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1 Export Control Notice

Recipient agrees to not knowingly export or re-export, directly or indirectly, any product or technical data
(as defined by the U.S., EU, and other Export Administration Regulations) including software, or any
controlled product restricted by other applicable national regulations, received from disclosing party under
nondisclosure obligations (if any), or any direct product of such technology, to any destination to which
such export or re-export is restricted or prohibited by U.S. or other applicable laws, without obtaining prior
authorization from U.S. Department of Commerce and other competent Government authorities to the
extent required by those laws.
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IO-Link Device — System Description

2 IO-Link Device — System Description

This design was made with the following targets:

I0-Link communication with master functional out of the box (see Section 6 for IODD details).

Digital and analog inputs readable by 10-Link master functional out of the box.

Easy connection of in-house sensor to the PCB.

Overhead of signal chain, power and computing enabling prototyping directly with the provided PCB.

Consideration for both 10-Link certification, mechanical, ESD, and EMC constraints to enable as much
as needed reuse of the provided schematics and layout files.

3.3V from Internal LDO

110 Link

Serial - Protection
ADS 1220 MSP430FR5738 SN65HVD101 !

| YY

* Break-away sections for easier prototyping

Figure 1. IO-Link Transmitter Overview (System Block Diagram)

2.1 10-Link Interface

This design contains a totally validated 10-Link PHY and stack (see [1] and [2]). This design also contains
a form factor of 6 mm width (compatible with a standard M12 connector). With all three components, this
design aims to jump-start 10-Link devices developments.

2.2 |O-Link Sensor Inputs

The design comes with:

Potentiometer, which the user can actuate to simulate analog input changes and see the result on its
I0-Link master out of the box.

Precision resistor to enable easy calibration (selectable through deep switch)

Push button, which the user can actuate to simulate digital input changes and see the result on its 10-
Link master out of the box.

Connectors between the 24-Bit Analog-to-Digital Converter (ADC) (ADS1220) and the potentiometer to

allow easy connection of an analog sensor.
Headers for easy interfacing to own sensors with existing electronics.

2.3 Selected Integrated Circuits

The system is leveraging:

SN65HVD101, a dedicated product which is an interface for 10-Link buses and provides full physical
layer of the OSI model (PHY) support and a low-dropout regulator (LDO) to power the rest of the
system.

MSP430FR5738 from the family devices featuring embedded Ferroelectric Random Access Memory
(FRAM) nonvolatile memory which brings unique capabilities for field updates and logging

ADS1220, which offers low power ADC with a serial peripheral interface (SPI) for read-back from the
microcontroller (MCU).
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3 Introduction to the 10-Link Interface

CAUTION

To facilitate a ground-up IO-Link device project, this section provides a quick
overview of the 10-Link interface. This section should, under no condition, be
considered a reference. Only the reference documents should be used after the
initial phase of the project.

IO-Link @ is a simple and cheap point-to-point protocol (standardized as IEC 61131-9) for the industrial
automation and control applications.

Though the IO-Link clearly states that a master can have several ports, each of which can have a unique
device connected to it, the rest of this document refers to a connection between the master and the device
to avoid a to heavy “master-port” naming of a potentially misleading “port” denomination.

3.1 10-Link Physical Connectors

The 10-Link connectors pin assignment is based on IEC60947-5-2 [4] with extensions specified in 10-Link
Interface and System Specification v1.1.2 [1]. Figure 2 is a capture of the M12 connector selected for this
project from [4].

8 min.
- 6,5+ 0,2—~]
3 max.
[90°] | H:>
©1,00 £ 0,03
TYP. 4 PLC
1,65%0:10
— 2105 3,  M120x1
©7,60*0:15
+0,10
R4,40"
~55+02—
7.2 82 L—NOTE 2

Sealing face —

NOTE 1 Pin identification numbering is not necessary.

NOTE 2 For a provisional period, the use of 1/2”-20UNF-2A is permissible as an alternative to M12 on a.c.
proximity switches.

NOTE 3 The protective earth pin shall be omitted for class Il proximity switches.

Figure 2. M12 & 4-Pin Integral Connector (Defined by IEC 60947.5.2)
@ “|O-Link™ is a trade name of the 10-Link Community. This information is given for the convenience of users of this international Standard
and does not constitute an endorsement by IEC of the trade name holder or any of its products. Compliance to this standard does not
require use of the registered logos for 10-Link™. Use of the registered logos for I0-Link™ requires permission of the 10-Link Community.

(1]
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The electrical connections are shown in Figure 3, and are extracts from [1].

Pin Signal Designation Remark
1 L+ Power supply (+) See Table 7
2 1/Q NC/DI/DO (port class A) Option 1: NC (not connected)
P24 P24 (port class B) Option 2: DI

Option 3: DI, then configured DO
Option 4: Extra power supply for power Devices (port cla ss B)

3 L- Power supply (-) See Table 7
4 c/Q S10/SDCI Standard I/O mode (DI/DO) or SDCI (see Table 6 for electrical
characteristics of DO).
5 NC NC (port class A) Option 1: Shall not be connected on the Master side (port class A).
N24 N24 (port class B) Option 2: Reference to the extra power supply (port class B)

NOTE M12is always a 5 pin version on the Master side (female) .

Used for this project

Class A
4 3
Male
(Device)
1
M12 connectors
M5 are A-coded
according to IEC
3 4 61076-2-101
Female
(Master)
M5

Figure 3. M12-4 Pin Layout and Assighments

It should be noted that according to [1], the current project is only using the port Class A definition.

Cables are also specified by [1], with a maximum length of 20 m and associated maximum resistance and
capacitance.

3.2 |0-Link Device Power

The I0-Link device (class A) can draw its power from the L+ line and is only allowed to draw up to 200 mA
(see [1] for more details) from a voltage, which varies between 18 and 30 volts (see [1]). The IO-Link
device must be functional less than 300 ms (see [1]) after the supply passes the 18-V threshold.
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3.3

IO-Link Communication Layer

The 10-Link communication can be seen as having two modes. The first mode is a back-up, quasi-static
mode which ensures backward compatibility with standard 1/0 (SIO) mode specified in IEC61131-2 [5].
The second mode is the newly defined dynamic mode for bi-directional communication (SDCI) defined by
[1]. A good overview is provided by Figure 4 (combined extract from [1] and [5]).

