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Agenda
« Industrial robot overview T MV #1238 AKER

o Definition and classification of industrial robot & X 5432%

o Tl resource in industrial robot application TIZE T VA28 AN & K4k % E
* Industrial robot system analysis, design challenge and Tl solution

TWHLS ARG ST, WEBEE AR TIER T R

o Major modules analysis =2 /4

= Controller 2 il /42 il 2%
= Manipulator/Robot arm HL#4/E /4 4
» Sensors {&

o System consideration % %:% &

= Power solution FJ5
= Functional safety solution IjfE %4
= Communication solution in different modules &l
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Definition and classification & X 542

Definition

ISO 8373:/ & r] LA se 5k 8l), REW LBl Hahish]. EERE. £
Dige. ZHE. RKumdssl e B Z2E3INE3N UL EHBER T ES)
W o

Classification —~
> by Mechanlcal Structure BS54 Roboties
Linear robots Indlushal Ldgistcs S‘grl\?lbe £dical
. SCARA robots TYHLEA LA CEUS TN EIThEA
* Articulated robots _
» Parallel robots (delta) Multi Axis Shuttle Lawn Mower
« Cylindrical robots == ~ ~
N /"~
Others SCARA * AGV ** _E%Eenr]
> by Industrles AT 5 ~ ~ =
. N 5 L_ 7 N
AUtomOt.IVG Cartesian — +Congéal%llc%blnet Shelf Clzzaler
» Electronics N - ~— &
* Metal L~
+ Plastic and chemical products Deita
. . S—r
> by Applications ¥ F43: =
. Weldlng Collaborative_ * SCARA: Selective Compliance Articulated Robot Arm
« Handling operations/ Machine Tending — AGV: Autanomous Guided Vehicle

» Processing
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Tl resource in industrial robot application

> End Equipment Block Diagram/Reference Design/Product Recommendation & 4iHE B2 2% &7 S
«  Factory automation & control T.) [ sh4k 5

+  Motor drives HiAEKzh

L NN

> Technical resources: application note, technical note, blog... 5 A SRS/ N FH SCAY Link
> Tl training & videos 35 I/A14H Link

Featured content

How sensor data is
powering Al in robatics

From traditional industrial

Download (PDF, 1234KB)

Videos

ROBOTIC SENSE
AND AVOID 2
WITH NMWAVE 27

SORS s

E ‘ »cssmsh

P 000 /10

mmWave radar sensors
in robotics applications

Learn more

Download (PDF, 1860KB)

Isolation in industrial robot systems

Optimizing control and
design for industrial
robotics

Download (PDF, 1251KB)

©2000" MCU real-time control: Sensing

Real-time control with C2000 high-performance
MCUs

s b

Tl

AT
ilM

POSITION AND PROXIMITY SENSORS;
FOR INDUSTRIAL ROBOTS

Enabling the next-generation of service robots

Date: April 6, 2019
Duration: 00:52

Modern service robots use various technologles such TI mmWave sensors to help them successfully navigate in their environment and optimize paths.
Position and proximity sensors for indus

A .
L]
VY
Vol va il
al r s °
Date: May 6, 2019
Duration: 17:06 % J '
a(é ®
When designing a robot it is important to choose the correct sensors to en to be amwite of ironment and perform the tasks required.

Enabling the next generation of logistics robots

Date: April 5, 2019
Duration: 01:01

Tl enables designers to create highly efficient logistics robots that can accurately maneuver crowded logistic centers, campuses, retail stores and more
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Agenda

* Industrial robot system analysis, design challenge and Tl solution
TIHLER ARG 1T, WPk PA R TIRR RT3

o Major modules analysis =2 /4

= Controller 2 il /42 il 2%
= Manipulator/Robot arm HL#4/E /4 4
» Sensors {&
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Industrial robot system analysis

Machine Vision

PLALHE

Manipulator
PLERE 1A 1k

Servo drive with angle sensor,
often a gear with additional
angle sensor. Typically no
power electronics

Detect whether someone
enter this area and protect
from accident.

Controller

l

R ) 22
Entire power and signal 1 4
electronics typically here. ’ . J)))))
&= Sensmg

A tool with up to three axis can
be mounted here, e.g. pick &
place, painting (pump), etc.

Teach Pendant
B2

[Program robot, enter

manipulator movement.

Multi-Axis Industrial Robot System Example
EZDIR-INERS
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Industrial robot-Tl system partitioning

Controller i #5 /1% #]28

Industrial robot
communication

Servo drive control
module

Industrial robot sensing

Servo drive control

module - LIDAR

module

Welding
machines

Teach Per

Servo drive position

comro\ solated gale E

Diagnastics / monitoring DC___ o Regenbrake power stage
off input i

m Grid voltage sense
Reclifier

Non-isolate
ACIDC
power . S
supply 3-phase power stage
24V E fGaie driver supply

other rails }

Iw\aled DC/DC main

R
- PIWM &|
FLT
DG link current & voltage  Brake
col

it nuol Temp manitoring
PYM jE | LDO | ‘
EFuse controller —
Gate Ayl
24V Isolated DC/DC hot side  driver
Aux supply
—> -— -
ol
f | oom |
|| Ficgate / hall
Multiple L
Input power i Motor current &
protection Signal conditioning  voltage sense
Highriow side
o =
Holding brake power stage
Grid namic
Connection to sense brake relz)
control module j E it
- i

Dynamic brake pover siage

red interface

o
Digital processing - FAN power stage

Servo drive position

Laser

Brake
resistor
Drivers (6) Compare
UCC23511 - 1-A, 5.7-kVRMS opto-compatible single channel
AG isolated gate driver - New

| motor

senle
Logic Isolated
gates gale drivers
1GET

Fiolding UCCZ3513 - 4-4/5-A, 57-RVRMS opio-compative single
ke channel isolated gate driver

UCC21530 - 4-A, 6-A, 5.7-kVrms isolated duak-channel gate

driver with enable

ISO5452  Isolated IGBT Gate Driver with High CMTI, Split
Outputs & Safety Features

UCC5320 — 2A/24, single-channel
bipolar supply (E) or with split output

olated gate driver for

UCC21540 ~ Reinforced Isolation DuakChannel Gate Driver
With 3.3mm Channel-to-Channel Spacing Option

Logic (12)

-

Fan

design for 200-480 VAC drives with %
ulated input gate drivers

Schematic/Blocl
B Reference guide

-phase inverter reference
opto-&l

[S) View referance design

Three-Phase Inverter Reference Design Using Gate Driver With Built-in
Dead Time Insertion

Basic Isolated Three-Phase Compact Power Stage Reference Design =
for Industrial Drives

Reference design for reinforced isolation 3-phase inverter with current,
voltage and temp protection

small Form-Factor Reinforced Isolated IGBT Gate Drive Reference -
Design for 3 Phase Inverter

Flexible High Current IGBT Gate Driver with Reinforced Digital Isclator ~ +
Reference Design

Isolated IGET Gate Driver Evaluation Platform for 3-Phase Inverter
System Reference Design

Camera

Stereo scope
vision
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Industrial ro

Industrial robot
teach pendant (HMI

Robot Controller Cabinet

Servo drive
power supply module

Circuit Braker

Industrial robot

Manipulator

|
|
1
FAN | Opfional axis Gontroller
1 | depending on gear
1
Robot Controller Servo drive : folding Brake|
Servo drive I T
I t Axis 1
[power stage module| ||
it ;
|
S di 1
!
|
|
1
|
=L |
1
Sy .
I
Servo drive |
| .
lpower stage module| ||f Axis 2

E-stop
Servo drive —_
control panel Servo drive
Servo drive I

lpower stage module| ||

Axis N

Brake Resistor

Pointto-point or

daisy-chain

N is typically

|
|
|
|
1
|
|
1
|
|
1
|
|
|
1
|
|
1
|
1
|
I
T
1
1 Industrial robot
| communication module
|
1
|
|
|
|
|
1
|
|
|
|
|
|
1
|
1
|
|
|
|
|
|
1
|
|
|
|

between 3 to 7

—
Position feedback
aggregator

position feedback
Pointto-point or

daisy-chain

Industrial Robot

Tobplas A

bot controller system

Integrated Servo drive

=

Servo drive ‘
control module

Integrated Servo drive

Robot Controller

Industrial robot CPU
board
Industrial robot
communication module

Industrial robot

10 module

teach pendant (HMI

Servo drive
control panel

Collaborative Robot

PERLEE A

Industrial robot
sensing module

———

Axis 2

Servo drive
position sensol

Servo drive
control module ‘

Integrated Servo drive Holding Brake|

Gear

PMsM Axis N

ervo drive
osition sensor

ervo drive
osition sensol

Servo drive
control module
Point-to-paint or
daisy-chain

between 3to 7

End of Arm Tool
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Servo drive cascaded control topology Z&B&f2 41 #a 3

<—  Position control (~1 -4kHz - 1ms .. 0.25ms)

.e Speed control —I@

Angle i Speed i
reference i reference !

Motion .

Profile ] Position
[Trajectory | Control
Generation] |
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Servo drive cascaded control topology 2 BEF 4R H-Fa 5

( Cold Side Reinforce Isolation

e oy e Boundary

- BRI HR TR R

Motion - v
Profile O Position O Speed Current c | PWM
[Trajectory Y | Control N | Control Control Unit
Generation] I [Field-
I Oriented
Control]
| I [ W | Angle
lasle,lc rrent Sensor
Angle Speed I L e
I “Angle I
| Angle P | Angle feedback
I Sensor IIF | I
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Isolation: Why required? N4 BERE

ThEEFMH: X4y iRk, DIt IRms DL A s Sk ms 25, 9545 4 2 AR v o
ZEFHMH: SELVLAi/NT35VAC, 60VDC. H AT L E Brbr#E IEC 60747 5IEC 61800 .

