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FRRYFEOT Y ) 0P - OEFEOEYNC DN T, KEEE 72137 OMIE I X 02 AT UREOMM £ 72 T A IR & 72135
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www.ti.com IO-Link Device — System Description

2 |O-LinkT/N 1 X - X LEHER

ZOTHA Vi3, UTOFEREZHNE UTER I THET,

o [0-Linki#if§ D~ 2 # Bg 4 3 <ICFIHTTEE (IODD ORI 68 % 2HH) o

e TUANK LU TS as AN EIO-Link®D ~ 2 2 HHE T3 <IZHEAHD THE,

o BEfEt > 9 % PCBIC i HLIZH4E il RE,

e BHFr—v,. BN, BXUI UV a—F 4 Y IDF =Ny P2k, XN BPCBTHED 71 + 2 4 ¥V Z A [HE,

o 10-Linksd & & B/ ESD/EMCHIFI O 25 L. 2k h 20N B XL A 7Y -7 7 4 L& BBIZL U TRARRIZ
AT E,

3.3V from Internal LDO

1/O Link

Serial - Protection
SN65HVD101

- (TVS etc.)

ADS 1220 MSP430FR5738

* Break-away sections for easier prototyping

B 1.10-Link F 7Y 23 o ZOE( 2T 4 - Ty 7[X)

2.1 O-Linkf > 2—7 114X

ZOTHA I, BEICKREEEADIO-Link PHYB XU Z 4 v 7B EEFN T ET (B LK UR2)25H), £/, 6mmliED 7 + —
LT 7o AEMHHLTOET EHEOMI22 22 2 L HiR), 3203 v E—3 Y FFRTAHMFEH LT, 10-Link7 /54 2D % 3
SIZHIATE S LHI295Z L A2HMELTOWET,

2.2 10-Linkt>HAA

ZOTHA VIZiE, LG EhT0ET,

e KF Vv a A= : A—HF -3 ZhEfHHLTT I ANOZEEY I 20— L, [0-Link¥ A # IZH# R 2 2Rl RE.

o EREEEICPT ¢ FRUCKRIEDTRE (T4 — 7 24 9 FTHEIR .

e Tyva-RKav i 2-F-FIhaEHHLTT V2 NANOZENE S I 2L — b L, 10-Link~v 2 2125558 % RoRmlhE,

e IFU A 1 24Ey FA/DA Y N—=H(ADC) (ADS1220) ERTFT V¥ a A —HORMIZEE S, 7F a2yt 3 &2 ESICETH.
o ANy & PAFOB TIPS AL TMEO L Y HIZHEHISA Y 4 — T 2 4 ZADHE,

2.3 BERIh/-HEEERE

VAT LTIELFOICEHHL TV E T,

* SN65HVD101 : TIO-Link/ YZ~\D 4 ¥ 4 =7 = 4 2 & U THEES 2 M TH 0. OSI®E T LD sYERE (PHY) D4 K —
o BEOY 2T ANOMMOEFICEEAEGET 2R Fe v 777 b L ¥ 2L —2(LDO) &1,

« MSP430FR5738 : #lAIAADFRAM (Ferroelectric Random Access Memory) AEFEVEA ) 2 A 72754 27 7 3 ) OHLE,
ThD. 74— FEH I LV T LD 720 OME ORRE % 21,

e ADS1220: v 4 2 (MCU) 25D — F/¥+ 2 JHIZSPI (Serial Peripheral Interface) % fi 2 72{%78 JJADC,
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3 |O-Link1 > 2 —7 11 ADEE

EE NO-LinkTNA X7 AT 1 ha—h o BETIHEICH/ILIOEIIC. ST TIEHIOLinkf > 4—T7 14 AOBBEEBMEETRL
TWET, COHOARIE., SEXBMNDIDERLEEhZ3BDTIRHYEEA, 7OV 7 NOMBEEIFZT LKL, 5
EDSEXBMEFEFERAL TS0,

