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ADI Focus for Industry 4.0

AHEAD OF WHAT'S POSSIBLE™

Industry 4.0 Delivers on Increased Productivity

See where ADI is accelerating the transition to the secure connected enterprise
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ADI Technologies Summary AR

AHEAD OF WHAT'S POSSIBLE™

Servo Drive Signal Chain

(including Trinamic) Functional Safety

Industrial Ethernet

Solutions Cyber Security

SmartMesh® Wireless Proximity Detection
Networks
Power Navigation

& Mapping

Stabilisation

Machine Health & Orientation

Monitoring

Battery Management
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Content

Industry robotic system architecture

ADI Solutions Offer

Motor and motion control -- Trinamic
Current & Voltage sensing

Position

Power conversion

Interface

Networking

Sensor

= ToF

= iTMU

Power

Solution and platform
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ADI Trinamic
Stepper and BLDC



ANALOG L
DEVICES | ADI Trinamic’

AHEAD OF WHAT’S POSSIBLE™
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We Transform Digitél
Information Into
Physical Motion
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Motor & Motion Control AaLOG

AHEAD OF WHAT'S POSSIBLE™
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Module/
MotionCookie ™

|

|

|

| :

| CDriver™
| Controller + Driver
|

|

|

|

|

Predriver
Motion

Controller

Motor Types: Stepper, BLDC
Motor Sizes: mW ... kW
Voltage Range: 1.8...80V
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ANALOG

Problem Solving Differentiators
Energy consumption / heat and power dissipation CoolStep™
Current control based on sensorless StallGuard™ values P
P_ulsatlon N _movement [ vibrations SpreadCycle™
High-resolution microstepping
Audible noise / mechanical resonances StealthChop™

Advanced current control

Dynamic load changes / overload and pot. position

loss StallGuard2™
Sensorless load monitoring

Jerky motion / position overshoot SixPoint ™

Advanced multi-segment / jerk-limiting acceleration ramps

9 Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All rights reserved.



Analog Devices + Trinamic:

10

2 ADI Trinamic
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SPI/12C
UART

Experts in Motion Control

Motion
Control

Microstep
Ramp Sequencer
Generator

Features
State
Machines

A

Motor Driver

Sense / Control
CDR, ICS, CSO
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AHEAD OF WHAT'S POSSIBLE™

BLDC Servo Control System A

Serial Interface Register Bank

Gate Power

F il Driver Transistors

Servo FOC Modulator

Position Control

) Torgue Control
Velocity Control

Flux Control

Encoder Engine =X
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TMC4671 Disc Demo - YouTube

A\

TRINAMIC

MOTION CONTROL


https://www.youtube.com/watch?v=ljCSyqhKkRs

Camera Gimbal Respiration

...winning with precision

...winning with efficiency and fast time to market

and integration

thanks to closed-loop
reference designs

thanks to hardware FOC

AGVs | o &

...winning with efficiency and
code-free building blocks

\.}..

thanks to hardware FOC A
Vo
r

s~




ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

Gate driver 3 ADI Trinamic

BLOCK DIAGRAM

'. .
- .
, v/ 12v TMC6200
* Regulator .
M : 4
VCC :
- Power on RC : """ e
BUS /10 . reset Oscillator cp
. f D. L o] " Motor
. HS-
¥ drive . [ & \
| s = P TLUIN
N I
| enase e
R:
- 4

HC or pC+

! n P/
e R STN ...

Diagnostics &

Short to GND, Short to VS
Undervoltage
Overtemperature

LS-
¥ | drive

Current
Measurement

M

-
L N N N N NN

CURU, V. W
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Gate Driver

PRODUCT

Number of axes

Motor type

Gate current

Motor supply voltage
Controller interface
Shunt amplifier

Short to GND protection
Switching regulator
Linear regulator

Low side charge pump
Break before make logic
Slope control

MOSFET type

Package
15

TMC6100-LA
1
3-Phase BLDC, PMSM
0.5A /1A /1.5A
8v...60V

3/6 line HS & LS, SPI

v
N

QFN37 (7x7)

TMC6140-LA
1
3-Phase BLDC, PMSM
0.5A /1A
6V..30V
6 line HS & LS, UART-TxD
triple
v
3.3V, 500 mA