Customer systems MUST pass. Tl
= Isolators’ safety, EMC/EMI
End Equipment Safety Standards —————————— performance enable

Application International Europe 5. Germany

Organization 1EC CENELEC (EN) uL CSA DIN/VDE
Reference Equipment standard for Low-Voltage Systems 60664-1 - - - -
Industrial 60204 50178 508 14-M91 =
Medical 60601 60601 2601-1 601 750
Telecom 6095 060950/41003 1459 225 804
IT Equipment 60950 60950 60950 60950 60950
S006S 60065 87301 - 860
Motor Drives 61800-5-1 | i E = =
oto Voltaic systems (Solar)] 62109-1 = = = =
Measurement and Control EE sta ndard I'EfEI'S to 61010-1 61010-1 1262 1010 0410/0411
EM Immunity . 61000-4-x
EM Emission EMC/EMI Immunlty CISPR22B

All isolators MUST pass.
: Tl isolators have highest (30-70%)
Semiconductor Component Safety Standards +— margin over competition

Isolator type International Europe Canada Germany
Organization IEC CENELEC (EN) uL CsA DIN/VDE

. - 60747-17
Magnetic/Capacitive Isolator Standards {DRAFT) VDE-0884-10/11
Component DIN-EN-
Optoisolator Standards 60747-5-5 60747-5-5 1577 Acceptance Notice
sA 60747-5-5

Tl isolators meet Specs Tl isolators certified to Tl isolators certified to

some Opto-isolator
Standards

of current Opto- Magnetic/Capacitive
isolator Standards Isolator Standards

?

against electric shock in

guivalent to Double

JRCED
TOR =
—t - ouTx
ENx
GNDI

on provide “remnforced” solation
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UCC23513
AA/5. TKVRMS S 31 75 B 18 18 R 25 M 3K 50 2
ik

PR

SN FRIEIR , SN AR X A S5 DL e P

UCC23513J¢—M4A. 5.7KVRMSt il Hie 7 i i i o 20 sUMH R Bk sh e, (AT 9 J .
P:SO-624% . kB MR IR EN BN ZCR I T 07 B R, R ERA T TG o SRS A e R
(AR B A, A AT AR B AT T S, RS SR AT A 100 T (R 45 o S/ R B R R
D e RALFEIE I AL 10595%5 o SR TAER
o MR, WA, ATEEMEE
o fERZF (> 504F)
LA S A
o RN 5.7KVRMS HUBIE R 2 SR IKZI4  (IGBT/MOSFET/SICs) e ——
o T SIO2MEMRBHA L_ _ Pouersuply _ _
VY PN -
« JRA SO-6 H &, JEHLEEEAME K AT 8.5mm B :
* 105ns (HKAED) AEHRIEIR, 25ns (FRME) SR E5 4 AEIR VT AL = Er—— |
* 150kV/us /MRS HIILEE (CMTI) pum_Top x g‘}t é}t |
« 12V REBUER(UVLO) ST ST e 00 N |
« SNBIREA 7V B bR A A : ' S A = =

|
TAELE R TR (Tj): -40°C to 150°C ! !
PWM_BOT_X - %7 |
1{} Ak W i
e . sl T,

p—— NTC

Tl iﬂ-- =

Ijk EE‘J)E\ UPS T Voltage e
SRR Te?n”";’r“;fmeﬂ
SR ;
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ISO77xx
EMC MR R SRS BERFRE S

ek

%ﬁms.ozmsﬁ&ﬁ o A R B g
* BONHEE #100Mbps . BRI K E R

o RAEHELEIR: HAESN 10.7ns

+ I K Ch-Ch fmf%: 2.5ns

« fx K Part-Part-fi#%: <5ns

- KIFE:
« 1.5mA / channel 1Mbps#it7}{#
« 1mA/channel ZRIRAS
« 0.5mA/channel Z£FIRZE

o R RIS 1R

o LTI RAHSGNIE

R4 %% ESD. EFT AETmHLHLM:

+8KV IEC 61000-4-2 (¥R 2 Hl 422 ik 75 L AR 47

(RE2)

e Y IS
RAEIBIEIR, B RIS A5 1 R

BHRTFIFRAXFD YR, FISPLEE

V] 1 16 [Fez]
o MERAIFEES (DIN V VDE V 0884-11) =L 2 15 [l
- CMTI: 100kV/ps L {E (85kV/us fit/IMH) = I =
i i S g I i i "1 =] q e [ E
SOIC-16DW  5000Vrms 12800 Vpk 1500 Vrms =l - wim F :-l '-IE r = = 5}; e TN
SOIC-8DWV  5000Vrms 12800 Vpk 1500 Vrms e °p (féOP pp B T
SOIC 16 pin SOIC 8 pin DWV pin SOIC 8 pin
SOIC-8 D 3000 Vrms 8000 Vpk 450 Vrms 7 5mmx10.3mm 7 5mmx5.85mm 3.9MMXA.9MM 3 o Omm
QSOP-16 DBQ 3000 Vrms 6400 Vpk 400 Vrms it S e 3
. —] — == T I ==
° INA g —|b~— —1 > 15 ouTA w e [ o
fen S5 O - Iy I S = = - s =
« 2.25V to 5.5V i N\ H L E e <l ) I i = e iy ==
M :E{/'EIEU.F_‘/EA[% 55C to 125C oura[ s —q— é F<@} [ Jmwo
+ SOIC-16W w/ 8 mm creepage / clearance (6, 4, 3, 2 and 1 channels) ore e —<H <€ #[ e
« SOIC-8DWV w/ 8 mm creepage / clearance (2 channels) "““g’ < . ‘: gm
+ Small QSOP-16 package (6, 4 and 3 channels) Q100 — ZHAIE

» Small SOIC-8 package (2 and 1 channels)

15
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Servo drive cascaded control topology 2 BEF 4R H-Fa 5

( Cold Side Reinforce Isolation

e oy e Boundary

- BRI HR TR R

Motion - v
Profile O Position O Speed Current c | PWM
[Trajectory Y | Control N | Control Control Unit
Generation] I [Field-
I Oriented
Control]
| I [ W | Angle
lasle,lc rrent Sensor
Angle Speed I L e
I “Angle I
| Angle P | Angle feedback
I Sensor IIF | I
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Structure1: Hot side control Huimissl

3-6 Axis power stage board(s)

AMSTX I —
| e = . | oy =y Lo
I ARM [ | _ cséxDsp |
I ARM I I Driver (x3-6)
Cortex A15 Ch6x DSP
| | (industrial Comms/ | | | (Position/Speed I
Industry 4.0 Loops)
Senices)
PRU-ICSS2 y I
EPTi PRU-ICSS1 C2000
imer
(x3-8)
Eth PHY Ml (Current Loop) Current
i%% 100 Mbit i Muiti- 2.5MB “— Feedback 4—F—
protocol OCMC SRAM FSl (x9-18) N
Etherilet/IP’ Industrial : ¥ %
EtherCAT ~— Elhomcs !
i Eth PHY N e el SPI r -i 3*6
O\ 100 Mbit )
I Encoder
RS485
| (x3-6)
Eth PHY RGMII Gigabit
Diagnostics 1000 Mbit Ethernet I
UART eMMC/QSPI | | UART I | Séafez
I : ? = oar
Service Boot ] S
Comm (Opt. Secure, "I_ Optional 'i

Decentralized Multi-Axis Servo & Robotics Drive
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Structure2: Cold side control (data aggregator offload) %1% i)

18
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Structure3: Cold side control (Single-chip drive) #

Etheni'et/IP

EtherCAT.

e

Diagnostics

AM65x

ICSSGO0

IEPO Timer

Multi-
protocol
Industrial
Ethernet

MCU Island

Eth PHY MIVRGMII
100/1000 Mbit

Eth PHY MII/RGMII
100/1000 Mbit

Eth PHY e

1000 Mbit

Gigabit

l Cortex A53

8 l{industrial Comms/

Industry 4.0
Services)

ARM
Cortex A53
(Position/Speed
Loops)

2MB
MSMC RAM

ARM
Cortex R5F
(Safety)

64KB TCM

ARM
Cortex R5F
(Current Loop)

64KB TCM

Ethernet

ICSSG PWMs
ICSSGO IEP1

ICSSG1 IEPO

1CSSG2 IEPO

ICS8G2

SDDF
x18

ICSSG1

IEP1
Encoder
Interface

x3-6

] (B A oREh)

3-6 Axis power board(s)

Boot
(Opt. Secure)

_ 3-6x frip ———
6-12 PWM N _
6-12 PWM | Driver (x3-6)
6-12 PWM
AY
< 9-18 DATA Modulator |
2-6 CLK (x9-18) ﬁ— W
<+ Y
M
X
3-6
I'l:
Encoder
» RS485 3
(x3-6) y
ot |
[t ]

Centralized Multi-Axis Servo & Robotics Drive
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Other Information

B2 AR A http://edu.21dianyuan.com/index/course video/vcid/1574
http://edu.21dianyuan.com/index/course info/tree id/5/cid/410
ZEEIH TIDA-01541: H T =AHIA8 2% 1) 7 i AH HL UL AN DC-Link HL A 225 1 11
LY FEL SRR TIDA-01455: HF mid FF o A& = AH i AR 3% 1 s IR BN 525 L it

TIDA-00914: SRH/NE A-3 1 il 5 038 5 2 [ 55 M AL L RN 225 151
TIDA-00171: F& & =R RN S S %1351

7 AR FRESRIAY AHI2s: AMC1305/6; JERFERIAY 4. ADS1204/5; k@B Ras: AMC1300/01.
isolated non-isolated isolated
} AZ modul AZ modulators amplifier
JL‘I_T - \‘} o H}_ for s:;?\t lr.lezr:;:lsrs for magnetic sensors  for shunt resistors: 7
| o
A
D

AMC1304/
AMC1305

MCU/MPU
| Integratedfilte
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Manipulator

DB 1244
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Manipulator: Servo motor & Encoder

Battery Pack Hijthfi:

