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|O-Link technology introduction




|O-Link connecting smart sensors & actuators

1st choice communication standard for next generation industries

IEC 61131-9 / o
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Next generation factory
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21 million 10-Link nodes by end of 2020
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The 10-Link Story (Version 1.1.3 or Package 2020)

Internet, IT, PLC/FS-PLC/OPC-UA Parameter
Browser ) . ser\fr Engineering
Fieldbus Fieldbus controller i ] Tool
IEC61131-9 integration c
IEC61139-2/3 -
e.g. XML, JSON Ethernet
Embedded , . ; Master Tool
mbedde Webserver | OPC-UA --=~- | Fieldbus interface UDP / (10DD:
controller:e.g. " : '
o Drive Gateway Application Gateway Application E;r;:::)re
' Standardized Master Interface (SMI)
Master / FS-Master / W-Master Air interface
e/ " "
Port Port J‘k Port Data | |0DD l
10-Link 4 = storage
- FS-Device SCL —
__________ Device Air interface
Application Application | Dedicated W-Device [*® Pairing ﬁ
Tool . button IODD
|ODD IODD Application Find
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life.augmented

IODD I




I OPERATE )
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|O-Link wake-up request

Physical layer interface

« WURQ: I0-Link Master drives the C/Q line to the opposite logic level than Device for 75 to 85us

« |O-Link Device releases the bus and enables Master to send its first message

Master wake-up First Master message in all First IO-Link Device
request transmission rates response
TReN
_.,: }'_
WURQ N
N Master
~ i start-up
Master . T ! . . >
: :4—N —p —
' Tpmt Tpwr Tomt
: =
! COM3 COM2 COM1 Sevice
Slo : II‘ start-up
r Device ,' >
,l ' Source: IEC 61131-9, 10-Link Interface and System Specification 9

life.augmented



Transceivers for |O-Link
Masters & Devices




Driven by STMicroelectronics

Point-to-point communication built on ST components

|O-Link Master |O-Link Device
A

/o
Ranlian o (¥ P

UART

12C ]

GPIO SPI/UART
GPIO

[<T]
upt020m s <
-

m A i www.teconcept.de TE )L - "
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http://www.teconcept.de/




16364Q / L6364W

Dual channels 10-Link Device

Two configurable 1/Os Integrated M-sequence
up to 500 mA/2.5Q management with CRC

DC/DC converter Wide operating range
+ two 50mA linear regulators 45-35V

Configuration and diagnostics Full set of protections
over SPI bus incl. reverse polarity & surge

13
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Package Comparison CSP vs. QFN

Dual channel IO-Link Device L6364

Kys

QFN ; L6364Q

> 60 % Board space saved!

Lys 14
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|O-Link Device IC positioning

Best applications for each device

L6362A

L6364W / Q

v' Lowest Rpgoy = Lowest dissipation v High integration - lower MCU
| | requirements
v Strong EMC immunity v Automatic clock extraction saves
v Can drive high capacitive loads oscillator circuits & gives flexibility
- VWi : -
v General purpose 24V line interface Wide configurability
. v" Two channels with paralleling for
Simple to use high output currents
v’ Cost-effective v" Smallest space per channel

Kyy 15
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X-NUCLEO-IODO0O2A1

Nucleo board for IO-Link platform based on L6364

O Process Stage Reverse Polarity

SPI with Selectable Transmission mode

Compatible with
O Two user LEDs for status & diagnostics NUCLEO-LO73, NUCLEO-GO71
O Process Stage EMC Compliancy |O-Link mini stack

and IODD file included

X-CUBE-IOD02

All available in X-CLUB=-10D02

O IODD XML file

Stack Libraries (IAR, KEIL, GCC) X-NUCLEO-IOD02A1

____________________________________________________________________

life.augmented 17


https://www.st.com/content/st_com/en/products/embedded-software/mcu-mpu-embedded-software/stm32-embedded-software/stm32cube-expansion-packages/x-cube-iod02.html
https://www.st.com/content/st_com/en/products/ecosystems/stm32-open-development-environment/stm32-nucleo-expansion-boards/stm32-ode-connect-hw/x-nucleo-iod02a1.html#overview
https://www.st.com/content/st_com/en/products/embedded-software/mcu-mpu-embedded-software/stm32-embedded-software/stm32cube-expansion-packages/x-cube-iod02.html