[I0-Link™i%, EEEMA - A=Y avBIUHET 7)) r—ya v ofiflahs, ETKIZA ARV by — R4V T

o F 3L (IEC 61131-9& L THE#E(L) TF,

I0-Link T3, v 22 MW EBOF— b &b, K8 - MIEHEOFNA 22 EHETX 5 EWBEICHE XN THETH, ZOFFa

AV NI, BRAELS K- N EWSHEAEAY AL K- LS BHAEMT. v 22 E TN, A0 E LTE K

L9,

31  10-Link®O#EaRI 4

I0-LinkZ % 27 2 D ¥ VdiE X, IEC60947-5-2 [4)i23D &, 10-Link Interface and System Specification v1.1.2 [1]THE & 7= 4k
EoMA SN TOEY, K212, 2070y s PAISGERIWAMI2T 27 2 OB /R LT (45 5 DHR) .

8 min.
t=—©6,5 + 0,2—=
3 max.
501 /@
| 21,00 £ 0,03 ¢
TYP. 4 PLC
A
+0,10
1,65 0
0
10,5 03 M12,0 x 1
+0,10
R4,40")
4
2 55+0,10 5,5+ 0,2—=
7o
0 —NOTE 2
72 5, —
Sealing face ~—=f

A1 ECORAMNESSVESH) EE A,
A2 BENLGHBACERY . ACEEX A v F TIREMI2OKH 1) I21/2" -20UNF-2A%ERT 3 2 & FFRId 7,
A3 VI REERA v FDGE. RET-X - EZBERBLET,

2. M1204Y Vit 1+ 2 4 (IEC 60947.5.2 CEF)

(1) 10-Link™i3. 10-Link CommunityDFEZETT, ZDIEHIE. COEBEREEFERATII—V-DFEEDLHICREINZHDOTHY ., BEREES LV ZOH
IS TRIECHKBEEKRTIDDOTUEH N EEA, ZOMBIBADEMIZELT, 10-LinkMDEFOTDERIZABTIESH)EE A, 10-LiInkMDESFOT %
{FEHT 521, 10-Link Communityh 53] # B2 LEFH V) T, [1]
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Introduction to the 10-Link Interface

31z, fxmEE LS (125 DHF .

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 SIO/SDCI Standard 1/0 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 M12 is always a 5 pin version on the Master side (female) .

Used for this project

Class A Class A
4 3
Male
(Device)
1 2
M12 connectors
M5 are A-coded
according to IEC
3 4 61076-2-101
Female
(Master)
1
M5 M8

3. M124 DL 4 7w b ERLE

M -T, BAEOTa Y 2 7 M TCRE— DI FAAER ST EFHL TOAZ EICEB LT EEN,
F=7LTHREIN, 20mDIRAE, BIUBMETIRAEMERAEEMHES 0T,
3.2 |O-LinkT/N\ 1 ADE

[I0-Link 7734 2(2 7 ZA) 1%, L+7 4 ¥ » 5EBEIEE S, 18~30VOEE (112 2H) > 5 Rk Kk200mAZHE TE 4 GElZ
112 20), 10-Link7 /54 213, BIEPI8VD AL v ¥ 3 )L FAEMA TH 5300ms AP FFEIRE L 22 2 MR H D £ (1122H),
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3.3 |O-LinkD@E(EfE

[I0-Link®DfFI2iE, 22D0F—F 2504, 12HDOE—-FIE, Ny o7y TOHEMHNT—FTHD, IEC61131-2 BIHE Sh 5%
HEI/0 (SIO) E— R D% HIEAERLTWE T, 22HDE—FIZ, (1 TEBZINZNIT ARG (SDCD IS LTH L EFR XN 7T
E— 1T, K4 alEsRLET (UBLUBDSDOHR .

L+ Pin | Signal | Definition Standard
1 L+ 24V IEC 61131-2
DIID 1 o | 2 1/Q Not connected, DI, or IEC 61131-2
o2 e2 o5 0 2 DO
4.8/38.4/2304kbps |3 | L ov IEC 61131-2
4 Q "Switching signal" DI IEC 61131-2
SUuuu (<10)
C "Coded switching" IEC 61131-9

(COM1, COM2, COM3)

4. SIO&SDCI (IEC61131-9&1EC61131-2)

SIOE— F & SDCIDMDYI Dz 1Z, v XA X2k > THAX N E .