Ensure angle/axis encoder
track position - if not powered
from control cabinet

Industrial robot
communication module

Motor power interface
U,vV,W, (N)

Encoder interface
cable

Servo motor FEALIXE :

PMSM
Permanent Magnet
Synchronous Motor

PIN NO. | Signal RS485/RS422
Data+ and Data -
6 IPS ’
5 PS . t (" Encoder supply
! ] battery backup,
4 BATO 1 I if cabinet not
3 BAT(+) } connected )
|
2 PGOV i
1
1 PG5V g
Encoder Supply
Shell FG Shi:eIId Wire | from Cabinet
PIN NO Signal
2 BAT(-)
Encoder 1 BAT(+)
Servo dri
R e Battery Case

22
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Comparison of typical position feedback sensors in industrial drives

Resolver

' Absolute Encoder

Sensor type Inductive/transformer
Absolute angle/position Yes
Multi-turn No

Angle accuracy (typ.)

medium (~0.1deg)

Interface

Open/public standards for
encoder vendors marked
green

Analog (I/O)
4V-7Vrms, 4-20kHz

Latency

Medium

Power supply

N/A

Temperature

>150C ambient

Electronics inside

Design challenge

N/A

Sensor cost

Low to medium

Application examples

Robotics, harsh
environment

23

W3 TExAS INSTRUMENTS



TIDA-00363
i EMC FRAER] B F e 2 R 23 3w ¥ s (RDC) S5 &7t

+ HuthJy RDC, HAMT £0.2 B S AU E
- jtit IEC61800-3 EMC $i#hFE
+ +8kV ESD CD - 2% |EC 61000-4-2 #54f
+ +4kV EFT - 2% |EC 61000-4-4 trift
+ +2kV IRJE - #% 1 IEC 61000-4-5
o HA 150mA firth AT AT g AR (10 2= 17V) T H U 1 8- Rl R TBOR 4 T

PGA41ij/'*T%%BP/Sﬂ%JﬁJﬁKﬁ%%, .95 /> T BOMAI60% PCB R~
= RIS VO A TR BRI AR

= TSN IER

= it IEC61800-3 EMC Hi#h i

kN 60% [ PCB JR~T *For B0V version, use TPS54160A Vel ;5w TIDA-00363
o HATEMABIEGE (12 £ 42V/60V) R IIREN] 24V B\ R TPS79933
« SPI (8MHz, 3.3V I/0) . JHA7HI ABZ/UVW fii 1 N s
o FRALEHAMES 15V il B RN A S Tl T SO A 1R i 150 24V {15-42V) TPgl;il;ZOA
« C2000 MCU HJ7R M1 [E 44 7] 75 16kHz RAF3E 2 T S UA E ES rL
E *,j'\‘ }E\Z )EH Resolver Sensor Resolver to Digital Interface System Control
. TAIRE e N j=[=I=lz[=I=lz[=I=lz]=I=]=]=l=]=} REREREE
frI R 3 5% 5 e C
LR A dh & N : Y e
- T EEe S = x-al B e -
g : PP
Board Image » TIDA-00363 and Tools Folder 15 3 51513 21212 2512
e « Design Guide - —
+ Design Files: Schematics, BOM, B cos ) PGA411-Q1 WLz
Gerbers, and more 41 cos-in) AICICHIE R e Bt
* Device Datasheets: * Configurable jumper to
— PGA411-Q1 Resighiar BXCH (%) Sxcier ety or
— TPS54140A EXC- (*) S0P, external amp

— TPS79933

Copyright © 2016, Texas Instruments Incorporated
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Comparison of typical position feedback sensors in industrial drives

Resolver

Sensor type Inductive/transformer Optical, magnetic, inductive, capacitive

Absolute angle/position Yes No (Yes) Absolute angle possible with index signal,
but not after power up and power cycle

Multi-turn No No

Angle accuracy (typ.)

medium (~0.1deg)

High (digital) to very high (Sin/Cos interpolation)

Interface

Open/public standards for
encoder vendors marked
green

Analog (I/O)
4V-7Vrms, 4-20kHz

Digital or Analog (O)

» Digital: 3.3V/5V TTL, 10-30V HTL or RS422, up to
10MHz pulse frequency

* Analog: Sin/Cos 1Vpp, up to 500kHz bandwidth

Latency

Medium

Very low (<1us)

Power supply

N/A

5V, 10-30V, typ. <250mA

Temperature

>150C ambient

Electronics inside

Design challenge

N/A

70..100C ambient (outside case!)

Size, temp., AFE, power, EMC immunity

Sensor cost

Low to medium

Medium

Application examples

Robotics, harsh
environment

AC inverter speed-variable drives (HTL/RS485),
Servo/CNC Drives

A
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TIDA-00176
K w2 R A BARAE I IE T2 R 54 A 48 A O

71 Rtk PR

»  FFE EMC FR#ER Tk O BEiHE A T3 1Vpp Zshfit (2.5V = P 05 Sin/Costifit a4 ) P45 K FE 1580m
) LAk 500kHz i AR 1 1E 3%/ 42 3% i 542 * ROPRRIRE A E RIA25 0 e
o EORRIEEACE . ik 28 AL AR LK KA 70m Sz v 14{IERI2{TADCTE RHA, 7 EMUSA AL PR
. ISEe B = ﬂ; ¢ U pliEBNE 53 ) ﬁﬁ-‘ﬁui L H 3 b ﬁg
g;};iﬁ ggég%ﬁ%?ﬁ;ﬁ%&ﬂ;&?ﬁéﬁﬁiﬁéﬁiE{Eﬁﬁaﬂ%ﬁ = AT EIEC61000-4-2, 4-4 Fil 4-5 £k (ESD. EFT AiR{H EMC Hiit/E ZoK
o 975 i P T ARG Y i e :
= Al SPI A QEP # AT MCU, [ SR A5 A\ XA | ;.
14 5% 12 fir ADC i I fE AR AL A5 T (0 20 3 2 sk [t i :‘
»  EEhE T C2000 MCU H. 5 LL 16kHz 545 (8 70 HE % /1 1 LA K b ™
iBid USB KL COM i I SZHL I £ B s K36 Th e i~ ) [ 4, e Ande
AJ A 58 R RE VR A o
«  ZRTG 4 IEC61000-4-2. 4-4 1 4-5 Bk (ESD. EFT FIIRIH -
EMC HiitEER) : |
atan(A/B) ;o; g
b a 8
oAz
Coarse Angle
. AC EB@J%& Incremental count glom:aralur : —
. *%%B‘inﬂi%lzib%% | ° 5 i
= fARIK B 2% Piccalo MCU ____________J r:::c

I o .
DO sv -
24v bc/nc 2 ) 1
L 100 ! 26

e
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Comparison of typical position feedback sensors in industrial drives

Resolver

' Absolute Encoder

Sensor type Inductive/transformer Optical, magnetic, inductive, capacitive Optical, magnetic, inductive, capacitive

Absolute angle/position Yes No (Yes) Absolute angle possible with index signal, Yes, provide speed feedback and more too
but not after power up and power cycle

Multi-turn No No Yes (pending model)

Angle accuracy (typ.)

medium (~0.1deg)

High (digital) to very high (Sin/Cos interpolation)

High to very high (up to 1 arc second or 0.00027 degree)

Interface

Open/public standards for
encoder vendors marked
green

Analog (I/O)
4V-7Vrms, 4-20kHz

Digital or Analog (O)

» Digital: 3.3V/5V TTL, 10-30V HTL or RS422, up to
10MHz pulse frequency

* Analog: Sin/Cos 1Vpp, up to 500kHz bandwidth

Digital (I/0) or Hybrid Analog+Digital (1/0)
*  RS485/RS422 half- or full-duplex interface:
*  Vendor proprietary: Tamagawa, EnDat2.2, ...
* Open standards: BiSS-C, BiSS-Line, OCS, SSI or fieldbus:
PROFIBUS, Modbus-RTU
» CAN: CanOpen, DeviceNET
* 10/100MB Ethernet
» Vendor specific: DriveCLIQ (Siemens)
* Industrial Ethernet, like EtherCAT, Ethernet IP,...
* Hybrid: EnDat2.1 or HIPERFACE

Latency

Medium

Very low (<1us)

Low (10us and more, pending interface speed)

Power supply

N/A

5V, 10-30V, typ. <250mA

3.6V-14V, 5V, 10-30V and vendor specific, battery backup

Temperature

>150C ambient

Electronics inside

Design challenge

N/A

70..100C ambient (outside case!)

Size, temp., AFE, power, EMC immunity

70C...100C ambient

Size, temp., AFE, power, EMC immunity, interface protocol

Sensor cost

Low to medium

Medium

High to very high

Application examples

Robotics, harsh
environment

AC inverter speed-variable drives (HTL/RS485),
Servo/CNC Drives

Servo Drives, CNC, Robotics
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Why is EMC immunity critical? N TEMCHi FItEE R EE?

o ZRAYARIE I B A U AT IR R P T I (RS 485 5 4 il A
GL 1 e L PR B IS 18]
o BORBE AN FAEFTE R F R 7%

ERRS485/L 5

W, ARG ERAS R, AR B = ] Al 2=

Mﬁ PWMIF A% B 1] BE 421k
FI10kVusEET &, XFES, JoHLHH
BRAEME T, RN SR E B A0 2% 00 B AL

(Zo

ek . TA+H-20V, BkFE<lus.