331

Pin | Signal | Definition Standard
1 L+ 24V IEC 61131-2
2 1/Q Not connected, DI, or IEC 61131-2
DO
48/384/2304kbps |3 | L ov IEC 61131-2
4 Q "Switching signal" DI IEC 61131-2
“Uuuu (510)
o] "Coded switching" IEC 61131-9
(COM1, COM2, COM3)

Figure 4. SIO versus SDCI (or IEC61131-9 versus IEC61131-2)

The switch between SIO mode and SDCI is master initiated.

The master will issue a wake-up command to the device (which consists in shorting the 80 ps CQ line with
at least 500 mA (IQPKHM) [1]. The device must be ready for communication in less than 500 us (TREN).

After the wake-up request (WURQ), the master will wait for the device to be enabled for TREN [1]. The
master will then try to identify the highest transmission rate supported by the device by sending a test
message (M-sequence type 0). See Section 3.3.2 - Data Link Layer for details.

Following the wake-up attempt, should communication fail, the device switches back to SIO mode within a
time window of 60 ms to 300 ms (TDSIO [1]).

If communication is successful, it occurs on a frame basis.

Physical Layer

3.3.1.1 Handshake

The master will issue a wake-up command to the device (which consists in shorting the CQ line for 80 ps
with at least 500 mA (IQPKHM) [1]. The device must be ready for communication in less than 500 ps
(TREN).

The short from the master will be made in such a way that the master shorts the CQ line to the opposite
value driven by the device to ensure the device senses the current surge the master is driving on the CQ
line (see Figure 5).

SI0O Mode f v Wake-up request E Ready to communicate
I
1 1 [
Device output | a) ! b) i
I
1
Q =low undefined i High impedance, low level
L :
1 I 1
1 I 1
I I 1
jl | |
Q = high ' undefined \ High impedance, low level
| 1
T :
1

v

) t

‘TWU

TREN

Figure 5. Wake-Up Request
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3.31.2

Physical Layer - Modulation

Communication is done with a universal asynchronous receiver or transmitter (UART) frame consisting of
11 bits (1 start bit + 8 bit data + 1 bit parity + 1 STOP hit).

Bits are transmitted over the CQ line with a simple non-return-to-zero (NRZ) (that is, a logical ‘0’ is 24 V
between CQ and L- and logical ‘1’ is 0 V between CQ and L-).

Bits duration are defined by the transmission rate (the highest transmission rate at which the device can
detect the test message sent by the master), the eye diagrams are illustrated by Figure 6 and Figure 7.

ItH | tno \ t, | tno |
e — e
" IR TR
DM MAX [ 1 1 [ 1 1
— T 2SS N
. R = o e
1 1
[ : [ [ 1 1
Detection 'H' ! ot !
VTHH A I I L a4 VTHH
iiuininks fnke ““‘:"{“‘:““1" “““ ! :": “““““““ ----
1 [} 1
1! 1 1 [ [
VTHLyax | _E__:___E____' i _: i__:_ _____ R VTHL iy
! ra) | 1 \_Detection 'L’
VRQLp v max _ { l i b
VOp i i ! L
i T T LI
VILD,MMIN____ : ____:-____Jl-____l _i _____ E_JI- _______________
—"it — i‘t—’=
DR DF
_ Tarr | Tarr N

In the figure, 1) = no detection 'L"; and 2) = no detection 'H'

Figure 6. Eye Diagram for the 'H' and 'L' Detection

TaL® . as
w0 start bit P ST="1
art Stop
Bit n=1 Bit n=2 Bit n=3 Bit n=9 Bit n=10 Bit n=11
Tarr Tarr
CQ VTHH | | | |
VTHL n
_/ /
L_ >
(2-NTgr (3-NTarr (10-NTgr (11-NTar
(1-8)Tarr (2-8)Tarr (3-8)Tarr (10-8)Tgir (11-8)Tgr

Figure 7. Eye Diagram for the Correct Detection of a UART Frame
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3.3.2 Data Link Layer

3.3.2.1 Transmission Frame

Communication between a master and its associated device takes place in a fixed schedule, called the
message sequence (M-sequence) time (t M-sequence) defined in [1] of which Figure 8 is an extract.

Port UART UART UART
(Master) frame frame frame

Device : : UART UART UART
: : frame frame frame
: I S
—_— 2 Iy

Ia

[M—sequence

Figure 8. M-Sequence Timing

3.3.2.2 Transmission Rate Negotiation

After the WURQ, the master will send a test message with M-sequence TYPE_0 and should the device be
capable of deciphering, the device should answer within tA to the master (see Figure 9 and Figure 10).

Tren
_>: :4_
] 1
WURQ [—
Master
i) i) II‘ Start—up
Master ' () I >
! e — ——!
' Tour Towr Tomr
| —
! COM3  COM2 COoM1 Device
I
sio | i start-up
I
Device H >
Figure 9. Example of Successful Transmission Rate Negotiation
1 1
| |
Master 1 ! >
i i
I ]
] I
1 1
: —) :
! COM3 COM2 COoM1 !
I ]
]
S0 i No response '
Device ' ' >
o
i‘ Towy o
Figure 10. Example of Failed Transmission Rate Negotiation
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3.3.2.3 Data Link Layer Services
Once established, the master and devices have access to services summarized in Table 1.

Table 1. Service Assignments
Within Master and Device

SERVICE NAME MASTER DEVICE
DL_ReadParam R |
DL_WriteParam
DL_ISDUTransport
DL_ISDUAbort
DL_PDOutputUpdate
DL_PDOutputTransport |
DL_PDInputUpdate R
DL_PDlInputTransport |
DL_PDCycle | |
DL_SetMode R
DL_Mode | |
DL_Event | R
DL_EventConf R
DL_EventTrigger R
DL_Control I/R R/I
DL_Read R |
DL_Write R |
Key (See®W®)

I Initiator of service

(0|0

R Receiver (responder) of service

@ | Initiator of a service (towards the layer above)
@ R Receiver (responder) of a service (from the layer above)
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3.3

3 Application Layer

Once established, the Master will then be able to access the structure and services of the device
application layer as illustrated by Figure 11.