TALNE, TN AT 2 ATy T AV Y FERITLET (CQT 4 ¥ %80usiZh 7z -5 T500mALL | (IQPKHM) TRE#&(1) ., 7
A Z1E. 500us(TREN) PIN CHifg D¥Efifi 258 T3 2 BERH D £ 7,

YA 27Ty TERK (WURQ) D%, 7 X ZIIIFMTREN [1O., 7354 ANA =T NICEZD5[FbEd, 20K, v A4
FTAP Ay t=YVMY =V Z-4470)%%FTHIELITKD, FNNAZATHR—F XhBRARRBL — F O 2ikA 4. ¥
MzonTi&, 3321 [F—4 -V VIR LTL Z X0,

Y x A 27y TORMTITHNT, WENEML 2255121, 7754 21360ms~300ms (TDSIO [1) OEFHEFEATSIOE — FIZRD £9,

TWENRINL8E81E, 7L — L BETEITEhE T,

331 HEE

3.311 N4 7

VAR, TN AT 2 AT 9T AV FERITLET (CQTA ¥ %80usiZb 7z - T500mALL b T4 IQPKHM) (1), 7
A 21, 500us(TREN) DIN CH#lifg D¥Efifi 258 7§ 2 BERH D £ 7,

VAP EDFKIE. YA ZNCQT A Y ETHEITAERY — P AT/ ABRMTES L SIZ. CQI A Y ET /A A5 DK
B L WOEIHET B Z e Thrbhkd (X5&2 ),

SIO Mode f v Wake-up request Ready to communicate
|
1
1

1
Device output ! @& ! b)

Q =low ' ‘ undefined
1 I
1 I
1 I
I I
= j‘ i
Q = high ' undefined
|
1 T
|
[ —>|

High impedance, low level

High impedance, low level

N
»

TREN

5 %A 27y TER
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33.1.2 3EE - TN

AEE, 118y QX4 =¥y b +8Ey b-F—=& + 18y b+ F 4 +1 STOPY v I) THEK X 2 UART (Universal
Asynchronous Receiver or Transmitter) 7 L — A2 &k > Tirbhi 7,

£ZY v ME, CQI A v L THMZNRZ (Non-Return-to-Zero) Z i L Tk fE 9 Gl ‘0" 13CQEL-D D24V,
1ZCQEL-DHEDOV) .,

BE oy N OEGEIFBIIREL — N XA RIS TREINBET AL Ayt =V ETFNA ZATHRIETE 3RADREEL — MNitk-
TEHFEINET, KeBXOKIZTA - 44705 L%RLET,

ELEL

b tao t tho
l— e — e
p— e —
VIH Lo i bl |
D'“\A/rAX ““““ s SN A E (e I R
DM \E—/ i ______ j___i___i____i _____ | VROHp v max
| 1 N | |
. . [ [ 1 1
Detection 'H' ! (. I
VTHH vax — l L v VTHHyn
T I i ST T T T
VTHL yax 1o i i VTHL
_____________ ! A T A
i 1) ' i : Detection 'L’
VRQLpmmax ! i i
| .l
VILD‘MMIN____ ____‘II-____I _i _____ i_JI- _______________
o i
tor
’ Tarr e Tair R
BT 1) = LiRiAL.2) = HREELTT,
Re6. ‘H HLC” L MHO7A - 447574
TatP .
0’: start bit P ST="1
Start Stop
Bit n=1 Bit n=2 Bit n=3 Bit n=9 Bit n=10 Bit n=11
Tair Tair
CQ VTHH | | | |
VTHL ]
_ y
L— >
(2-NTgr (B-NTgr (10-nNTgr (11-NTgr
(1-8)Tgir (2-8)Tgir (3-8)Tir (10-8)Tgr (11-9)Tgr

R 7. UART7 L — L DIEMESHRED T A - 44 75T 4
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332 FT—aULUE

3.3.21 ZEfETL—AL4

YAREZNIZEEMN T ENZT A 2 EDOB ORI, [1ITEHRIIEZ “Avk—U - v =Fr Vv 2A(MY —r v X) K" (tM-
sequence) EFHENBEE A7y ¥ 2 — L TEITEh E ¥, K8IZHRFARL 9,

Port
(Master)
: i - :

1

t

: b s
Device : :
: : : i

Gy

.4— —»2
2 2

.4— :

tM-sequence

B8 My—rvz2nar43Ivs

3322 ¥EL—bOxIPI-Y3ar

WURQD#%., ¥ ZAZIIMY =7 V ZATYPE OCT A A vt —VERELET, 754 Zd. TNEMFHETE 4. tALNIC
VAL ETAVENRH D T (M9k LUK10%ESH) .