S AbEng: 7 WM HH PR AS & B % i;

M
——-

8-16/32kHz ————>

IR

_________ Y’
Power

I-V Feedback AC
Control .
Application main

Communication

0

AC

E ith RS4
Motor ncoder with RS485

interface (EnDat 2.2, BiSS)

Shielded encoder cable
up to 100m and more

P/S

Protection & _E’
Diagnostics A
EMC immunity requirements for industrial drives by i §
standard body: IEC 61800-3 or NECA (Japan) Industrial - a
Drives: Injection of external over-voltage transients at
the encoder interface cable and AC mains Position Feedback

Servo Drive
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TIDA-01401
FF 45t RS 22 15 EMC Piih B RS-485 #: 0 &%t

71 &tk e 5

77 16kV IEC-ESD #i1 4kV EFT f 50 JKJ%F 5V -0 1. RS-485 Wk %% »  FFAIEC61800-345 B 1 HiL i e 25 14 Bk
(THVD1550) 748 2413 ESDZA AR RA . = JLTRS485(1) 7 B i 5 fEEFTATNINS fik b e A5 93 Nl R b B v i S 4T
o WHSEI T SR S K IEC 61000-4-4 FRE B S BEASHLHL PURE, 1A B O Bl 1 BE AN AT S 1k B i
o SR 4 k%) RS-485 B2 LIbRiE (W EnDat 2.2 FIBISS) ok 2 £Eil#z Libsitk || = #EKHI5V RS485, W EESD/EFTLRY, 48 F A B i R 40 M g 28 i,
(4n Tamagawa) TFEAAHTVS .
o T RTECE W BT R, A AT AR RSN g8 A gm A g 2 1  CFRFEDE RS RS SR 50Mbps R AE IR .
« 3.3V C2000 LaunchPad #11, i H4uht 28 Vr iU Aa BT RS VEAN » IGUERT AR ERUE R IA 100K B 45 K fEEnDat2.2f1BiSS .
o Wit#4 IEC 61800-3 EMC #idh i sk

HARRH = e

|
Input: : R:'er: e (Encoder Supply) :
= =) jacl polari Wi
¢ @Hﬁ‘CNC *ﬂ*ﬂ%&}\ VsV i protect TPS22810 i
o RMWARZRA VF IKBhEs : - |
o CLEAGIE TED | R | :
® Il“ﬁ*n%%}\ { jiseites e : Cable length
%_65 é TPS:ﬁ/:Z‘:O bsiaiid | upto 100m
7% . = :
IE\‘—I_U‘ {ﬁ”ﬁ '% &M % E T v |
55 il
I R + TIDA-01401 and Tools Folder = R 5 |
— . i 1 :ju = - 5] !
= Design Guide _ ' ncoans Level shifter £3 ! 0
= + Design Files: Schematics, BOM, ! maeces I Ry
= Gerbers, and more I o SNV 2= !
- Device Datasheets: THVD1550 : ) i
: | Position
[ I Encoder
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Comparison of typical position feedback sensors in industrial drives

Resolver Absolute Encoder
Sensor type Optical,
Absolute angle/position No (Yes) Absq = s aile
but not after TlDA 00178
Multi-turn No No
Angle accuracy (typ.) medium (~0.1deg) High (digital) to very high (Sin/Cos interpolation)
Interface Analog (I/O) Digital or Analog (O) Digital (I/O Digital (1/0)
Open/public standards for 4V-7Vrms, 4-20kHz » Digital: 3.3V/5V TTL, 10-30V HTL or RS422, up to *  RS485/RS422 half— or fuII duplex interface:
encoder vendors marked 10MHz pulse frequency *  Vendor proprietary: Tamagawa, EnDat2.2, ...
green * Analog: Sin/Cos 1Vpp, up to 500kHz bandwidth * Open standards: BiSS-C, BiSS-Line, OCS, SSI or fieldbus:
PROFIBUS, Modbus-RTU
»  CAN: CanOpen, DeviceNET
* 10/100MB Ethernet
» Vendor specific: DriveCLIQ (Siemens)
* Industrial Ethernet, like EtherCAT, Ethernet IP,...

* Hybrid: EnDat2.1 or HIPERFACE
Latency Medium Very low (<1us) Low (10us and more, pending interface speed)
Power supply N/A 5V, 10-30V, typ. <250mA 3.6V-14V, 5V, 10-30V and vendor specific, battery backup
Temperature >150C ambient 70..100C ambient (outside case!) 70C...100C ambient
Electronics inside o
Design challenge N/A Size, temp., AFE, power, EMC immunity Size, temp., AFE, power, EMC immunity, interface protocol
Sensor cost Low to medium Medium High to very high
Application examples Robotics, harsh AC inverter speed-variable drives (HTL/RS485), Servo Drives, CNC, Robotics

environment Servo/CNC Drives

30
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Position and proximity sensors in robots
N\ v

E[l Camera

Target object
surround view

I))) RADAR

Blind spot detection
Navigation

* LIDAR

Collision avoidance
Emergency braking

V¥ Ultrasound

Detect transparent
objects

VY  Force

Detect contact

- Camera

Collision warning
Object detection
Surround view

W Capacitive

Detect proximity

32
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Tl position and proximity sensor technologies

| HG

E-30-30-3E 3¢ Ak 13 I

+Iow power

m

-dynamic range
between close
and far range

\.

+noise immunity:

Range: up to few

J

+h|gh accuracy
+long range

Range: hundreds
of m

-Cost
-SW complexity

________/

O

+Long range
+EMI immune

+Electrical
isolation

Range: Up to km

-No blocking
object

reflectivity from

e

W

+h|gh resolution

+Rugged & can be
subject to intense
vibrations

Range is small<1m
-Highly non-linear

-Fringing effects
-Clean surface

\_____/

+contact sensing

+robust
technology

Range: 0

-need mechanical
design

./

+H|gh resolution

+Semiconductor
based

+Easy to package
Range: few cm
-Need a magnet

-Difficult to calibrate
-Sensitive to

f +low cost sensor '

Nq' terference )

+Electrical isolation

+detects all
conductive elements

Range few cm

-Need metal objects

-Range proportional
to sensor size

\.
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Ultrasonic

| §G

raso

+low power

+noise immunity:

Range: up to few
m

-dynamic range
between close
and far range

J

re ecte wawve

Sender/ ) J ’ X Object
Receiver

Drl inal wawve

GISIBHCE r

dat _ Transmitting  \ Receiving
clk | | | | | | | | |

<—>Clock Period

Clock Count representing sound
travel time between the sensor
and obstacle

ToF(s) = Clock Period - Clock Count

r(m) =

ToF - Speed of Sound

2
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TIDA-01386
B 10-Link RIS SRR 5% %t

« ST M12 © R, ABUN
» 10-Link $[1 o ARREARAI, SEAIRBIE., B EER R R
« PRESEH: o A3 A [ A A S T B8 98 3 i [

v 10cm % 30cm (300kHz)
v 30cm % 5m (58kHz)

« PR SR yNAE

v %J 1mm (BOOkHZ) R %?)ﬁ*ﬂ%ﬁ}\
v %] 1cm (58kHz) o TEHLEA
o JEE A ARSI S D . AWML
TES5%R
. TI[|)3A-(')13(836'd i LM5166 TVS3300
— Design Guide
— Design Files
* Datasheets:
— PGA460 | 7x | ] Tug)ﬂ:»: L+ ]
_ 'Il\'/II?)PLﬁ? I:EE'—}LL& gy | B |EPHeORRED 'g;;icfl‘(k - 3;v ca
_ Bl ] ’ i
- LM5166 T LTO
— TVS3300

Copyright © 2017, Texas Instruments Incorporated
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PGA460
A T A S NME RS RS

YRS

e fFE. 15cm-11m

« $HEJEE: 30kHz - 80kHz, 180kHz - 480kHz
« TAEIRSE: -40-105°C

o P20 FLZREUARTE ] 6y 44 1 (TCI)

o $t3:16-pin TSSOP

o BEMHRRAQI00

o SRR AL AR

BARRH

o BN
o PR B AL B
o APAERBEE K

THREHRE

* http://www.ti.com/product/PGA46
0-Q1/technicaldocuments

* http://www.ti.com/product/PGA46
0-Q1/toolssoftware

DUACTEFE P FE) s F) s 0
o SOVF R IXBI AT RIS AR e P e A
o ATASE I RRAS E S T

OuUTA
ouTe

:l GMDP

I
1
I
|
I

A

Analog to Digital
ol i \

L
GND

Copyright @ 2016, Texas Instruments Incorporated
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Radar

| HG

+Iow power
+noise immunity:

Range: up to few
m

-dynamic range
between close
and far range

J\ /

+h|gh accuracy
+long range

Range: hundreds
of m

-Cost
-SW complexity

Basics of FMCW

Distance Measurement

Reflection
- from multiple
objects. (Rx

fl\

* ffrequency ' IF frequency 5

v

IF frequency = Tx frequency — Rx frequency

Distance of object is proportional to frequency of IF signal

chirps) i
vy

.

IF frequency spectrum f
Frequencies in above plot are proportional to distance of objects.
For objects far away the frequency of IF signal is higher.
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TIDEP-01006
#£ Sitara™ MPU FIEH5 R & 2K g fo B E 5 ROS 19 E EHLEAS % B

Robotics sense and avoid demonstration using TI mmWave sensors

Environmentally robust point cloud for robotics
navigation and obstacle sensing

HW/EVM  IWR6843ISK+MMWAVEBOOSTIC +

AMS7x EVM
W 120° /K°F, 30°
RN R Y 10m
() (0.047m)
HEFEMHTREEENS S, A
DAy #p s 53 ik
Lidarsi TOFAE L, A< AR 1. Discover mmWave offering for robotics page here
Ve BERR Y - ’ ° 2. Evaluate the performance
» . . . 1. IWR6843EVM : IWR6843ISK + MMWAVEICBOOST
Al AT AR R KL v, I HoAT g 2. Sense and Avoid Lab
F SN IBZE% U\&:Fil%lz%o 3. Detecting walls of different materials experiment
3. Design custom boards with IWR6843 silicon
« B B R IIIRE AT, 1. Online datasheet
AR R A 2. Hardware design checklist
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Lidar

| HG

owoower )

+low power
+noise immunity:

Range: up to few
m

-dynamic range
between close
and far range

J

'+high accuracy

+long range

Range: hundreds
of m

-Cost
-SW complexity

S

—
—
—
—

\

rasor. .Radar. Light.

f +Long range

+EMI immune

+Electrical
isolation

Range: Up to km

-No blocking
object

reflectivity from

Technology

Principle

Weaknesses

Key TIDesigns

Key TlIICs

Pulse Laser Diode =,
::;‘:r —+ SPLLLxx -
SPL PLxx

Signal
Processing  Receiver
TDC

—..