X-CUBE-IOD02: Software for L6364

Industrial 10-Link Device software expansion for STM32Cube

Software architecture:

Complete software to build applications on L6364 Application

* Includes I0-Link Device mini-stack library supporting

Single octet, Multi octet IO-Link mode and transparent UART mode
_ _ 10-Link device mini-stack
COM2 (32.4kbit/s), COM3 (230.4kbit/s) Hardware

Abstraction
* GPIOs, SPI, UART and IRQs configuration STM32Cube Hardware Abstraction Layer (HAL)

» Easy portability to different STM32 microcontrollers
(STM32CubeHAL)

* Including sample application for X-NUCLEO-IOD02A1

Hardware

STM32 Nucleo expansion board
* Free user-friendly license

STM32 Nucleo development board

life.augmented 18




Multisensor function pack with L6364

Evaluation kit with Industrial Sensors P-NUCLEO-IOD02A1

[] Process Stage Reverse Polarity

SPI with Selectable Transmission mode

Pre-programmed Nucleo + L6364
+ Sensor board in the kit

[] Two user LEDs for status & diagnostics

] Process Stage EMC Compliancy

|O-Link mini stack

and IODD file included

FP-IND-IODSNS1

[] X-CUBE-MEMS1 Function pack FP-IND-IODSNS1

contains all needed firmware

&) 19

IODD XML file

Stack Library (IAR, KEIL, GCC)

Lys
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https://www.st.com/content/st_com/en/products/embedded-software/mcu-mpu-embedded-software/stm32-embedded-software/stm32cube-expansion-packages/x-cube-iod02.html
https://www.st.com/content/st_com/en/products/ecosystems/stm32-open-development-environment/stm32-nucleo-expansion-boards/stm32-ode-connect-hw/x-nucleo-iod02a1.html#overview
https://www.st.com/content/st_com/en/products/ecosystems/stm32-open-development-environment/stm32-nucleo-expansion-boards/stm32-ode-sense-hw/x-nucleo-iks02a1.html
https://www.st.com/content/st_com/en/products/evaluation-tools/product-evaluation-tools/mcu-mpu-eval-tools/stm32-mcu-mpu-eval-tools/stm32-nucleo-boards/nucleo-l452re.html
https://www.st.com/content/st_com/en/products/ecosystems/stm32-open-development-environment/stm32-nucleo-expansion-boards/stm32-ode-sense-hw/p-nucleo-iod02a1.html

|IQInterface - |O-Link test emulation tool

Laboratory tool for I0-Link system testing

S

Device -——>

|O-Link development & debugging tool

Emulation of Master & Device

GUI & DLLs allowing communication & EMC tests

‘— 2
’l IG Development 20
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|IQInterface - |O-Link commissioning

|O-Link production & development tool

» Development tool both for
* 10-Link Master
* 10-Link Device

« Allows to evaluate and test 10-Link communication during the
development and system commissioning

e RS232, USB, Ethernet connection interface

* Provided with GUI applications for
* |0O-Link system commissioning
 EMC tests

 Includes communication DLLs and Python test automation library

‘— 2
’l IG Development 21
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|O-Link specifies EMC immunity requirements

Lys
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Table H.2 — EMC test levels

|O-Link EMC requirements

Phenomena Test Level Performance Constraints
Criterion
Electrostatic discharges (ESD) Air discharge: B See
IEC 61000-4-2 £ 8 kV H.1.4, a)
Contact discharge:
+ 4 kV
Radiofrequency 80 MHz — 1 000 MHz A See
electromagnetic field. 10 Vim H.1.4, a),
Amplitude modulated 1 400 MHz — 2 000 MHz H.1.4, b),
IEC 61000-4-3 3 Vim H.1.4, e).
2 000 MHz - 2 700 MHz
1 Wim
Fast transients (Burst) +1kV 5 kHz only. The number of M-
IEC 61000-4-4 sequences in Table H.1 shall
2 kV B be increased by a factor of
20 due to the burst/cycle
ratio 15 ms/300 ms.
See H.1.4, c)
Surge Not required for an SDCI link (SDCI link is -
IEC 61000-4-5 limited to 20 m)
Radio-frequency common mode | 0,15 MHz — 80 MHz A See