TREN
I
]
WURQ Master
I start-up
Master T 1 -
:<—>!
TDMT TDMT DMT

—)

—
coM3  com2 com1 i
evice
II- start-up

o %EL—b - xTLT— 3 v ORI

SIo

Device

WURQ WURQ
i i
I I
i i
! COM3 COM2 COoM1 !
I ]
I I
<lle ! No response H
Device ' ' >
o
E Towu o
10. EfFV— b - ATV T -2 3 VOB
8 Turnkey 10-Link Sensor Transmitter TIDU259B-April 2014-Revised October 2015
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3323 FT—4-ULCIEDHY—EZR

BEMHELEND L, w22 LT 2, RUITRENBE Y —LERIIT A TEET,

KL IZLABLOTNA AN —EZHID YT

SERVICE NAME MASTER DEVICE
DL_ReadParam R |
DL_WriteParam
DL_ISDUTransport
DL_ISDUAbort
DL_PDOutputUpdate
DL_PDOutputTransport |
DL_PDInputUpdate R
DL_PDInputTransport |
DL_PDCycle | |
DL_SetMode R
DL_Mode | |
DL_Event | R
DL_EventConf R
DL_EventTrigger R
DL_Control I/R R/1
DL_Read R |
DL_Write R |
Key (See®®@)
| Initiator of service

R
R
R
R

R Receiver (responder) of service

M) 1 (LB L)Y —EX %R
(2) R: (EDED 5 D)% —EX &2E(EE)

TIDU259B-April 2014—Revised October 2015 Turnkey 10-Link Sensor Transmitter 9
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333 7FFUr—alriE

BEMEINDIE, w2413, MIUIRTES IS, FHAAZOT7 ) r—3 3 VEOKE S LY — 272 2T %7,

Technology specific application (technology parameter, diagnosis, process data)
Parameter Manager (PM) +—> Data Storage (DS) Event Dispatcher (ED) | | Process Data Exchange (PDE)
= 5
= s 8 &l e
° © 2 € g 8 8 S,
Q = =
o 5 I . X I DI/ DO
< < << < < << < < <
=| & On-request Data
=l 2| g g| & q_ AL Proce_ss Data
3 2| 3| 8| &f @ objects objects
ol 8] 2| ©| 3| B
21 5| 8| g| g| s -
AREEEE s | 2 2
gl 8| g| 8| &| ¢ . 5 2 2 |5<| ¢
S|l & 3| 8| &| & 2 |e 25|32 2 5| 5. s |a5| &
| | | | | | Qe "E (/)Q ) o > > 0 og [aly-R [a]
s| s| s| s| s| s rs|3g] 22|12¢] O al O oag|ag a
0wl ol nl vl nln _ll‘cﬁ _||B _JIE '8 ! e B _||Q !
oo |l o OF| O [a) [a) (ol [ag) [al a
) On-request Data Process Data
Line handler handler
Handler
2]
= DL-B
DL Read OElel 2= 2| & bLa
DL_Write ) | ala ol ¢ o a
Device 1 O|oy aolu o o
System - '
Y DL_Mode DL-mode MHInfo Message
manage- handler :
ment | handler
1
1
' slo:
PL_SetMode.req PL_WakeUp.ind PL_Transfer.ind PL_Transfer.req DI/ DO
Mode switch
_________________________________________________________________ NN SRR T 25
Wake-up Coded switching 1 Switching signal
Physical layer