Transmission

~
3 |
Lens ’ | 4

N .
r’
V
Recelving
Lens

LIDAR
Pulsed w/TDC
Few pixel

LIDAR
Pulsed w/HS-ADC
few pixel

A sharp pulse is sent and
time measured with TDC
between TX and RX

A sharp pulse is sent and
HSADC measures RX until RX
edge detected

v Very long range
v Bestfor eye safety
v Simple

¥ Bestcost structure

¥" Very long range
v Bestfor eye safety
¥ Wellknow and understood

+ Poor understanding of
math needed to increase
SNR (slyt706)

+ Expensive HS-ADC

* TIDA-00663 + TIDA-01187
» TIDA-01573
- LMG1020 — ADC3244
— OPAB57 — DAC5682Z
—TDC720x — OPA857
— THS4541

LIDAR
Continuous wave
Few pixel

LIDAR
Continuous wave
Pixel matrix (aka 3D ToF)

Modulated IR light (AM), correlation Modulated IR light (AM),

between RX and TX for ToF

v Long range

¥ Higher amount of samples can
lead to increased distance
accuracy

» Discrete solutions:
« Expensive HS-ADC
« Expensive HS-DAC
+ Integrated solutions:
* Cross-talk TX to RX
+ Lowerrange due to eye safety

+ OPT3101EVM

— ADC3244, DAC5682Z
— OPA857, THS4541
— OPT3101

correlation between RX and TX
for ToF

¥" Point cloud output
¥ Long range
¥ Built-in multi-sensor operation

+ Expensive solution when only
a few pixel needed

* TIDA-01173

— OPT8341

— OPT9221

— AM4379

— TPS659122

39

W3 TExAS INSTRUMENTS



TIDA-00663
LIDAR Bk TOFS %t

J S

o LIDAR Hik ® A7 B 8]0 & o FIHTIHEFTDCEE B RAS, =k B fid
o RALREE R <1cm TS

« TDC 43##% 1.65cm, MRS 1.05cm RMS  « AN T P48 &
« TX feE=: 40 ns I [8] N FRIIE(E N 70W

Timing Side i Optical Side
1
125ns Delay ' ulsed Laser
) % Msr::o I ] I - Kl | Transm ission
M ccEthm!lerJ - T‘gf fesert @ Lens
| sTART ! x
= M VRPLLYN ) = (u] \ i
« L] Bt raiteiid :
i Y
= My 2 AL = =} "
« L] Bt hifg i - '
I %‘/ﬁ —L glaiy » 200 : ST! or.
]
]
i

« L) Bz B H#{X
« TTABL

Ty

1
1
| Transimp Photo Diode
i Amplifier
Toc7a00  [WSTOP 2—| - @ -
i j "
i
1
]
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TDC7200
& T EECHEATOFR K E i #%s (TDC)

s

-

SPRE: 55ps o R A U B RS FE T s ps 2
AEIE: 35ps o IRTHREHE B R G A
W= 514 B3 TDC1000 7] J6 4% 5% 124

v B 1: 12ns & 500ns SPIE [ 90V 46 T R4
v 1z 2: 250ns £ 8ms

ikZh#E: 0.5pA (2SPS)

B2 % 5/ STOP {52 B35 A

SEEL PR S WP I il 2 o ViRl KE. BRAEAARET

MR 2V % 3.6V o T A 3 o

TAERREEME: -40°C % 85°C o TEAHL CHOLEEMAELD [ AT 8B & A
FAT- e B A7 7748 Vi 17 ) SPI 3 #8143 1 - AESER

TIDA-00663 : LIDAR X TOFSZE ¥t

TIDM-ULTRASONIC-FLOW-TDC : &= Rk &1t &it xR 1|

TDC7200 EVM (S

TDC1000-GASEVM B KqS kit & it kit I

TDC1000-TDC7200EVM : B KK i B/ E /K BT & -7 :{l o F
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Agenda
« Industrial robot overview TM/HL58 AKER

o Definition and classification of industrial robot & X 54r2%

o Tl resource in industrial robot application TIZE TVAL#S AR FH 35 112k &5
* Industrial robot system analysis, design challenge and Tl solution

TAHLS ARG ST, RITBhE A R THR R TR

o Major modules analysis 3= ZE i3 Hr

= Controller 5 il 5 /42 il 2%
» Manipulator/Robot arm #1288/ 4 {4
= Sensors {&/#Z

o System consideration 4% &

» Power solution i
= Functional safety solution Tijfi %4
= Communication solution in different modules &
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POWER
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Power in industrial robots

Da0 [:. -

4" axis

Faxs .

Keys Panel

8008w~

Robot
Controller

Figure 1: Typical system components in an industrial robot system.

%1 B~ YN AR ER
Shaxis 6" axis 7" axis
T Bl T a8 B RBEER +5Vdc ISO
TokbLEE A CPUSER +5/3.3/1.8Vdc
End affocto VAC | VDC
fe] AR s 45T R BERAFTHE 2 KEREE
GE¥24V)
Camera
kLA N fE AR +5/10Vdc
TkbL2s A VLA -
(HMI) +5Vdc (IFH)
St o TunsAoRA B
(ThRE R &)  —

http://www.ti.com.cn/zh-cn/applications/industriaI/factorv-automation/overview.htmL4
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Power supply architectures

1. fAI AR ERALER 2 Bt e

Servo / AC Inverter

Inverter

I

|

I

I
QQtion:Z I Option:1 Encoder,
Single phasg | DC Link Voltage Holding brake|
supply 1 and Motor

1 Temperature

I

1 Internal Power Supply

| 1
Option :3 fio oo oo em—— o R, s ] Option 3 can co-exist
External +24V supply with Option 1 and 2

Communication

2. HoAh o Hfk e

interfaces

24V
aw

R LR (R R
A
16{16
45

VTGNDiT i
Wi
P

Encoder

L E
Resolver

HMI
(LCDIF )

RS485
5V
I oo R232

GND2

24V GND1
2w
™w EtherCat

PowerLink
Profinet
Profibus

A

AC/DC

o REFHLIIFE

s REFMIhRREZER

o K KE(THD)

«  OVP, OCP, CBC, OTP%:
o KM

k%% DC/DC

P 7 Ak
(N
[

ot BB AS BT

JEREE DC/DC
o

. LR

. TR
AR
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TIDA-010009 ;EH TRz H B F RE S MMB S ER 24V N\ B BT

ZHEWIT
L

24V £20% [FAMBAET AL E (PELV) HLJE ik

P Y A A\ o P b F - DR Bs 22 TSR AT R UVIOV fRA7

SRS L 3R AR SC R

2 itk H A E R T ORI [R5 B8 B B i 45,
AL T 90% MR ANE B I R~

HAERIF KM PSR K, nAEMEAET 110 K
b 2 =X L R

YRR RS, I gD ae s

i H RS 24VISO. 5VISO. +12V. 5V. 3.3V,
2.5V. 1.2V, HA/NT £1% WAL iR
RG> 90%

BRI R AL R R < 1%

TAEIR Y -25°C #85°C

+24V / 2A

Tl.com$ )% R

« TIDA-010009 and Tools Folder

« Design Guide

o it se#: [RE R, BOM, Gerbers, %
o SRBIEFM:

TPS26630 TPS62821
LM5180 TPS61170
LMR33630 LP2951

TPS62569 TPS25200

o (RCA R R R

o JBITPGRIENE JHIBEAT I e AR 38

* PSR Fly-back 45/ 2 T e & #s MG B 562k, 1548 7 BOMA e g i i B
o SEELHLTEAERS (IEC 61000-4-5) AIH s FH (41 B ok B e b
o HRGVE, SRR, ARG F PPt ok SEE

+24V_ISO (100mA)
— Digital 1/Os
FLYBACK +5V_ISO (100mA) Isolated
e E— .
Transceivers
LMS180
+12V (250mA) DC/DC | 10V/8V/5V (250mA)
nalo e —
-12V (100mA) |/055 TPS62125 Encoder
(Option 1)
Sync Buck +5V/3A
LMR33630 l l l
Seq. ___ bc¢/pDe L _ | Dc/DC | _| Dc/DC
LM3880 TLV62569A TPS62821 TPS62821
E-fuse +3.3V/2A  +2.5V/1A +1.2V/1A Dc/bC
TPS25200 Digital Processing TES61170
8V/1g0mA
SV/250mA 10V/150mA
+ m 24V/100mA
Encoder Encoder
(Option 2) (Option 3)
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Protection at input by eFuse

INPUTFILTER_OUT

a1
|-I-|l'_‘iD1953 305a

csmssnmﬂ

YTiLler
2

-

o
a2 ol
3

47 1lse

TPS2663 60V. 6A IJER[RHIRIFEEI'EFUSE

TAEHEN 4.5V & 60V, 4% KME N 62V

BA 31mQ Roy HIEE KR 60V #uddiik FET

JEITAME N VI8 FET S48 SObl M R AN 2 1m) Ha 7% BELIT <2 RF

0.6A % 6A AT E IR (6A BFASE N £8%)

PAFHS, IRV R AT (dVAT = FF%) Sci R s
A AR I A (PGTH) A HLJE IE % % (PGOOD)

R21
HE65K

282834-2

R22
14.0k

A24
30.0k

10V
0.22uf

R26
==C19 {300

BEE B ARI FL A
SARAE PR AP
R AYE AL s R 4

& 9. Hot Plug In and Inrush Current Control at 24-V Input

v

9
£ =146ms a0y
® -50.4ms 238V
EFUSE_OUT a%60ms  =204Y
>
+
1IN Fomper e o
100¥ [1] A Jeooms  -765000ms[@n £ 840mA < 10Hzf16:5257