IEC 61000-4-6

10 VEMF

H.1.4, b) and H.1.4, d)

Voltage dips and interruptions
IEC 61000-4-11

Mot required for an SDCI link

Defined number of M-sequences and

maximum error rate during the test

Surge immunity not specified

but often requested by customers

22



|O-Link specifies EMC immunity requirements

|O-Link EMC requirements

Transmission Master Device Maximum of M-
rate sequence
feye Number of M- feve Number of M- SITOrS
sequences of sequences of
TYPE_2_5 (read) TYPE_O (read)
(6 octets) (4 octets)
4.8 kbit/s 18,0 ms 300 (6 000) 100 Tg T 350 (7 000) 6
20,84 ms .
‘ ) Defined number of M-sequences and
38.4 kbit/s 2,3 ms 450 (9 000) 100 gt 500 (10 000) 6 . .
(2,61 ms) maximum error rate during the test
230,4 kbit/s 0,4 ms 700 (14 000) 100 Tg|1 800 (16 000) 6
(0.44 ms)
Fast transients (Burst) +1kV 5 kHz only. The number of M-
. sequences in Table H.1 shall
IEC 61000-4-4 £ 2kV B be increased by a factor of
20 due to the burst/cycle
ratic 15 ms/300 ms.
See H.1.4, c)

Ky 23
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|O-Link EMC requirements

EMC Burst immunity tests

& igMaster EMC Test Teol 1.0.0.2 - O >

Comm Settings

Device tester | Master tester | Setup igMaster for Test

Cycle Time %0 1ms= 208 ms

Device MinCycleTime (1 byte): hexar ~

State: No communication

Checksum errors: | Moresponses: | Response errors:
Errars summary: 0

IM-seqguence counter: 10091

Ratio Error/M-seq: 0

;. Starttest i |RESERCOURIE]

Electrical Fast Transient (EFT) +1kV (5kHz) )

IEC 61000-4-4 applied trough capacitive clamp

Lys 24
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Diagnostic tools

O-Link Diagnosis Too

° . ~ e TR .

. — L4 I @ Y Filter | 4 Settings - CyCIe tlme
Master 2 - T | "/-_:"' Dev :! Timestamp Cycle Time  Access  Address Master Request Response Delay  Device Response PD validity
L b L 7O | e o = \weom S 0010 = * Access
- - L 00:05.971672 1206 s R 3 (A3 Ox11 3.8us K?} o
o - - — 00:05.572310 1238 s R 4 OncAdt 0 329 valid
111 _'1 - Sl ] 00:05.974147 1237 us R 5 218 DB 017 valid ° Ad d ress
— I — 00:05 575388 1247 ps R & 2 008 0 0F valid
oLk . 00:05.976631 1242 s W 0 36.4 s (2D valid
pester TEEmEs 00:05.577868 12378 RO7 31218 002 00C valid e Re que St
= — 00:05.979109 1241 s R 8 355ps %86 036 valid
| == === 00:05 580346 1237 s R 5 M s 002 00C valid
s 00:05.581589 1242 ps R 10 M 000 02D walid ° ReS po nse
artaoe — 00:05 582826 1237 s R " 338us 003 01D valid
| 00:05 584063 1237 ps R 12 P8 000 02D walid
00:05.585561 1457 ps R 13 338 000 022D valid ° R e S p 0 n S e d e | ay
00:05.586799 1238 ps R 14 329 000 02D walid
00:05.588036 1237 ps w 0 364 s (2D valid Lo
00:05.585282 1245 s R IDLE1 I6dps 000 02D valid °
t 00:05.990380 1098 ps W START 45.0ps (2D valid P D Val I d Ity
+ 00:05.991475 1094 ps W COUNT() OxBT 0x17 Dx15 4418 (02D valid
A t 00:05.992573 1098 ps W COUNT2) 0x62 0x2B OxB6 LERITH (2D valid