Technology specific application (technology parameter, diagnosis, process data)

Parameter Manager (PM)

Data Storage (DS)

Event Dispatcher (ED)

Process Data Exchange (PDE)

b h
= >
s| 2l & o
g £ sl 3| ¢ 2
B 2 IS H & sl @ = o _
K § s} 8 o © 8 2 &) SIO:
_lI _|I jl _II —ll 2' _II _II il DI / DO
| <= < < < < <] <] =
A A A A
= = On-request Data
el G| €| €| 8 q AL Procegs Data
3| 2| 8§ Sl 2l @ objects objects
o 8] 2| o B3] 8
2 5| ] ¢ ¢| = T
2| &| 3| 3| 3| B s | 3 2
af al gl ol af € , ° | - 2 g 2
ol & 3| | S| 3 B |e 25|32 2| 5| 5. s |35 &
i 2 21 21 2 2 eelZel @ %lo 3 > >3 oglasa a
=| =| =| === rs|35 222l o wl ©3 Ox|a@ o
n| nlunl o]l nln 5| 25 Jel '8 ! Y = - s _
y y y y [N e NN OF|O<x [a} [a] [aN na> o a
A A A A 4
A
. On-request Data Process Data
Line handler handler
Handler
E| ) DL-B
DLRead | — = i —~~"% BN B ™ =1 =" vl
= COElE] gz E| g bLa
DL_Write ) | ala ol ¢ a a
D DeVlce : O o A D_" LIJ‘ o D.‘
System DL_Mode DL-mode '
< = MHiInfo Message
manage- handler
ment : handler
| ;
! Slo:
PL_SetMode.req PL_WakeUp.ind PL_Transfer.ind PL_Transfer.req DI/ DO
A
Mode switch f \
_________________________________________________________________________ P, SV . A5
Wake-up Coded switching i Switching signal
Physical layer
Figure 11. Structure and Services of the Device Application Layer
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4 Block Diagram
3.3V from Internal LDO
1/0 Link
[ Serial
erial .
ADS 1220 MSP430FR5738 SN65HVD101 - Protection
- (TVS etc.)
RBF Pot.
* Break-away sections for easier prototyping
Figure 12. 10-Link Sensor Block Diagram
For more information on each of these devices, see the respective product folders at www.ti.com.
4.1 Highlighted Products
The system is leveraging the following semiconductor integrated circuits:
» SN65HVD101 is a dedicated product which is an interface product for IO-Link buses which provides a
full PHY support and LDO to power the rest of the system.
» MSP430FR5738 from the family of devices featuring embedded FRAM nonvolatile memory which
brings unique capabilities for field updates and logging.
e ADS1220, which offers low power ADC with SPI for read back from the MCU.
The design comes with:
» Potentiometer, which is fitted to enable easy simulation of analog sensor and read-back through 10O-
Link
» Precision resistor to enable easy calibration (selectable through deep switch)
» Push button, which is fitted to enable easy simulation of digital sensor and read-back through 10-Link
» Header, which is fitted to enable easy connection of smart sensor for read-back through 10-Link (SW
adaptation will likely be needed)
TIDU259B—April 2014 —Revised October 2015 Turnkey IO-Link Sensor Transmitter 11
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4.2 SN65HVD101
VCC VCC VCC
OUT IN SET L+
= T—D O
|
A
SUPPLY VOLTAGE @
CONTROL
PWR OK le ]
RX M 4 - # Ml cQ
TX > Volt Volt
ﬁmaegz Det:e:g;s
EN N> .
Control| |Over Current| |Over Current
WAKE Logic Timers Detectors
CUR_OK Wi« TEMPERATURE
TEMP OK l¢
i i
ILIM_ADJ GND L-
Figure 13. SN65HVD101 (I0-Link PHY for Device Nodes) Block Diagram
» Configurable CQ output: push-pull, high-side, or low-side for SIO mode
* Remote wake-up indicator
e Current limit indicator
e Power-good indicator
» Overtemperature protection
* Reverse polarity protection
» Configurable current limits
e 9-Vto 36-V supply range
» Tolerant to 50-V peak line voltage
e 3.3-V and 5-V configurable integrated LDO
e 20-pin QFN package (4.0 mm x 3.5 mm)
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Block Diagram

4.3 MSP430FR5738

PJ.4/XIN PJ.5/XOUT DVCC DVSS VCORE AVCC AvVSS PA
A ‘ ‘ f ‘ ‘ P1.x|, P2.x
v v [ v v
(~51365 |g3m 1/0 Ports
Clock [P ACLK S KB sYs P1/P2
System (5734, ‘5724) 1KB Boot " Power ; :xg :;gs
SMCLK 4 KB 00 lanagemen x s
> es130 920y ROM Watchdog REF
Svs Interrupt
MCLK ;RAM | RAM & Wakeup
lemory PA
Protection
Unit 1%111/0s
MAB
CPUXV2 DMA
and
 Working MDB 3 Channel
Reg S
EEM
(S: 3+1)
TAO TBO eUSCI_A0: ADC10_B
RST/NMI/SBWTDIO ——»[™ = TA1 UART, )
TesTisBWICK —|-»| TAS IrDA, SPI 10 Bit Comp_D
PJ.0/TDO ——] MPY32 RTC_B CRC 200KSPS
PUATDITCLK | Mterface (2) Timer_A| |(1) Timer_B eUSCI_BO: 10 channels]
! PJ.2ITMS — ] 3cC 3cC SPI, 12C 8 channels
- Registers Registers (6 ext/2 int)
PJ.3ITCK —|P|

Figure 14. MSP430FR5738 Block Diagram

Embedded MCU 16-Bit RISC Architecture Up to 24-MHz Clock
» Wide supply voltage range (2 V to 3.6 V)
* Optimized ultra low power modes (81.4 pA/MHz in active and 320 nA in shutdown (LPM4.5))
» Ultra-low-power ferroelectric RAM