B 10. Input Current During Power Up of Power Supplies

oo ams
3.3V
1.2v
25V
pr— +
1N —
-
& 250V ® v |
gp A Joooms  3.75000ms|@m / T60mA <10Hzf15:3423

W3 TExAS INSTRUMENTS

47




Devices selected in PSR flyback power supply

. HA 100V. 1.5A #EM3h% MOSFET fy | * T-EA%iItH100mA. FI LY o [ AERE AR BT 3V &
65VIN PSR Jifal 4 2% oo I O ] 17V 300mA [ [ 6 4 3%

. 4.5V % 65V [ 5 i\ HUE T - SEHIANRUEVEH, BOCATIA30V 1.2V F 10V GikfH HLE v

o SEIESERIR SRR (BCM) JFETTsL « {KDropout: 380mV (Typ) 7£100mA o oA TTMEE Y 13uA
I (AR U T VA AR T41.6% [ 6 | o IRERSHLL: 75uA (Typ) o iS4 H S FLE (20mVpp)
BB T 1 RE « PEREEAR: 0.03% o ik AMHz 19T g%

« R 100V DEMOSFET REs it | |+ SURIHER: 0.04%
5 TW ARt T 4 6 B LR 25

= FEEDBACK INPUT ouTPUT
/ﬁ\ =N

o AEBMERAME

« K EMIiz17, #i& CISPR 32 trik TEHE L ssu _upio 300mA
VIN SWI:’:] 1= _LO
Vi =45V 70V I Drv  Vour=5V EN \::S 31.8M I%:F
B ’ Eﬂ iR
L Cour EN_hys j_STSk
bl 100 pi
—— VIN i RS
Z2uF EN/UVLO sW GND re PWR GOOD 9
LM5180-Q1
GND FB
= RSET

—— 1.235-V Reference

—{ S5/BIAS TC
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PSR flyback power supply

PSR Flyback HI{I A

D2
3 vin sw -1 }JI. . .
= 4 TPE R28 B2100A-13-F
PEO0D Y=t ENUVLO 365K a | LG L29K-G2J1-24-Z
: ; "o Y
T 8 —T—cz
50V B2z R sns |2 e ;
4.TuF R32 e ] AT00F 205M | SOV NLY
562k 100V s . A ™ o 0Pk, N
Lol mSET anp B Gz oz ==Ci8 48 £B1 o Green c24
5 xi D3 50V 50v T~ s0v
Lol e 2 12 4TuF uF e S0 cnp 4 =
R35 LM5TE0ONGURGT DG 105k PO 31 ATuE
2.k g PMEG 10030ELPX LP2051CMM/INOPE * 18k
==C25 3 [ 17
L ] Al = J_
3000pF q L4 GND1 o
Eruse our % PHEGTRORELPX  —Lcao [,
us
P10 I B ! d VDD_EXTERNAL
, g <I7 i 2 aw L
22uH
% Soft-start timo=1ms , For 5ms, kewp oper Gho l EN VoS [of
GRD (S R3s FLAM 2RI Loy
EN_HYS Fo [of FEZ 00K 105MgBT
Po bl
+ 1 ==CB=—=C20 —=C57
oD L 50V | sov 5oV
T PAD o e 10uF | 10uF | 10uF
D5 B2
LG L20K-G21-24-Z 14 nées
q 5V/100mA Al [ — 7 A42
. PMEG10030ELPX TPS62125056R £1300411121 TO%  TPTY
WLD2 . T .
==C34 Ly Lo ¢,
S0V ol Graan T sov
uF oo
4.TuF PMEG10030ELPX
R4

18k

‘l||_<

=

D2

« BE TGS SNBSS
o IR R B AR R AYDCR,  JRIEAN R —ARE BORZE SEIL 1 S A A SRR T

« ML F1£4%Flyback, ]/

« TAEfEDCMAIBCMAE T

B

IR BCTE (SRERIE, HUK, JREE...
RERIZ ] (JRLFr gz, RCILE), HAHZ,

S A P B 5
BliA vt

Flyback - #t&, %t &
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LM5180 quickstart tool: 15V & —7.5V dual outputs at 150mA

Unml LM5180 PSR Flyback Converter Design Tool

-= Input Box Terms Of Use

[ Step 1: Operating Specifications Step 2: Flyback Transformer
13 Input Voltage - Min, V\N{mm}l IO!V Recommended Magnetizing Inductan|
7 Input Voltage — Nom, Viinom) 24 y-=2 Magnetizing Inductance, Lyj
8 Input Voltage — Max, Vinymax) 80 Primary Winding D( 24v 15V
g Single Output or Dual Outputs, Secondary Winding #1 D 10V..60V 0.15A
10 Output Voltage, VOUT1 13V Secondary Winding #2 D
11 Rated Output Current, IOUT1 0.15A Turns Ratio, PRI : SE
Output Voltage, VOUT2 T5V Turns Ratio, SEC1 - SE@@2 051 c
Rated Output Current, I0UT2 015 A Duty Cycle at Vi lly 434% : 7"‘ . VIN
! Max Output Power at Vil 30w K ENJUVLO  SW
{5 Step 3: Input & Output Capacitors ;
15 Minimumn Input Capachance 27 pF LM5180
Input Capacitance, Ciy 47 pF GND EB -1.5V
Input Capacitor ESR 10 mQ -0.15A
19 Resulting Input Voltage Ripple 87 MVpreoic
2 Minimum Output Capacitance, Output #1 11 pF | | Minimum Output Capacitance, Output #2 23 F SS/BIAS Rtc Rt
Output Capacitance, Cour 22 yF Output Capacitance, Courz a7 yF Gss 739kQ > 12.1kQ
Output Capacitor ESR 3ma Output Capacitor ESR 3m0 290F TC
Resulting Output Voltage Ripple, Qutput #1 32 MV Resulting Qutput Voltage Ripple, Output #2 15 MV e —
Kl Step 4: Feedback, Soft-start, TC, UVLO
2 Recommended Feedbsack Resistor 76.3 kO N N 1 Vin = Vingnom) —— Efficiency ~Flyback Diode Loss
Selected Feedback Resistor, Reg 158 kQ (nor - =ICLoss Transformer Loss
28 Soft-Start Configuration | adjustsbe |+ 400 100 160
Soft-Start Time. 5ms 90.9% .
Soft-Start Capacitance, Css 22 nF 350 = - I
VOUT Thermal Compensation | YES : = [ ‘\ ~ | ap
Diode Voltage Drop Thermal Coefficient A3 mvrc o) e N
Thermal C Resistor, Ric 732 kO < £ ~ 5
Input UVLO Configuration | Adjustable : E G ] : Ex T =4 = %
Input UVLO Turn-On Threshold 9.5v E 200 i g E
Input UVLO Turn-Off Threshold 65V w = S 75 3
Upper UVLO Resistor, Ruv: 536 kQ = e i B H
Lower UVLO Resistor, Ruye 100 kQ g i L 7 IS
3 ) ’ o
i) Step 5: Power Losses & Thermals
41 Flyback Diode Voltage Drop, Voporosy .25V 50 Lower POUT at VIN(min)
Flyback Diode Voltage Drop, Voruit-ioad) 035V
: & 0 L i 55
Estimated Thermal Impedance, 8, 60 °CIW g o o = o =4 i =) 7 o o e,
Ambient Temperature, Ty 85°C % Total Rated Output Power % Total Rated Output Power
Bl LMS5180 Power Dissipation at Full Load, Pg 148 mw
Gl L5180 Junction Temperature at Full Load, T 94 °C
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PSR flyback test results

B 56. Switch Node of LM5180 at Full Load B 57. Output Ripple on Isolated 5-V Rail at Full Load
%ﬁtﬂﬁ Oe 654ps  -720mY
%U }\ = 24VI2A Om T36ps  480mY
B} [8]= 15 4%t Max=68.2 aB.201s

AEEiRE= 25°C

< 10Hz|16:28:06

D-mA Rail

27 28

51
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SBVA059 TMVAHHLERML B 4% K48 R ERECMOS BB AL s p i 7 2

BT

o CMOS TR {2 5 75 5 % e L I
. CMOSFE {2 i 52 24 g £ o 3R R o || o | suporea | o | e |

© BRI WP U ||| -
o H S YELEE KR bypass HL A | ! T
° 1'ZIS$E[§EH%IJ$D?5&%%ZI‘EH E':JEIZ@T B - ‘y 5V...48V

i

« 3 ER{KMEFS H m PSRR [ HLIEAL (B AUE T AL.2v F3.3V) w_— |
o FUR R K AT IA500mA [ Sortes |

o M AE W] EA 250uF Bt e _

GigE Vision i
=n B
Surge

© R R LR e [ ——— e B

IV Sensing Power Stage
Power Tree PoE Controller Input
f%%‘ﬁ | Processing | Paint of Load Power over ETH F | Prz?:cfi:m 1:
_ |
o WINHBIE: 12V/ 24V, A HUE T ik 60V e ) e |
e 4V EFI i‘% EEA E it : Data
: {Power)
i
1
1
L

. T - R .-
Interface Digital Processing Interface

’f/t ‘ Service / User Inferface
l | |
o DIERIFRIN T ; | Rs232 |
o {KME, /NEUE, SIPSRR v Godee
\ oy . Buffer Humidity Touch
o ] REL IR 250U 4 H LR -
o PRBUN ~ <= 8888

Input User  Output User Service

o FFECMOSEMEAL B R U P R Clocking Sensing Interface Interface Interface

i

g

http://www.ti.com.cn/solution/cn/machine-vision-camera?variantid=484 &subsystemid=23983
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i i TPS65000 Solution TPS650330-Q1
oliutions overview Sowton

+ LMR36015 + LMR36015 EVM . TPSB50330-Q1 EVM
« TPS7A87 + TPS65000 EVM ‘
» TPS7A90 + LM3880 EVM

* TPS62840/TPS62841

1. 7 BEBAFTR - LM3880

B e T e s e e | e, . s e, e et e e et | I-CMOS image sensor
Discrete Solution Board