« Stat
ate

Y Filter | ¢ Settings -

Timestamp State Action Message Details £
00:05.322096 150U Read (8bit Index) Posttive Response Index[0x10] = 0«63, 0x66, (x6D, (20, (65, BxBC, 165, BxB3, Bx74, ... Hi .
00:06.280385 1SDU Rssd (bt Index) Positive Responss Index[0x12] = 0x54, Ox41, 0x44, 0x39, 0x38, 0x31 T ° ACtI O n
00:07.017659 Wiite Direct Parameter Page 1 Wiite page parameter 21200 ps = Master Cycle Time
00:07.181402 Master Command Wiite master command Device Operate ([x33)
00:20.847349 Seemate.| Wiite system command Positive Response Param upload start ((x01)
00:21.363164 Se=mar= | 15DU Read {3bit Index) Positive Response Index[Cx10] = D69, 066, OxED, (x20, Bx65, BxEC, OnE5, 0x63, Bx74, ... i
00:22.062509 cemmar= | 1SDU Read {8bit Index) Positive Response Index[0x12] = 054, Ond 1, Ond4, 039, 0x38, Bx31 T ° M es S ag e
00:22.562273 Se=mar=_ | 15DU Read {3bit Index) Positive Response Index[Cx14] = 054, 065, OxED, Gx70, Bx65, Bx72, Bx61, 374, Bx75, .. T
00:23.582431 Se=mar= | 15DU Read {3bit Index) Positive Response Index[Bx15] = On74, 0x30, Bx31, 0x31, 036, Bx31, Bx31, 0x30, 0237, 0... 1l
00:24.190335 se=mar= | 15DU Read {3bit Index) Positive Response Index{Dx16] = (xd1, Oxd3 A
00:24.683471 Se=mar=_ | 15DU Read {3bit Index) Positive Response Index[Cx17] = 033, 030, Gx31 3 H
00:25.183835 Se=mar=_ | 1SDU Read {8bit Index) Positive Response Index[(x18] = 0x00, 0x0D. 0x00, 0x0D, 0x00, Gx00, Gx00, G<00, G<00, D... L4 D etal I S
00:25.905259 oesmate | \Wiite system command Positive Response Param upload end (0x02)
00:34.675341 oesmate.| \Wiite system command Positive Response OxFO
00:34.762016 oemmate | Status code Read event status code Event with details: activated events: 1 - 25
TS —— e - Dt it S e ot imm Plmim b Rmlimmbinn Tt ~mdms (e OPIEE st s
< >

life.augmented



Device tester

Teseacn =y Test logs and trace

Test Cases \ ‘ Device T—
. . TestID: ] EUT

Device-Tester Software (DTA) e ISDCI_TC_0037 ‘ | Device and Legacy-Device, except Devices with zero length process data ]

e * [TCD_DLPC_OPER_OPERSTUPT | 9o [Blwe72359332 !

Test report \{ Log Group: [aatup } Inttial s.: [opﬂe ]
file ti ’ file Version | 11 | Category [Devnee protocol test; test to pass (postive testing) ]