» 16-KB nonvolatile memory

» Ultra-low-power writes
» Fast write at 125 ns per word (16KB in 1 ms)

» Built-in error coding and correction (ECC) and MPU

* Universal memory = program + data + storage

« 10" write cycle endurance

Intelligent Digital Peripherals

e 32-bit hardware multiplier (MPY)
» 3-channel internal DMA
» RTC with calendar and alarm functions
e 16-bit Cyclic redundancy checker (CRC)

» High-performance analog

* Enhanced serial communication
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44 ADS1220
AVDD REFPO REFNO DVDD
10 pAto
1.5mA ¢ ¢
Internal Reference .
AINO/REFP1 ©— Reference | ~ Mux Device
o o— \ oS
AINT O - Digital Filter SCLK
24-bit and
Mux PGA AS ADC > SP] DIN
AIN2 C—p > > Interface . Bg;?DRDY
o\o—
AIN3/REFN1 O—» Low Drift Precision
—o/o—‘ Oscillator Temp Sensor

AVSS CLK DGND
Figure 15. ADS1220 Block Diagram

* Low current consumption:
— Duty-cycle mode: 120 pA
— Normal mode: 415 pA
» Wide supply range: 2.3V to 5.5V
* Programmable gain: 1 V/V to 128 VIV
* Programmable data rates: up to 2 kSPS
» Simultaneous 50-Hz and 60-Hz rejection at 20 SPS with a single-cycle settling digital filter
* Low-noise PGA: 90 nVgys at 20 SPS
e Dual-matched programmable current-sources: 10 pA to 1500 pA
e Internal 2.048-V reference: 5 ppm/°C (typical) drift
» Internal oscillator: 2% (maximum) accuracy
» Internal temperature sensor
» Two differential or four single-ended inputs
* SPI™-compatible interface
e Package: 3.5 mm x 3.5 mm x 0.9 mm QFN
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5 Circuit Design and Component Selection

51 PCB Area
Head transmitters have a standardized footprint defined by the connector sizes: M5, M8, M12.

This design uses the industry standard size M12 connector and enables the PCB width to fit with a pipe of
a similar diameter as the connector.

The design uses the PCB divided in four different functional areas to provide an easier starting point for
new projects, as well as rapid prototyping with breakaway sections.

9.65mm 16.13mm 21.97mm 23.37mm

< e sle >l
gV _
= @ =1 |2 <
83. g° 8 s ‘B‘B‘ N
o A

< 71.12mm >

«—]1000 (mi1ld—>
Figure 16. Full System PCB Dimensions

Break-Out | Break-Out Il I Pads ! Main Board Input & Protection

=md BR8 |J3 4
PCo v e o li-"’ 2
of Fold pec; B o Omo B S

Figure 17. Functional Sections of the PCB

5.2 Power and Protection Design

The 10-Link device design is powered off the I0-Link interface by way of the L+ (24-V nominal) and L-
(GND) terminals. According to the 10-Link interface and system specification [1], an 10-Link device must
be able to operate with a supply voltage ranging from 18 V to 30 V.

The 10-Link PHY SN65HVD101 (U2) used in the design operates with supply voltages from 9 V to 30 V,
providing a lot of margin compared to 18 to 30 V. The 10-Link PHY SN65HVD101 integrates a linear
voltage regulator powering internal parts of the PHY itself. The linear voltage regular also powers the
MSP430 (U3) device and the ADS1220 (U1) device. The linear regulator is set-up to provide a 3.3-V rail
(VCC) on its VCCOUT-terminal by grounding the VCCSET-terminal (terminal 1 of U2).

The 10-Link PHY (U2) provides three indicator outputs (PWR_OK, CUR_OK, and TEMP_OK) which signal
fault conditions of the power supply (undervoltage condition of VCC or L+). The three indicator outputs
also signal overcurrent in or out of the CQ-pin. The three indicator outputs also signal over-temperature of
the die by driving the respective terminals to a logic LOW state, while the outputs have a high impedance
under normal operating conditions. The indicator output signals are fed into the MSP430 (U3) device.
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The L+ and CQ pins of the SN65HVD101 device offer a £40-V absolute maximum steady voltage rating,
which is furthermore extended to £50 V for transients with pulse width less than 100 ps.

The 10-Link PHY (U2) margin and the ability of the PHY to withstand even negative voltages ease the
design because of the robustness of the solution against ESD and Burst and Surges as defined in the
Standards IEC 61000-4-2, IEC 6100-4-4, and IEC 6100-4-5.

The design uses an additional transient protection circuitry consisting of the TVS diodes (D6, D7, D8) and
bypass capacitors C10, C12 and C13 to be in compliance with Standards IEC 61000-4-2, IEC 6100-4-4,
and IEC 6100-4-5.

D4
vco L+ s Py < o . &
RF071M2S
< <
8 g
——=Ci10 D o D6 ——=Ci2 = D7
u2 2.2yF, £ 0.1uF <
VCCOUT L+ 10 & 3ov o 30V
VCCIN
VCCSET ca iz CQ B
T
EN L2 &
% ool s ——Cc13 D8
SONDI—5 330pF <
g GND | = 30V
——; JPWR.OK PAD @
————— < CUR oK
75— TEMP_OK "
— = - WAKE NG —=— & & & &
11
4 NG
ILIM_ADJ NC ——
SNB5HVD101RGE —
16 GND
4.7k
GND

Figure 18. Power and Data Interface with Protection Circuitry

The 10-Link specification does not require a surge transient test (IEC61000-4-5) because of the limitation
of maximum cable length to 20 meters. However, the use of the design in applications using digital input
or output and with cable lengths exceeding 30 m requires surge testing. The design uses the assumption
that the surge test is the most severe of the three transient test cases. The design also uses the
assumption that the surge test is the test with the highest energy level. Therefore, special care was used
in selecting the right transient voltage suppressor (TVS) as a clamping device.
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SN65HVD101

Specification as in
datasheet (example)

(©)