CMOS image sensor LM3880

3.3V /120 mA o

Row 1

s i e 18V/11mA | Row 2
ﬂ.: Digital_EN Digital_EN . A’|E el
44 DVDD

IMX25X/26X
CMOS image sensor

|
' |
| 3.3V/140 mA |
| Ary » VDD 33 |
| 33V/5mA | :
VDD_PIXEL
————»{ voD_|
12vaav @y | |
| 1.8V/80mA |
| | »| voD_1a | TPS7A90 LMR36015
| |
For evaluation only; not FCC approved for resale.
TPS7AS7 | PYTHON |
| I 300/500/1300 | S
| | CMOS image sensor |
! | 33V/355mA | ‘
| | VvDD_33 I 2
I Digital__2 33V/10mA |
| VDD_PIXEL |
| 1.8V /140 mA |
VDD_1
ExtemallSignal LM3880 —-|I| ;
| TPS6284X
Digital 3000/5000 |
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
I
I
|
| PYTHON
|
|
I
I
|
|
|
I
I
|

TPSTAB7

PYTHON IMX25X/26X
300/500/1300/3000/5000 CMOS image sensor

5
|
|
|

Fracs J PIXEL_EN PIXEL_EN :
| |
| |
| |

|
J

|

|

|

|

|

|

|

| FLAGZ |
| —.l Analog EN Analog_EN
|

|

|

|

|

|

|

_________________________ | 53
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Device selected in discrete solution

B ., 3 a e 7 GND GND
TPS62840 old solution new solution te ) - N 1 —
- - lCINA Lﬁ s N QS—M
l:% igutal : EN P11 ==E§§’F"

lq 360nA 60nA o 4 0oHm 5l vser . ) _I_ |
Vin 2.2V to 5.5V 1.8V to 6.5V 1 VeI = @n
Vourmxea: & % | 1.8Vt03.3V 0.8V to 3.3V -
selectable) = =
lOUT @ 300mA 750mA ;g !r’__r'""-'_'_r

B [

IE 55 g
Temperature M_ _40 to +85°C _40 to +125°C 7 % | i
spec 3 o 7

‘ 5 7
Package 2x3 QFN 1.5x2 QFN e e e
P

24/7 82% @ 10”A 90% @ 1OUA ?g _!I"ff = Eficiorcy_TPSTASO

Efficiency 3 lout lout i — Eficiency TPSA2840
50% @ 1UA IOUT 85% @ 1UA a 008 0o E1L|:‘1Eu2j:m:}] 038 04 048
lout Figure 17. Efficiency of the Digital Rail Supplied by
TPSTAS0 or TPS62840 in PYTHON 300/500/1300 CMOS
j.kﬁ’ %1& IQ Image Sensors
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Two PMIC solutions

2. TPS65000 &R T &

2V /24 V(36V)

Ang

Discrete Solution TPS65000 Solution TPS650330-Q1
Solution

*« LMR36015
« TPS7A87
« TPS7A90

+ LMR36015 EVM
+ TPS65000 EVM
+ LM3880 EVM

« TPS650330-Q1 EVM I

« TPS62840/TPS62841
* LM3880

2' PIXEL/IO

il

vDD_33

VDD_PIXEL

vDD_18

PYTHON
300/500/1300
CMOS image sensor

vDD_33

VDD_PIXEL

gE

vDD_18

IMX25X/26X

CMOS image sensor

Digital EN
Analog_EN
PIXEL_EN

PYTHON
300/500/1300
CMOS image sensor

Digital EN
Analog_EN
PIXEL_EN

IMX25X/26X

CMOS image sensor

|Sequence controlling signals for power rails

3. TPS650330-Q1 £FBAR L

12 V Input Voltage

3.3V, 120 mA
AVDD

ovoD
4V 1.8V, 11 mA

DVDD

e

Buck2 1.2V, 120 mA

1200 mA

IMX25X/26X
CMOS image sensor

TPS650330-Q1 EVM

55
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Efficiency

=MAR (OBERTE, TPS650004 AT EM
TPS650330-Q1EMA T HR) KK HE:

=M RE F—FrcmosEE £ ka3 L

‘ RR
%
5Vin | 12Vin | 24Vin

HEIL: HERIFTR
(LMR36015+TPS7A87+T7S62841+ 71% 62% 50%
LM3880)
FHR2: TPS65000 £ H R
LMR36015 (75 ZPCB# I 5 —% . . .
HJ5 )+ TPS65000EVM+ 72% 63% 53%
LM3880EVM

% 2% Fa RN B F 8] F RSB R SRR B R M

Efficiency with Intermedia Voltage changed for Powering
PYTHON 300/500/1300 CMOS image Sensors

\

@
3

o

Efficiency (%)
o a9

T \\ —— Efficiency@12Vin

B NCMOSKEIG LKL £
2% YR LR ] L 4.5V AT
SVHS BT 2IHI R G R0F .

4

4.5 5 55

Efficiency with Intermedia Voltage changed for Powering

SONY IMX25X/26X CMOS image Sensors

Intermediate voltage [V] 58
e \
=

’;{:‘7{ — /\CMOS .,T%,ﬁ%)ﬁk ..E“.. z —— Efficiency@12Vin
Z R FE A R [A] EEEE&?J w0 N
3.9V, 4.5VAISVIH £ .
Il)_ll.t E/\J /% é}ﬁ &ﬁ% o > ' Intennediaf:’voltae (\%] ’ °

2 0 YR R LR IR 29K, RGN AR . =

N

7 5 BAR R G BAR T

56
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Low V,, (<7V) buck (step-down) DC/DC converter

Care-abouts
FE K Core [ m—p Kb B R S B Y VREF
IR ETEE 1%, A EVOUT, 12C £
£ B B IR -y TR
Power Good, 1] ii# sy, f#HEN |, Ja—3C il P2P
& EPCB mp F/NFPCBHMH
N, FTEAIINEIES, [ AIPCB A R I+
P R -y R T
LG, AR I HIJ, HotRod™ £ i
ﬁﬁ%,ﬁﬂ‘:% - 1& I];Eé)_ég M E
DCS-75#1#4K, FPWM #0 i, [572 [4 f 4% i
B 4R 1A - KR

SR FL A ‘ y &i
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Low V,, (<7V) buck (step-down) DC/DC converter
Portfolio highlights

| RERU /AR B Bl Bk
ouT | Automatic Power Save  Forced-PWM (optional) with fgyy, synchronization nano lq Integrated Inductor
0.3A TPS62240 TPS62740 TPS82740
TPS62230 LMZ10500
0.6A TPS62840 TPS62260 TPS62808 TPS62840 TPS82670
TPS62290 TPS62802
1A TPS62821 TLV62568 TLV62568A TPS62811 LMZ10501 TPSM82821
TPS82680
2A TPS62822 /5 TLV62569 TLV62569A TPS62812 TPS54218 TPS82084 TPSM82822
TPS62088
3A TPS62823 /6 TLV62585 TPS62813 TPS54318 TPS82085 TPSM82813
4A TPS62827 TLV62095 TPS62864 TPS62810 TPS52418 TPSM82810
5A TPS54519
6A TPS62480 TPS62866 TPS54618 TPSM82480
TA TPS54719
9A

Preview products in light teal
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TLV62 568 / 569 / 585
1A | 2A | 3A Buck converter family in@@

P =
+ 2.5V to 5.5V %\ HLE G o AL
o 1K JFLHBARpg oy : 150mQ 7/ 100mQ (1A) o kA L G BAE

100mQ / 60mQ (2A), 56mQ / 32mQ (3A) " vesn o -
+ 0.6-V E Vi 1T i R o Dl
« 100% (575 HEI, dropoutfi ik FIRAK L%MF Lo
* lg: 35pA i
. WEED)
 BHEWTTERER C3: Optional
o FPWM 121k RS2 B R AR 1 800 L

(TLV62568A/TLV62569A) .

. 65% smaller

« PGOOD IffEn[i% (TLV6256xP)
¢ 1A/ 2A [fJSOT23 FISOT563%: 2 # 4

 3A H2x2 QFN F1SOT563%f % rE .
SOT23 SOT563

Package size: 8.1mm? Package size: 2.6mm?

W3 TExAS INSTRUMENTS



TPSM82 821/822

1A/ 2A Buck converter module with integrated inductor

ik

«+ 2.0x2.5x1.1mm SIL &% , NERHBER
* Viy=24Vto 55V
. VOUT 0.6V to VIN (TIEI)

* Vour = 1.2V, 1.8V, 2.5V, 3.3V (TPSM82821 1 [ & 11 i tH H
JER(E)

o ApA BRASHIR

o EIE95% HIRR

+ DCS-Control™ #f$p

s BREEBITEEER

* Vree= 0.6V B 1% it
o FTUEAR A R PR

« 3N R IE A PGOOD
- WEKIEE)

Vu
24Vi0 5.5V

In development
samples now

PR
s BRTHEREERB B S S
- JIEREA

» 25mm?2 KR ~F
« DCS-Control i b ZEBRIE Lt m NI, 4EHF 1 RS v 1%y e T

HARIE 7 FEB# 2S00 L, PWMBLATS e T g )4t .

T7.4mm

Feedback networl

4.8mm

Solution size: 25mm?
Profile: <1.2mm
Fixed output voltage

VIN vout

c1 I
aTuF

L

EN FB

il Bottom

GND PG
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FUNCTION SAFETY
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Functional safety content
o |/ORHR/ RIS R I Tl e 22 4255

— Z%¥IITIDA-010049 “i&fH T IEC 61508 (SIL-2) H.£ TUV WA IELTHIN S % it

— 2% %1 TIDA-00548 “&Fil T2 4 FLFI ) 4mA-20mA b AR eS8 it

— TechNote “ A 2 W7 ity it s i 4 s

— TechNote “F 2524 V Ly B [ 5400 #4538 10 S —

Ty

Mk 4.0 FHEEAFIBENIENE, TUESEETEEIES. T20EW. BHTEZSNT
WES, FOEEENHNEMNEABEESENERER THETSRITER, LIRE IEC
61508, 150 13849, IEC 61800 #0 IEC 60730 i, HIGEBHEEES I TV REH
Wit ENT RIIEE.