-  r Tester y o ‘

Purpose ‘ra comect state transition from OPERATE to STARTUP

Test Case Steps: Log: Trace:
Step Name COF EOF ;’;CD‘ SDCI_TC_0037 Test case: SDCI_TC_0037 A
iceinitial state
1. Set DTH parameters 0 i VStVake u%dmemm Set initial state:
5 art up device: ss
2. Start Up Device M ™ PreOperate: Success A200 ->
Command Operate: Success A2 00 -> 62 30
3. Sead 30U M M initial state is set. Device is ready for the test. A311 >013C
1. step - SDCI_TC_0037: Set DTH not to disconnect 10-Link communication A5 22 -> 5021
iwhen the Device doesnt answer for the request. Set DTH message handler’s A6 12 ->002D
inumber of retries to 0 20 36 95 -> 2D
v DTHis set A703 ->020C
A8 03 -> 86 36
2. step - SDCI_TC_0037: Device is in OPERATE state. Master sends (%57 AS12 ->013C
Device Startup command. AA 22 -> 002D
/ AB 33 -> 020C
Parameters: AC11 >002D
Device- Cycletime: 100 Thit AD 00 -> 00 2D
2 20 36 9A -> 2D
SDCI Device TDQ_F:I‘“ Answer 210562 2D
Minimum cycle time: (x62 20 06 99 -> 2D
(EUT) ( ) M-sequence capabilty: (x01 F194 ->00011C18
, spcl @ Revision ID: (x11 Repeated 6 time
f { \ Data In: (x50 F194 ->00011B3A
\ ( = ®) Data Out: 0x00 Repeated 3times
\ Ky ® e F194 -> 000118 3A
- — 3 o v DeviceStartup command is sent Rep 4 times
Skop efomion: F134 ->00011C 18
. Set DTH not to disconnect 10-Link communication when the 3. step - SDCI_TC_0037: Master sends |SDU idle message with the OPERATE | (Fepeated 2 time
Device doesnt answer for the request. Set DTH message M-sequence type. The Device shouldnt answer for the request because it has fallen
handler's number of retries to 0. o STARTUP state 1. step - SDCI_TC_0037
(Set DTH parameters)
Parameters: Parameters:
Number of tries: 0 1SDU command: IDLE F194 ->00011C 18
Disconnect 10Link communication on emor: No M-sequence: M-Sequence type which is used in state OPERATE R 20 times
Next state on emor: Startup e F194 ->00011C18
Fopid Rep es

Store: Device answers for the request: No
3 2. step - SDCI_TC_0037
< Device doesnt answer for the request with illegal Msequence type (Start Up Device)

4. step - SDCI_TC_0037: Set DTH to disconnect I0-Link communication when  |F194 -> 0001 1C 18
tthe Device doesnt answer for the request. Set DTH message handler’s number of Repeated 5 times
jretries to 2. 20 BF 97 -> 00 1C 09

v DTHis set
3. step - SDCI_TC_0037
v Test has been passed (Send ISDU Command)

Device has gone to the initial state. [ Devicestate: E_DEVICESTATE_SIO]
F194 -

4. step - SDCI_TC_0037
(Set DTH parameters)




@ IO-Link STEVAL-IOD004KT1

Reference design kit for 10-Link industrial sensors based on L6364W

Multi-sensor board based on L6364W
Compatible with 10-Link v.1.1/COM3
Smallest form factor PCB 45x7.5mm

M24M01
SWD programming interface and Industrial Expansion 1S2MDC
field-side connector M8 Connector D L DN

SWD

Development status:
Planned for Q3’21

Reset

Will be available in a kit with all needed

accessories including: @

e STLINKV3-MINI programmer

« M8-M12 adapter cable STM32G071EBY

» |0O-Link firmware package L6364W

Lys
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X-NUCLEO-IODO0O2A1

© IO-Link STEVAL-IOD002V1

Nucleo Board for IO-Link Platform based on L6364

[] Process Stage Reverse Polarity

SPI with Selectable Transmission mode

[] ON/OFF Green LED
[l Fault signalization by Red LED
] Thermal Fault Red LED
] Process Stage EMC Compliancy O i
- X-CUBE-IOD02 | i‘m‘ﬂi .. & |
IODD XML file
i L6364Q (QFN20L) L6364W (CSP19)
Stack Libraries (IAR, KEIL, GCC) X-NUCLEO-IOD02A1 STEVA_L'IODOOZV]'
"l i i * Available * Available 28

___________________________________________________________________
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@ IO-Link

STDES-10D002V1
STDES-10D004V1

Design examples with L6364Q and L6364W

]

I e M e Ml e

Lys
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Process Stage Reverse Polarity

SPI with Selectable Transmission mode

ON/OFF Green LED

Fault signalization by Red LED

Thermal Fault Red LED

Process Stage EMC Compliancy

STSW-10D02L051/10D04G071

IODD XML file

Stack Libraries (IAR, KEIL, GCC)

___________________________________________________________________

L6364Q STM32L051

In development

STDES-I0OD004V1
TOP BOTTOM

STDES-I0D002V1
TOP —lelu kel

L6364W STM32G011

v' Basic Reference Designs
v L6364Q or L6364W
v’ STM32L051 or STM32G071
v 10 pins expansion connector
v' 7 or 6 SWD connector