Line Voltage, transient 4 50V ——
pulse width < 100 ps
Line voltage,
e + —

steady state B e T\ e

—— 30V —o
Nominal Supply
Voltage Range

Calculated VCL based on
application specific
pulse current, waveform
and temperature

® 1PP_app = 2A, 8/20us

—

®

©

VCL_appl

— max 46.4V @ 150°C —

VCL_appl

— max 38.4V @ 25°C —

SMAIJ30CA

—

Specification as in
datasheet (example)

max 64.3V

@ 36A, 25°C

PPP = 2.3kW for a
8/20 ps pulse

max 48.4V
@ 8.3A,25°C
PPP = 400W for a
10/1000 ps pulse

L

typ 35.1V @ 1mA, 25°C
min 33.3V @ 1mA, 25°C

J

@) —— 30V, 1yA @ 85°C ——

VCL Clamping voltage for a specific
short circuit current pulse waveform @
@ a specific
> [ peak pulse current (IPP) Q)
based on peak pulse power (PPP) ®&
IPP = PPP/VCL (7)
[J ambient temperature (TA)

VBR Breakdown voltage @ a specific
[ leakage current (IR)
[T ambient temperature (TA)

VRM Stand-off voltage leading to a
maximum leakage current (IRM)
@ a specific temperature

Figure 19. SN65HVD101 Device and SMAJ30CA Device
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In order to choose TVS Diodes appropriately, three requirements must be satisfied:

1. VRM, the TVS' stand-off voltage @ (the voltage when the TVS does not conduct) must be greater than
or equal to the transceiver’s maximum signal and supply voltage of 30 V @ to prevent the TVS from
conducting during normal operation.

2. IPP, the TVS' peak pulse current @ at the short circuit pulse waveform @ must be greater than the
application-specific peak pulse current IPP_app ®. The open circuit voltage of the combination wave
generator (surge generator) and the impedance of the generator and the coupling device determines
the application-specific peak pulse current IPP_app ®. Most TVS' specify the IPP for a 10/1000 ps
pulse only. However, the pulse used for the surge test is mostly an 8/20 ps pulse. In this case, the
pulse rating curve in the datasheet can be used to derive the peak pulse power PPP ® for a specific
pulse width of 20 ps. IPP can then be derived @ by dividing the PPP by the estimated clamping
voltage VCL at this IPP level. The VCL for an 8/20 ps pulse will be much larger than the VCL for the
10/1000 ps pulse. It is recommended to contact the TVS manufacturer when estimated values are
used unless there is a large margin between IPP and IPP_app.

3. When the TVS conducts and becomes low-impedance to shunt the surge current to ground, the TVS'
application-specific clamping voltage VCL_appl ® must be lower than the transceiver’'s maximum
transient stand-off voltage ® of £50 V. To obtain the application specific clamping voltage, the TVS’
VCL needs to be reduced according to the reduction of the TVS’ IPP to the application specific
IPP_app. Some data sheets provide the differential resistance for the specific pulse waveform, which
helps greatly to determine the reduction of the TVS’ IPP to the application specific IPP_app. If
differential resistance for the specific pulse waveform is not supplied and if there is not enough margin,
the TVS manufacturer should be contacted. The VBR and VCL voltages in the TVS' data sheets are
often given for an ambient temperature of 25°C only. Because those voltages usually have a positive
temperature coefficient, the VCL values need to be corrected accordingly to ensure that requirement 3.
is fulfilled even at the maximum ambient temperature of the application specific case and under the
conditions of multiple repetitive surges which heat up @ the TVS. The temperature coefficient is given
in most data sheets.

For the special case of this small size 10-Link device design, a 1.2 us/50 us 1 kV pulse applied by way of
a 500 Q impedance has been considered according to IEC 60255-5. The resulting peak current through
the clamping device (TVS) is then roughly 1 kV / 500 Q = 2 A . The SMAJ30CA device is a bidirectional
TVS and fulfills the above mentioned requirements by clamping voltages with both polarities. The
SMAJ30CA device has a stand-off voltage VRM of 30 V, a minimum breakdown voltage VBR of 33.3 V,
and an application specific clamping voltage of roughly 46.3 V at the 2-A current level and at a junction
temperature of 150°C.

In case of other end applications, the more severe requirements of IEC61000-4-5 (using coupling
impedances of 40 Q + 2 Q) may be applicable. The open circuit voltage of this surge pulse has the same
1.2 us/50 us double exponential waveform, resulting in an 8/20 s short circuit current shape of the
combination wave generator used in this test. The reduced 40 Q + 2 Q coupling impedance (compared to
the 500 Q) increases the peak current at a 1 kV surge level to roughly 1 kV /42 Q = 23.8 A.

D4 provides an additional level of reverse polarity protection. While the SN65HVD101 device can
withstand negative voltages up to —40 V (in steady state) and up to =50 V (transient) as expressed
previously, the diode avoids the supply voltage bypass capacitor C10 being discharged during a negative
pulse. The diode enables that the design will recover much faster from such a negative surge event.
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5.3 Front-End Design
For guidance on designing the input filtering of the ADS1220 device, please refer to its data sheet [7].

5.4 Design Your Own Sensor Application
54.1 Hardware

5.4.1.1 Connecting Your Own Sensors to the I0-Link Demo Board

The design of the IO-Link Demo board is to either use the on-board circuit for connecting RTDs or connect
your own digital sensors using the SPI/I?C interface from the MSP430FR5738 device. The SPI/I’C
interface uses the eUSCI_BO Module of the MSP430FR5738 device. In synchronous mode, the
eUSCI_BO connects the device to an external sensor by way of three terminals: UCB0OSIMO, UCBOSOMI,
and UCBOCLK. In I°C mode, the eUSCI_BO module provides an interface between the MSP430FR5738
device and I*C-compatible sensors by way of two terminals: UCBOSDA and UCBOSCL. To connect other
sensors, you need to break away the part of the board with the ADS1220 device (see Section 5.4.1.2).
After breaking the ADS1220 board, the eUSCI_BO terminals are available on the board for connecting
digital sensors by way of SPI or I°C.