5V, 10V

v
v
v
N

QFN36 (5x6)

TMC6200-TA
1
3-Phase BLDC, PMSM
0.5A /1A /7 1.5A
8V...60V
3/6 line HS & LS, SPI

triple

v
N

eTQFP48 (7x7)
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TMC6300-LA

1

3-Phase BLDC, PMSM

2V (1.8V)...11V

6line HS & LS

N

QFN20 (3x3)
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TMC4671-LA -- FOC In Hardware

Features:

Servo Controller w/ Field Oriented
Control (FOC) « Torque Control
(FOC), Velocity Control, Position
Control

Integrated ADCs, A2-ADC Frontend

Encoder Engine: Hall analog/digital,
Encoder analog/digital

Supports 3-Phase PMSM/BLDC, 2-  «»
Phase Stepper Motors, and 1-Phase ‘___’
DC Motors

Fast PWM Engine (25kHz ... 100kHz) :
Application SPI + Debug (UART, SPI) —

POSITION control
VELOCITY control

Step-Direction Interface (S/D)
QFN76 (10.5x6.5) package

16
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USB-2-RTMI

RTMI TMC4671

L]
REGISTER Bank o Motor
L]

.
.
. ate
.
.
.
.
FOC23 o
° q
TORQUE & .
.
.

FLUX control

ENCODERengine [




TMC4671-LA -- FOC In Hardware

TMC4671 Servo Controller

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

CPU
Interfacing & Register Bank
N =, a FOC PWM
X = P L Py - PiDg
iPARK ) ICLARKE o B U SVPWM PWM —= BEBEM Puwar PHSM
] Stage MOTOR
0 PlDs |
VELOCITY
[ MEASURE
PHI . L Position
emcred, smeodses] Sensor
MOTOR CONTROL ARk W5 | e coRRENTS be
b by
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TMC4671 pin function for BLDC/PMSM

Dig. Hall IF Ref. Switches
~—=*—, Dig. ABN Encoders "_;"-
= — i
. 375 33z se= - 333
Wi o G - | (- o ||.|.II.|.I.|.I
ho T £ ££ £ L8
‘JCU [(HHHHHFHHHHHHHMH H HH] Tie to VCCID or
VCCIo a {1 PWM_IDLE_H | GND according
VCC_CORE ] PWM_IDLE_L | to PWM signal
. u polarity

I Decoder Engine
] W

b I o
SPI_CSN [ ] — PWM_UX1_H
SPI_SCK [ ] c e [] . EI
SPI_MISO [ ] - ™ PWM_UX1_L 1 BLDC Motor
SPI_MOSI [ 't Ik
b Foc S . PWM_VX2_H -
UART_RXD [] — ervo " - g ﬂ
UART_TXD [ | [ c l = (] Slia™ IR-Z--T EI@
= ontro - L pamwyn [ Gate Driver L
m w T
GPIO_0 _ GPI0_7 [ ] o c PWM_ WY1 L [~
. ore ) WL .
0 a L, PWM_Y2 H | Shu_nt
STATUS [ ] o [ : Amplifier
& |- Poit - PWM_Y2_L —— P
ENI [ ] Ilsiits
' 1 Iz Ig
nRST [ ] = | BRAKE @aow
L [ v v
oS5V ; ENO
P ws L ADC Engine and Analog Frontend ]
Wy
I L H P HHHHHI LH H 'I' . R
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Analog Encoder IF
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ANALOG

TMC4671 — Get Started i3S

Start your design easily using Trinamic’s evaluation boards and kits

= Open source: access to all registers using Trinamic's own software, allowing you to develop
your own firmware

Open-source breakout boards for rapid prototyping
= Can be used on a breadboard or with flying wires
= All sensitive signals are routed on the BOB itself

N.O

= iggw
o §
5 88 g, el
I \_TRINAMIC_< > |

TMC4671+

TMC4671- TMC4671-BOB TMC6100+TMC4671-EVAL-KIT TMC100-BOB
EVAL

19



TMCL-IDE

Connect & get Started
Parametrize & Program
Analyze & Debug

Intuitive

It's free to download & use!