29



https://www.aliexpress.com/item/4000293537340.html?spm=a2g0o.productlist.0.0.eb214aadAUeW8N&algo_pvid=3ff764e4-6019-42a8-b090-68f519a6689f&algo_expid=3ff764e4-6019-42a8-b090-68f519a6689f-6&btsid=2100bddf16070866269978952e3151&ws_ab_test=searchweb0_0,searchweb201602_,searchweb201603_

Automation Competence Center
System Reference Design

Automation

Competence
Center
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8-Port 10-Link Master based on IOLM4P

SMA4F36A

—_— L7986A 3.3V
R, e
VN808-32-E —> 8*24V @0.7A _1i
wk Features:
<> 6360 SN <—> -
g  Ready to use with 8-
o <IN ETN<— Port 10-Link Master
STM32L4 RN
PUSE SLVU2.8-4A1 W PC Control Tool
VR e  Extensive functions
HX1260NL LANS742A H W Wlth Customized
Sinale Por o <—>IICEI IEOW<—  STMB2F7 High leve
> ingle Por
stMazie L T IR <— Master Access
—MEZM 0T« Program
S L* ESD

Lys

life.augmented

31



8-Port Master with TMG Stack

SMA4F36A

L7986A 3.3V
VNB808-32-E

24V Vbus
—> 8*24V @0.7A

Features:
NN anGas ; » single MCU as controller
< | ErTEC200P2 || « TMG stack with EthernetIP

H 1
i KSz8863 L

SLVU2.8-4A1 'TTTTETii00, i
- USBLC6-4SC6 ; _ !

Ethen'et/IP
EthercAT-™

~

A\

; 4 - .
.’ 4 o an 3 o35
) ——\ — ~ . £ g ? C3ms- 8-CH 10-Lank Master =
=3 T vl 20211004 /
'l RSN g R . 2 C S 0000 S s ety 3 S48 32
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|O-Link to 8-ch DI/DO

8 Digital Outputs
1

Key P/Ns:

@ IO-Link
STM32G071
M24C08

S STM32 -l
ISO8200AQ
@@ L6364Q RN 071 PG '°S¢2601"2
P
163640

8 Digital Inputs ISO8200AQ / SCLT3-8B
SMB15F23AY
SMA4F28A

@ IO-Link

’ STM32
LO304Q G071

Features:
« TEConcept mini stack for 10-Link devices
"l  TMG device stack 33
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|O-Link Actuator LED Tower Light

MC24C08

12C BUS I
Optional sensor e | RED
Cut-off d
iyl TJ GREEN
P mmabl f
[ Cumrru;a Iimite
74LVC1 -FO-[)EH-L;d;et;lI:ﬂ B -: Buzzer
GSISTNN  STM32G071 . e Corent r
: Logi |
B | | Out Clamp |'TJ
' |
SMAJ26CA. I
. —_+— Junction Temp |
@ IO_LInk Detection _X4_|TJI
24\
X ISM15T27CA a—
ARROW ESC
— 2021M4005~-ST
GND
+
Features:

« TEConcept mini stack for IO-Link devices

Lys
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|O-Link Technology

Master & Device ICs

Defined by market leaders
Fully standardized

Scalable ICs portfolio

* Universal _
Very low ON resistances
« Easytouse _ )
_ _ Extensive protections
* Rapidly growing

Rich feature set

Wide programmability
& diagnostics

uf’?/ Q IO-Link

Universal - Smart - Easy

Lys
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Summary

Open
Development
Environment

E ’T\] Technologie
I Management Gruppe
S5

|O-Link Stack +
Evaluation ecosystem

» Product evaluation tools

« System-oriented designs
* Hardware + Firmware

» Graphical User Interfaces
* |0-Link stacks available

‘\L

35
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Please Scan the QR Codes
and Stay Tuned with Us.

PDSA Wechat Subscription Power & SPIN Microsite



Our technology
starts with You

Find out more at

https://www.st.com/en/power-management/io-link-transceivers.html

© STMicroelectronics - All rights reserved.

ST logo is a trademark or a registered trademark of STMicroelectronics International NV or its affiliates in the EU and/or other countries. ‘
For additional information about ST trademarks, please refer to www.st.com/trademarks.
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