the system, it is SRAM rostan that s ot

guaranteed to be retained

possible to optimize the current consumption during DeepSleep mode | 375 aeets
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TCM Interface (1/2)

» Used by the CM7 core to enable low-latency access to the
external memories

> Functionality
— No read and write wait states
— Can fetch instructions from any TCM interface
— ECC with SECDED and fault reporting
- ITCM with 64-bit data needs 8 ECC bits, which require 72-bit wide SRAMs
— DTCMs with 32-bit data need 7 ECC bits, which require 39-bit wide SRAMs
— Supports read-modify-write for smaller! byte write
> Advantage

— Can achieve high-performance operation by placing code in TCM
RAM

18, 16, 32-bitin ITCM
8, 16-bit in DO/ITCM
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Review the Error
Correcting Code (ECQC)

section for additional
details about ECC
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TCM Interface (2/2)

> A CMY core can access its own TCMs and other CM7’s TCMs
via the following specific address No other device should be

mapped between the ITCM

and DTCM of a particular
0x0000:0000 CM7_0_ITCM/CM7_1_ITCM CM7_0 can only access to CM7_0_I/DTCM

CM7
through this space

0xA000:0000 | CM7_0_ITCM CM7_0 can access to CM7_1 I/DTCM through
0xA001:0000 | CM7_0_DTCM this space

== CM7_1 can access to CM7_0_I/DTCM
0xA010:0000 ' CM7_1_ITCM The CM7 cannot access their own TCM using

this space; it will result in an address decode

0xA011:0000 | CM7_1_DTCM failure and will be returned as a bus error
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Appendix




Comparison between CYT2BL, CYT4BF, and CYT4DN

(infineon

CYT2BL CYT4BF CYT4DN
Memory size option 512KB 1024KB 640KB
Interface width to SRAM 32-bit
memory
Bus interface AHB-Lite AXI, AHB-Lite

SRAM

002-25202 *B

Wait states

Slow clock domain:

0 wait cycle for CLK_HF <= 100 MHz
1 wait cycle for 100 MHz < CLK_HF <=
160 MHz
Fast clock domain:

0 wait cycle for CLK_HF <= 160 MHz

Slow clock domain:
0 wait cycle for CLK_MEM <= 100 MHz
1 wait cycle for 100 MHz < CLK_MEM <= 200 MHz
Fast clock domain:
0 wait cycle for CLK_MEM <= 200 MHz

Bus master priority of arbiter

0: Cortex-M0O+ CPU
1: Cryptography Component
2: P-DMAO
3: P-DMA1
4: M-DMA
14: Cortex-M4 CPU
15: Test Controller

0: Cortex-M0+ CPU

1: Cryptography Component

2: P-DMAO
3: P-DMA1
4: M-DMA
5: SDHC
9: Ethernet O
10: Ethernet 1
13: Cortex-M7_1 CPU
14: Cortex-M7_0 CPU
15: Test Controller

0: Cortex-M0+ CPU

1: Cryptography Component

2: P-DMAO
3: P-DMA1
4: M-DMA

9: Ethernet O
12: Video Subsystem
13: Cortex-M7_1 CPU
14: Cortex-M7_0 CPU

15: Test Controller

ECC (SED/DED)

Same

RAM retention in DeepSleep

Same

2020-12-09
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Comparison between CYT2BL, CYT4BF, and CYT4DN L/

Memory size 16KB ITCM, 16KB DTCM \ 64KB ITCM, 64KB DTCM
ITCM: 64-bit
Interface width DOTCM: 32-hit
D1TCM: 32-bit
TCM Bus interface N/A TCM interface

Fast clock domain:

Wait states 0 wait cycle for CLK_FAST <= 350 MHz
Priority Cortex-M7 CPU only
ECC (SED/DED) Supported
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