TMCL-IDE page

v & ID1: TMCM-3110 [V 1.11]  no alias
¥ Direct mode
(J Global parameters
@ Parameter calculator
{8 User variable display
@] Settings
W4 coolStep
v Control mode
| velocity mode
(%] position mode
v Info graph
Velocity graph
Position graph
v Info display
= Axis parameter display

Settings
s coolStep
v Control mode
Velocity mode
@ Position mode
v Info graph
Velocity graph
- Position graph

v Info display

e IR Ade mmamesahaollomlas.

il
| 3 TMCL creator @TMCM-3110 : COM3-Id 1

DM 2 BB M DEE ¥ O
leftRight.tmc B3

ove repeatetly left and right
= eheatetly - 1G

loop:
MVP 1,0,100000 move 100000 ticks right
WAIT P0S.0.0 / wait to arrive
MVP 1,0, -100000 // move 180680 ticks left
WAIT POS,0.0 wadtl t0 arrive
JA loop I
12:8 Modified Insert

Position graph @TMCM-3110 [Aa] <1st motor of 3> : COM3-

107
08 T
05 7T

02t 20s 21s 22s 23s



https://www.trinamic.com/support/software/tmcl-ide/

Motion Control

AHEAD OF WHAT'S POSSIBLE™

A
=
o
=]
]
vit) > Anom Vrom Noam
i reached reached ) ) _ reached
v_max | -bow Vrom | -bow i
+ 9
2
,bf\ Av \o’q,, Anom i “Fnom
v_min v 1 .
1 Il >
tg +— Aty —>  t; t taty ts4— Atsg —» 15 trta i i i
i il bow bow
acceleration constant velocity deceleration | acceleration deceleration; | i £ ]
N - ramp phase 1 2 3 4 5 6 7 time
LI n ear ral I I p I n g Mopom : number of steps Wegen ¢ maximum velocity
Anom * maximum acceleration B : increase of acceleration (bow)
S-Shaped ramping
motor . . acceleration
v 4 I acceleration phase I deceleration phase I
stop | [ phase
VMAX b e I | R
I I
I I
Vi I I
I I
I I
|

VSTOP f---memmeve-

v @?‘ e

0

VACTUAL

TZEROWAIT
. ¥

sixPoint™ ramping
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ANALOG

TMC8670 --- Most Integrated Part
Features

Field Oriented Control (FOC)
Servo Controller
= Torque Control (FOC) : 0SS E :

Servo/ FOC Block

: :

Ml . :

Phy g M
. EtherCAT - REGISTER Bank

Slave

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

= Velocity Control

= Position Control  Slave

. E Gate
Sensor Engine (Hall analog : R — 1 e
digital, Encoder analog/digital) s o
¢ . e POSITION control TORQUE & j ¢ n

Support for 3_Phase PMSM and E VELOCITY control FLUX control

ENCODERengine

2-Phase Stepper Motors

PWM Engine including SVPWM
e Two Mll interfaces to external Ethernet PHYs plus management interface
e Four Fieldbus Memory Management Units (FMMU)
e Four Sync Managers (SM)
¢ 4 Kbyte of Process Data RAM (PDRAM)
UART interface e 64-bit Distributed Clocks support
e |IC interface for an external SII-EEPROM for ESC configuration

23// Analog Devices Confidential Information. ©2019 Analog Devices, Inc. All rights reserved.

Integrated EtherCAT Slave
Controller, CoE protocol CiA
402 drive profile



TMCM1617 --- Custom Module Offer

Features

24 //

e Servo drive for BLDC motors

e +8...28V DC supply voltage

e Up to 18A RMS max. motor current

e RS485, CAN&EtherCAT®interfaces

e Incremental encoder feedback

e Digital HALL sensor feedback

e Reference switch inputs

e Cooling via aluminum housing

e L/W/H: 36.8mm x 26.8mm x 11.1mm
e Weight: ca. 24g

e Customization options

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

+8 ... +28V DC

TMCM-1617

L]
WM @=L

EtherCAT 4———
.