5.4.1.2 Break-Away Board Options

Beyond the flexibility of the built-in front-end, the PCB was also designed to offer two different places
where the signal chain can be interrupted, thanks to break-away sections that interface in-house designs:

Hardware Options (Break-out)

The Tl Design is a complete 10-Link sensor solution with the analog front-end including a potentiometer
and push button to simulate an actual sensor.

For evaluation purposes the user has two additional options by removing one or both break-out sections.

CAUTION

Please be careful breaking off the break-out sections. Due to the small form
factor and small trace width, it is recommended to use a saw to remove the
sections rather than breaking them away.

1. 1. Break-out |
(a) Removes the push-button and the potentiometer

(b) J2 can be used as the sensor interface in 2-, 3- and 4-wire mode (see Figure 20 - Analog Front-
End)

2. 1. Break-out Il

(a) Removes ADS1220 and the input filtering

(b) The user has now access to the soldering pads (see Figure 17 - Functional Sections of the PCB)
() Pad1:CS
(i) Pad 2: CLK
(iii) Pad 3: SIMO
(iv) Pad 4: SOMI
(v) Pad5: DRDY
(vi) Pad 6: SW
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2-, 3-, 4-wire configuration:

2-wire: R4=0R; R12=0R
3-wire (default): R4=DNP; R12=0R
4-wire: R4=DNP; R12=DNP

Connector J1

U1 can be used for 2-,3- and 4-wire
connection of a separate sensor.

2-wire: Use PINs 2 & 3
3-wire: Use PINs 2 & 3/4
d-wire: Use PINs 1/2 & 3/4

NOTE: break-out section 1 should
be physically removed

1
BREAK-OUT I |  BREAK-OUTII
1
1
1
1
1
i - P P > REFFP{)
: L _‘L
i C1
! 1800pF
1 <
| :324k [lono L g,
! 0.018uF
! c3
| 1800pF
1
I D8P
1
1
! il
1
f ND
1
1
‘ . 2 §- AlNT
) 21k l >
i 4 cs
: . 2700pF
| [reno
iro LR10 I TR mnzmr
3300 3 i
500 Ohm ! 2700pF
H R > AINO
. 412
1
D
1| 2 i LR12
| 20 < AIN3
' ZHCS350TA
Lo, H D2
s1 i (T
CAS-120TA ? ZHCS350TA
1

Figure 20. Analog Front-End Schematics
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54.2

Software Update

For MSP430 Firmware updates, Code Composer Studio is recommended. Code Composer Studio™
(CCstudio) is an integrated development environment (IDE) for Texas Instruments (TI) embedded
processor families. CCStudio comprises a suite of tools used to develop and debug embedded
applications. It includes compilers for each of TI's device families, source code editor, project build
environment, debugger, profiler, simulators, real-time operating system and many other features. The
intuitive IDE provides a single user interface taking you through each step of the application development
flow. For Programming and Debugging the MSP430FR5738 implements an Embedded Emulation Module
(EEM). It is accessed and controlled through either 4-wire JTAG mode or Spy-Bi-Wire mode. On this
Reference Design the Spy-Bi-Wire mode is supported only. For more details on how the features of the
EEM can be used together with Code Composer Studio (CCS), see Advanced Debugging Using the
Enhanced Emulation Module, (SLAA393). The 2-wire interface is made up of the SBWTCK (Spy-Bi-Wire
test clock) and SBWTDIO (Spy-Bi-Wire test data input/output) pins. The SBWTCK signal is the clock
signal and is a dedicated pin. In normal operation, this pin is internally pulled to ground. The SBWTDIO
signal represents the data and is a bidirectional connection. To reduce the overhead of the 2-wire
interface, the SBWTDIO line is shared with the RST/NMI pin of the device. For Programming and
debugging purposes the SBWTCK, SBWTDIO, VCC and GND from the Debugger needs to be connected
on J1.

R4

—'VW—{VCC

RST/NMI/SBWTDIO
TEST/SBWTCK

12
"
25 !
QFN PAD VCCF
e X
Dvss

GND GND

Figure 21. JTAG Connection (Pin 1 is Marked on PCB)

With the proper connections, an MSP430 Debugger Interface (such as the MSP-FET430UIF, see [13]) can
be used to program and debug code on the Reference Design.
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54.3 Power During Debugging

CAUTION

Special care should be taken during debug to avoid damages due to different
power domain in conflicts (I0-Link power and debugger tools power), read this
section carefully.

The SN65HVD101 integrates a linear voltage regulator, which supplies 3.3 V to the |O-Link Demo Board if
a voltage in the range of 9 V to 30 V is supplied to L+. Normally the MSP430FR5738 is powered from this
3.3V.

If this local 3.3 V supply from the SN65HVD101 is used during debug, make sure VCC_Target pin from
the Debugger Interface is connected to VCC. If there is no local power and power from the Debugger
Interface is used, make sure VCC_Tool pin from the Debugger Interface is connected to VCC and
disconnect VCC_Target pin (see Figure 22 - Signal Connections for 2-Wire JTAG Communication (Spy-Bi-
Wire)).

VCC

MSP430
t
VCC
© VJAV,/DV,,
—

7
L]

47 kQ

NV

JTAG
vcecTooL |, 4 |1RO/TDI ® RST/NMI/SBWTDIO

VCC TARGET | , 3 |—x
X— s 5 =X
% g 7 | TCK
x<—] 10 o [ END
X— 12 1M1 —X
X—1 14 13 —X

TEST/SBWTCK

22nF —— r Vsl AVee/DVs

Figure 22. Signal Connections for 2-Wire JTAG Communication (Spy-Bi-Wire)
View From Separate “Debugger Interface” Board
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6 Software Description

The demo software is a complete implementation according to 10-Link specification V1.1.2 and test
specification V1.1. The IO-Link demo software supports data storage, block parameterization, and device
access locks. The software also shows a high-precision temperature measurement, which is simulated
with a potentiometer. The button on the board can be used to teach upper and lower switch points. For
more information on the 10-Link stack software contact TMG: http://www.tmgte.com/partner/texas-
instruments.