1L TN 2T TV =2 3 VEDOREE XU - 2

TIDU259B-April 2014—Revised October 2015
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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 10-
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 - # l cQ
TX > Volt Volt.
ﬁmaegz Det:e:g;s
EN N> .
Control| |Over Current| |Over Current
WAKE Logic Timers Detectors
CUR_OK W« 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
* 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)
12 Turnkey IO-Link Sensor Transmitter TIDU259B—April 2014—Revised October 2015
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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
('51368 I§7Bza) 1/0 Ports
Clock [ ACLK 8 KB sYs P1/P2
System (5734, ‘5724) 1KB Boot " Power ; :xg :;gs
SMCLK 4 KB 00 lanagemen x s
> es130 3920y 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 —

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

» 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

TIDU259B—April 2014 —Revised October 2015
Submit Documentation Feedback

Copyright © 2014-2015, Texas Instruments Incorporated

Turnkey IO-Link Sensor Transmitter

13


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

13 TEXAS

INSTRUMENTS
Block Diagram www.ti.com
44 ADS1220
AVDD REFPO REFNO DVDD
10 pAto
1.5 mA ¢ ¢
Internal Reference .
AINO/REFP1 O— Reference | ~ Mux Device
o o— \ oS
AINT O - Digital Filter SCLK
24-bit and
Mux PGA AS ADC > SP| DIN
AIN2 C—» > > 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.

Figure 16. Full System PCB Dimensions

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

[opeypeyepepmpmp—p————
I pwNn e

Figure 17. Functional Sections of the PCB

5.2 Power and Protection Design

The 10-Link device design is powered off the IO-Link interface by way of the L+ (24-V nominal) and L-
(GND) terminals. According to the IO-Link interface and system specification [1], an IO-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.

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.

16
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SN65HVD101

Specification as in
datasheet (example)

(©)

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

steady state B g T e

—— 30V —o
Nominal Supply
Voltage Range

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

® I1PP_app = 2A, 8/20us

—

®

©

VCL_appl

— max 46.4V @ 150°C —

VCL_appl

— max 38.4V @ 25°C —

SMAJ30CA

e

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) 3
based on peak pulse power (PPP) ®
IPP = PPP/VCL ()
[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 TI 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

TIDU259B—April 2014 —Revised October 2015 Turnkey IO-Link Sensor Transmitter 19

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

Circuit Design and Component Selection www.ti.com
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™
(CCsStudio) 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.

RST/NMI/SBWTDIO
TEST/SBWTCK

12
11

25 !

QFNA\F;QESJ = X veet
pvss —L2

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
© V,_JAV,/DV,,
—

7
L]

47 kQ

NV

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

VCC TARGET | , 3 |—x
a3 5 =X
% g 7 | TCK
%<—] 10 o [ END
X— 12 1 —X
X—1 14 13 —X

TEST/SBWTCK

22nF —— r Vesl AVee/ DV

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

O (D\ JTAG
s .

| =

Power Supply

3-wire
configuration

Figure 23. Front-End Test Setup
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Figure 24. Temperature Error

versus

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

Table 2. PT100 Simulations

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]

—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
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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
Figure 25. Temperature Error Between the Mean of 1024 Measured Data Points and
the PT100-Simulator’s Provided Temperatures
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Figure 26. Temperature Error of the Tl Design Compared to the Tolerance
of the Different PT100 Element Classes
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7.2 10O-Link Test Setup

For 10-Link test setup documentation please refer to the separate document [8].

Figure 27. IO-Link Transmitter Design Test-Setup with PT100 Simulator and Balluff 10-Link Master
8 Test Results
For test results documentation please refer to the separate document [8].

8.1 10-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 cs 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
c6.C8 2 27000F | 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
C9, 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 | 4/ 59%, X7R, 1206
CAP, CERM, 330pF, 100V, | 0402 GRM155R72A331KA01D MuRata
c13 1 330PF | 17109, X7R, 0402
CAP, CERM, 0.47uF, 6.3V, | 0402 GRM155R60J474KE19D MuRata
15 1 OATUF 1 11 10%, X5R, 0402
CAP, CERM, 0.1uF, 6.3V, 0402 C1005X5R0J104K TDK
C16, C17 2 O-LuF | 17 10%, X5R, 0402
Diode, Schottky, 40V, SOD-523 ZHCS350TA Diodes Inc.
D1, 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 3.24K 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 st 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 30. Bottom Layer View

Figure 31. View of the 10-Link Transmitter Design (Top)

Figure 32. View of the IO-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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