. AL - REREEHEN o ERRMBE LR L MR
. LR . ZEXE o AEENBNERIER
- BFELES . NE . ERBARNREELR
« DIN iR
+ SafeTI™

http://www.ti.com.cn/zh-cn/technologies/functional-safety/overview.html
http://www.ti.com.cn/zh-cn/microcontrollers/hercules-safety-mcus/design-development.html
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COMMUNICATION
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Communication hierarchy

RS-485 F1 CAN mJ{E yksitl, hedsL
2%, TRADEs S HIAE AR S 2 TR] A IE TR

Tkl NIz a], BNE LEE
RS-485 / RS-422 #l1 Ethernet

— U 25 2 F CAN FlIRS-232

RS-485%1Ethernet F{F H AL/ fa] AR4% i A
Hez 18] a4

Industrial Ethernet

—] |

Field Bus (RS-485, CAN, RS-232)

T =
1
T

Device level/Sub-bus
L (IO-LINK, LIN, etc.)

64
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Ethernet PHYs

« 100Mbps 4>¥ T.
— 100BASE-TX (5{100BASE-FX) 2337t 2& 5 FH 11
o JEIR AR
— BARLE LT EE TSN
— HZWT =1 IR
o TEIRTHIN A, ZEIRFIE) T IRFFIE /N
— KREZHHIEFEMT100ns, HEF, kT RGE
— FLMIIE $f i #540ns
o PUEEEREE R R NI ]
— i BB T R B HR N B R 2 R I ) AS e R O 1 51D

PHY 4 ] A2 A 4 s

Host Layers

Media Layers

OSI Model

Data

Layer

_ Application

-ation.

Segments | _ Tra_ns_;:ort o
- End-to-End Connections and Reliability
Packets Network

Path Determination and IP (Logical Addrassing)

Ethernet PHYs operate on Layer 1

MACs operate on Layer 2
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EtherCAT M & (2 2 FIZ X LW LI M SF i i1

UES ST

EMCHZS, TV XU 1 [FEtherCAT H. MJBE 14 HASPI $#:11

5-V L E B YR, AR AL E. AR %EDDR3 WA (AN T 2 EtherCAT Lt
FRAMEE)

AMIC110 #c & M SPI Flash 5{SPI host processor 5| 5

FFA11C2000, SHEIESPI MR (16MHz), SPI EHL BUMCASP #:47
211 (48MHz) SKiZ17EtherCAT MJ&E Mtk

MEtherCAT W\ EHERRBITHSNI T 6, AT EHSHIRAM
Tl LaunchPad #% 7#3.3V TTLiZ 4 [/ BoosterPack #% =

Tl.comF &R

- TIDA-00299 and Tools Folder

» Design Guide
o &34 REE, BOM, Gerbers, 2.
o SREIEFM

— DP83822H,

- AMIC110,

— TPS650250

TIDA-00299

(TIDEP0032 5 & #7)

AL B X5 D EtherCAT Mg ##% (PROFIBUS 1 Z #MYRT
Ethernetr] fEi%& £

TPS650250 PMIC 45 B A5 FE R ELEAT L L
DP83822, {IL4EIR, if FH110/100 PHY, EtherCAT Ml FIIAE
B A 1EC61000-4-2, 4-4, 4-5 HERG3E AT Bk

board ID

" PMIC
Input: 5V DC jack EMI filter l >
\ |  pses02s0
|
| a3 EUES
| 3.3VTIL | e
R e o I* ws
| 6-pin header for w1
| 3.3VTILseral to
I USB cabl JTAG HDR
I Status LED per
| SP| Flash EtherCAT standard
} s v requirements
— —— R Status LEDs
} MOEEAROIRD | SPI ITAG UARTO 10/100 Mb/s.
| MOASPI_ACLKR_MCLIO® & <«— Ethernet i}
T ] [P MoASFI_ACLKX MCUOE > Z =
C2000 MeASP1_FSR_MFSXB = » Pml . e 2 Q-RME
McuU } | [ERDivesF FsxwesRe DP83822 W
Wlﬂl i a SPICLK - l 5
-] 2 — @ Ll sro1 g FEENE
[+] o
Soo M H BE g 5 At | :
sta_ck an il £ P [ — 10/100 Mb/s | Status LEDs
driver for 1lg g ECAT_LATCH1 % Ethernet g
ET1100  (H o | § [ Eesrsme % les PHY2 &
[} ECAT_SYNC1
1 RS = > opgsmn > o> R
‘ Gomee B ;
|
} M
| UART1_DE o o L
J L =2 =
! [ “Dora | [Eeprom
I
|

DDR3 not required when EtherCAT siave
stack runs on host controller, like C2000

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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EtherCATM & i 2 FIZE G iX LM UK NS &5t 124

« fE100MbpsHT, 100%F) i Z fr) B A%

| |
| ; ' % =
input: 5V | DC jack » EMIfilter > TP;:;:;SO | % <120mW (1.8V), H. = 3
| R E<50mW
| V3 av3 | N N N N
| [ TER 33VTTL | ws I K {RIEIR FOVFAE RS B 22 I S B N
il Ea w5 25
| 6-pin header for il I/O w1 : EPJE{T%H:J‘ u@}z\z
| 3.3V TTL serial to
| usacable |« DP838227 HEF#TLK105L (P2P
| Status LED per ' % 3
| EthercATstenderd | %)
| -
| y 4 3 — |« ZFMACH: TMIVRMIVRGMII
: oy % SPl JTAG UARTO 10/100 Mb/s - I
| MeASP1_ACLIKR_MC LGB <> - - B
] | «—>» =
oo [+ e S M 5 s[5 | AMIC110
MCU | o SP_D1_MoASP_FoX MFSRE ] w |
WIIh - = SPICLK i E |
ehercat  [C1| 5[ 127 5o = |
[¥] SP1_DO0 =
sackand | || 2] || — e B /s [>{SBrsEDs | | | | g " “Z pru-icss
: £ = ECAT_LATCHO L i p ¥ Cortex A8 =
driver for 1]s g ECAE R TRLE a 5 I RS
- 2 @ o | . 300 MHz Industrial
ET1100 {—:— (=] :_Ln - Eﬁ;_;mg? E > | i i | Communication
[ B £ :f;cr!rwa(e Loaded s i = [P & 0 l 32K/32K11 l Subsystem
| SYS_RESETn 1 = | 256K L2 w/ECC EtherCAT®, PROFINETO,
| - = | EtherNET/IP™,
| UART1_TX = I | 64K RAM PROFIBUS, HSRIPRP,
| UART 1 RX - [ 2
LN == T !
: [ oo |
| DDR3 \|]g;[g_gg_’_[;gj_wheEth;A.‘;ve board ID |
| stack runs on host controller, like C2000 : v, Connectivity and 10s GPMC/
e R 65 g5
UsB2 sl X2  (26bi
oy Erm X KB gy
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Tl RS-485/422 portfolio overview

Standard ESD/EFT/Surge Bus-Fault . RS422

Products

Broad offer of 3.3-V to 5-V
Half-duplex and Full-duplex
transceivers optimized to
meet the needs of cost-
sensitive applications with
data rates up to 50Mbps

Products

» Devices with protection in
mind

* Up to +30kV IEC 61000-4-

2 Contact Discharge
protection

* > +30kV HBM protection

Products

* Rugged devices designed for
harsh industrial
environments

» High bus standoff voltage up
to £70V

* Wide common mode voltage

Products Products
» Automatic and uP controlled » Transceivers and multi-
Polarity channel receivers/drivers

» Extended Modes of Operation

» Extended distance/High
Output

» High data-rates, High ESD
protection

Hero Products

SN65HVD308xE
SN65HVD485E
SN65HVD1x
SN65HVD3x
SNx5176/x5176B
SN65LBC180

Hero Products

* THVD14x9 Surge + ESD +
EFT

* THVD15xx ESD + EFT, 5V
vCcC

* THVD14xx ESD + EFT, 3.3
to 5V VCC

» SN65HVD82

+ SN65HVD7x

Hero Products
* THVD24xx +/-70V Bus-

fault & +/-25V common
mode voltage + ESD + EFT

+ SN65HVD178x

* SN65HVD179x
+ SN65HVD2x

Hero Products
* AM26LV32E 4*1x + IEC

+ SN65C1168E
2 TX+2*RX+EC

« AM26C31 4*TX
* AM26C32 4*rRx

Hero Products

* THVD1505 Automatic
polarity correction

* SN65HVD2x Receiver
Equalization Extends Cable
Length

* SN65HVD1794 cable
Invert Function Allows
Correction for Reversed Bus
Pins

* SN65HVDO01 1.65-V to
3.6-V Supply for Data and

Enable Signals -
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Collateral

Content title Content type Link to content or more details

X it e 4 http://www.ti.com.cn/zh-
cn/applications/industrial/robotics.html
www.ti.com/automation
www.ti.com/motordrive

LESER 2K YN PSS DI ]

Tl 2% &t B
TI 2% & it TIDA-00012
TIDA-01401
TIDA-00982
L2 A\ SEILE /KSR T B 3hik H RS http://www.ti.com/lit/pdf/slyy115
% http://e2e.ti.com/blogs /bl/industrial streng

th/archive/2016/11/08/rise-of-the-industrial-
robots-overcoming-the-challenges-of-safe-
robot-human-interaction-in-factory-
automation

TAbHLES ARG . £ Baitb s e ALACE.
H0E7/ 0
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated


http://www.ti.com/legal/termsofsale.html
http://www.ti.com