7 Test Setup

7.1 Front-End Test Setup and Results

The Test Setup is meant to measure the analog performance of the front-end. Figure 23 - Front-End Test
Setup shows the setup.

A PT100-Simulator was used as a sensor reference to measure the respective temperature values. The
PT100-Simulator (Type 1049 from Time Electronics) has 23 fixed precision resistors representing the
equivalent temperatures. The tolerances of the precision resistors’ equivalent temperatures (according to
the Callendar-van-Dusen formula) [13] are graphically shown in Figure 24 - Temperature Error versus
Temperature of PT100 sensors (Class AA, A, B) and the PT100 simulator” together with the different
PT100 sensor classes (AA, A, B). It can be seen that the precision of the Simulator is at least better than
the Class A PT100 Elements and similar to Class AA. Figure 24 shows an overview of the provided
Temperatures of the PT100-Simulator. It also shows the corresponding resistor values when using the
Callendar-van-Dusen formula. The actual measured resistor values with precision 8.5 digit multi-meter and
the resulting real temperatures are also listed in Table 2 - PT100 Simulations.

With this information the errors contributing from our reference can be minimized which allows a more
accurate system performance analysis.

In order to measure the front-end from each ‘temperature’ 1024 captures were taken after offset and gain
calibration of the ADS1220. Those values are stored inside the MSP430 memory and can be read using
Code Composer Studio.

A Matlab script is being used to provide for each temperature data-set a histogram, including Mean value
and Standard deviation.

Figure 25 shows the temperature error for the 23 temperature measurements. For this plot, the mean
values were taken and compared to the “Equivalent Temperatures of the PT100-Simulator” listed in
Table 2 - PT100 Simulations. Figure 24 compares this error to the different PT100 sensor classes.

PC
MSP- UsB Code Composer
PT100 FET430UIF Studio
Simulator Matlab

Type 1049

Power Supply

3-wire
configuration

Figure 23. Front-End Test Setup
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Tolerances of PT100 Sensors and PT100-Simulator

4.5

3.5

Temperature Error [deg C]
N
o
T

I
Class AA
——— Class A
——Class B M
PT100 Simulator

0
-200

Figure 24. Temperature Error

400
Temperature [deg C]

600

versus

800 1000

Temperature of PT100 Sensors (Class AA, A, B) and the PT100 Simulator

Table 2. PT100 Simulations

Corresponding
Resistor Values Measured resistor Equivalent
Temperature [°C] according to values (8.5 digit multi- | Temperatures of the Temperature Delta
Callendar-van-Dusen meter) [Q] PT100-Simulator [°C]
formula [Q]
—200 18.520 18.583 —-199.854 0.146
-100 60.256 60.309 —99.870 0.130
-50 80.306 80.352 —-49.885 0.115
-20 92.160 92.166 -19.984 0.016
-10 96.086 96.099 —9.967 0.033
0 100.000 100.043 0.109 0.109
10 103.903 103.939 10.094 0.094
20 107.794 107.833 20.102 0.102
30 111.673 111.707 30.088 0.088
40 115.541 115.568 40.070 0.070
50 119.397 119.419 50.056 0.056
60 123.242 123.312 60.183 0.183
80 130.897 130.935 80.100 0.100
100 138.506 138.610 100.276 0.276
150 157.325 157.411 150.229 0.229
200 175.856 175.877 200.057 0.057
250 194.098 194.088 249.972 0.028
300 212.052 212.063 300.032 0.032
400 247.092 247.087 399.985 0.015

24 Turnkey 10-Link Sensor Transmitter

TIDU259B—April 2014 —Revised October 2015
Submit Documentation Feedback

Copyright © 2014-2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDU259B

13 TEXAS
INSTRUMENTS

www.ti.com

Test Setup

Table 2. PT100 Simulations (continued)

Temperature [°C]

Corresponding
Resistor Values
according to

Measured resistor
values (8.5 digit multi-

Equivalent
Temperatures of the

Temperature Delta

Callendar-van-Dusen meter) [Q] PT100-Simulator [°C]
formula [Q]
500 280.978 280.986 500.026 0.026
600 313.708 313.715 600.022 0.022
700 345.284 345.363 700.256 0.256
800 375.704 375.716 800.040 0.040
Temperature Error
0.07 I
——+— Measured Error
—— max Error: 0.065478
0.06 i
0.05[ .
&
o
3
= 0.04F i
g
i
e
E 0.03 .
£
<
0.02 =
0011 ‘/\ i
0
-200 0 200 400 600 800 1000
Temperature [deg C]
Figure 25. Temperature Error Between the Mean of 1024 Measured Data Points and
the PT100-Simulator’s Provided Temperatures
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Temperature Error
5 T
—+— Measured Error
max Error: 0.065478
45 Class AA M
— Class A
—— Class B
4r —— PT100 Simulator
3.5 i
= )
£ 3t .
5 L
E A
25+ 5
g 7
T )
g 2t g .
g S
L
1.5F E
1 = ik -
0.5F s
0 — e ——
-200 200 400 600 800 1000
Temperature [deg C]
Figure 26. Temperature Error of the Tl Design Compared to the Tolerance
of the Different PT100 Element Classes
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7.2 10-Link Test Setup
For IO-Link test setup documentation please refer to the separate document [8].

Figure 27. 10-Link Transmitter Design Test-Setup with PT100 Simulator and Balluff IO-Link Master

8 Test Results
For test results documentation please refer to the separate document [8].

8.1 IO-Link System Test Results

For test results documentation please refer to the separate [8].
9 Design Files

9.1 Schematics
To download the Schematics, see the design files at TIDA-00188.
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Figure 28. Full PCB Schematics
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9.2

Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-00188. Table 3 shows the BOM for
the Turnkey 10-Link Sensor Transmitter.

Table 3. BOM®

— Alternate
. . - ackage
Designator | Quantity Value Description Reference Part Number Manufacturer Part N
Number
CAP, CERM, 1800pF, 0402 GRM155R72A182KA01D MuRata
L es 2 1800pF | 100y, +/-10%, X7R, 0402
CAP, CERM, 0.018uF, 0603 C0603C183K1RACTU Kemet
c2 1 0.018uF | 100y, +/-10%, X7R, 0603
CAP, CERM, 0.22uF, 6.3V, | 0402 GRM155R60J224KEQ1D MuRata
C4,C5 2 0.22uF +/-10%, X5R, 0402
CAP, CERM, 2700pF, 0402 GRM155R72A272KA01D MuRata
ce, C8 2 2700PF | 100V, +/-10%, X7R, 0402
CAP, CERM, 0.027uF, 0603 C0603C273K1RACTU Kemet
cr 1 0.027uF 100V, +/-10%, X7R, 0603
CAP, CERM, 4.7uF, 6.3V, 0402 C1005X5R0J475M050BC TDK
Co, C18 2 ATUF 1 1720%, X5R, 0402
c10 1 2.2UF CAP, CERM, 2.2uF, 100V, 1210 GRM32ER72A225KA35L MuRata
: +/-10%, X7R, 1210
CAP, CERM, 0.1uF, 100V, 1206 12061C104JAT2A AVX
C12 1 OLuF | ) 59%, X7R, 1206
CAP, CERM, 330pF, 100V, | 0402 GRM155R72A331KA01D MuRata
c13 1 330PF | 1) 109%, X7R, 0402
CAP, CERM, 0.47uF, 6.3V, | 0402 GRM155R60J474KE19D MuRata
Cc15 1 OATUF 1 11 10%, X5R, 0402
CAP, CERM, 0.1uF, 6.3V, 0402 C1005X5R0J104K TDK
C16, C17 2 OIuF | 17109%, X5R, 0402
Diode, Schottky, 40V, SOD-523 ZHCS350TA Diodes Inc.
b1, D2 2 40V 0.35A, SOD-523
D3 1 Yellow LED, Yellow, SMD LED, LY L29K-J1K2-26-Z OSRAM
1.3x0.65x0.8mm
Diode, Ultrafast, 200V, 1A, SOD-123 RFO71M2S Rohm
D4 1 200V SOD-123
D5 1 Green LED, Green, SMD 1.7x0.65x0.8mm LG L29K-G2J1-24-Z OSRAM
D6, D7, D8 3 30V Diode, TVS, Bi, 30V, 400W, | SMA SMAJ30CA Bourns
SMA
M12 Socket, 4Pos, TH M12 Conn 09 0431 212 04 Binder-Connector
J2 1
D12x14.3
3 1 Header, 4x1, 50mil, R/A, Header, 50mil, 850-10-004-40-001000 Mill-Max
SMT R/IA,SMT
R1, R3, R7, 4 4.12K RES, 4.12k ohm, 0.1%, 0603 RG1608P-4121-B-T5 Susumu Co Ltd
R11 . 0.1W, 0603
R2 1 3.24Kk RES, 3.24k ohm, 0.1%, 1206 PFC-W1206R-12-3241-B TT Electronics/IRC
) 0.333W, 1206
RS, R6, R8 3 47 RES, 47 ohm, 5%, 0.063W, | 0402 CRCWO040247R0JNED Vishay-Dale
0402
R9 1 300 RES, 300 ohm, 0.1%, 0603 RG1608P-301-B-T5 Susumu Co Ltd
0.1w, 0603
TRIMMER 500 OHM 3.52x4.16x3.94mm | 3223W-1-501E Bourns
R10 1 500 Ohm 0.125W SMD
RES, 0 ohm, 5%, 0.063W, 0402 CRCWO04020000Z0ED Vishay-Dale
R12 1 0
0402
RES, 820 ohm, 5%, 0402 CRCWO0402820RIJNED Vishay-Dale
R13, R14 2 8201 0.063W, 0402
R15 1 47k RES, 47k ohm, 5%, 0402 CRCWO040247K0JNED Vishay-Dale
0.063W, 0402
R16 1 4.7k RES, 4.7k ohm, 5%, 0402 CRCWO04024K70JNED Vishay-Dale
. 0.063W, 0402
s1 1 Switch, Slide, SPDT Switch, CAS-120TA Copal Electronics
100mA, SMT 5.4x2.5x2.5mm
S2 1 Switch, Push Button SMD 2.9x2x3.9mm SMD | SKRKAEEO010 Alps
Low-Power, Low-Noise, 24-
Bit Analog-to-Digital
Ul 1 Converter for Small Signal RVAO0016A ADS1220IRVA Texas Instruments None
Sensors, RVAO016A

@ Unless otherwise noted in the Alternate Part Number and/or Alternate Manufacturer columns, all parts may be substituted with

equivalents.
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Table 3. BOM® (continued)
. Alternate
. . - Package
Designator uantit Value Description Part Number Manufacturer
& e y b Reference a3t Manufacturer
Number
10-LINK PHY for Device
u2 1 Nodes, RGBOO20A RGB0020A SN65HVD101RGB Texas Instruments None
24 MHz Mixed Signal
Microcontroller, 1024 B
u3 1 SRAM and 17 GPIOs, —40 RGE0024G MSP430FR5738IRGE Texas Instruments None
to 85°C, RGE0024G
CAP, CERM, 330pF, 100V,
Ci11 0 330pF +/-10%, X7R, 0402 0402 GRM155R72A331KA01D MuRata
CAP, CERM, 2200pF, 6.3V,
Cil4 0 2200pF +/-10%, X7R, 0402 0402 GRM155R70J222KA01D MuRata
Header, 4x1, 50mil, R/A, Header, 4x1, "
J1 0 TH 50mil, RIA 850-10-004-20-001000 Mill-Max
0,
R4 0 0 gfosz 0 ohm, 5%, 0.063W, 0402 CRCWO04020000Z0ED Vishay-Dale
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9.3 PCB Layout and Component Placement

9.3.1 Component Placement
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Figure 29. Top Layer View
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Figure 32. View of the 10-Link Transmitter Design (Bottom)
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9.4 Altium Project
To download the Altium project files for each board, see the design files at TIDA-00188.
9.5 Gerber Files
To download the Gerber files for each board, see the design files at TIDA-00188.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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