CAN ‘el

RS485 4t}
el

GPl ——p———————)

s
AIN

« 3
REF =)

Position o Servo
Feedback o @ ’ Controller
.
.
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TMCM-1617-GRIP-REF

Features

Benefits

Supply Voltage: 8...28V
Phase Current: Up to 2.56A

Interfaces: RS485, EtherCAT, 10-Link

Fast, deterministic & High performance Motor
Control

Advanced Diagnostics

1x Precise configurable analog Output

1x Precise configurable analog Input (MAX22000)
4x configurable digital I/0s (MAX149086)

Efficient Cooling

No Software development required.
Easy deployment using TMCL-IDE

Small Formfactor
(to be mounted in a ISO 9409-1-50-4-M6 Flange)

Applications

25

End of Arm tooling (EoAT)
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EtherCAT __
(CoE)

RS485
(TMCL/ ——
MODBUS)

10-Link ——

AQIO

)

MAX22501E F—

——
)

MAX22515

" TMCM-1617-GRIP-REF

TMCM-1617

TMC8462

I

<{>

.

—
)

GND

MAX 22000
Pr

AR

A0

/ Proximity

Sensor

—/
)

MCU

[

TMC4671

TMC6200

3-PHASE
PMSM/BLDC

<{>

DCDC

MAX 14906
Pr

DIO

)

sy

is |
‘ HALL
C~ 5
-

A
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ANALOG

Traditional Robot Diagram

Gate Driver V/I Sensing Position Feedback
c ADA4571

Power Supply *  ADuM160 * AD7401A AD2S1205
ADuM4135 *  ADUM770X * AD7380

Position Feedback
Options

‘Live’ Circuit IGBT Module

Eco-system

15V_iso

PWM(6)
ENpwy

*o Feedback
Selection

- —
gg——
8 g—MM

End effector
(Tool)

kAR ADXRS453 ’ Q
FIDO5200

Comm. Interface
ADM2587
. ADM3053 + ADSP-CM408

ADXL354/5

Servo Drive(s)
Robot Control

PH 3 3= C
s 25 |[®

AR
= °°

27 // 11 October 2022 . o ) . )
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Cobot Diagram

PLC

Robot
Controller

=

[T

Industrial Network

To other robots/controllers

28 ©2021 Analog Devices, Inc. All rights reserved.

External I/O

ANALOG
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Integrated Motor Drive

Teach
Pendant

Internal Network

\ O‘ :Depth Camera
-

End Effector
Power
Distribution

. TO sensors/actuators
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Current/Voltage Sensing
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AHEAD OF WHAT'S POSSIBLE™

ADuUM7703, Integrated LDO ARS

Space saving package RI-8, 8-lead wide body =45

SOIC "l

ADuM7703/04-8 only devices with integrated Ji@i{ : ﬁ%ﬁr

LDO in 8-lead package - - = o
N i

No external LDO or bootstrapping required J v <

= Delivering board area savings, fewer MODULATOR
components

= Bootstrap zener diode breakdown voltage varies
vs. temperature adding additional offset error

= Current loss through Zener

ADuM770x reduces system size, weight and cost
compared to competition

30/ Analog Devices Confidential Information. ©2019 Analog Devices, Inc. All rights reserved.



ANALOG

Low Voltage Current Sensing

AHEAD OF WHAT'S POSSIBLE™

Low Voltage Vpc

IU’IV1IW

Low voltage DC bus option in cobots

and light payload robots oy
= Controller Box space saving Iy
= Wiring reduction Qf}) @})
Drives integrated into robot arms, gl |
joints

. . . Motor
Typically 48V — No isolation P T control

. Sync

requirement Ly e < High speed
= Shunt + High common mode amplifiers Timer 2.0 MHz

9 V/us slew rate

High input common-mode voltage

Isolated signal chain may still used in i O COn LU R

LV systems for noise reduction Small packages for integration in robot joints

8-lead SOIC_N
8-lead MSOP

Low drift: 1.0 pV/°C max

31/ Analog Devices Confidential Information. ©2019 Analog Devices, Inc. All rights reserved.
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Positioning

Analog Devices Confidential Information. ©2019 Analog Devices, Inc. All rights reserved. 32 //




Robot Electromechanical System

Motors drive robot arms via
precision speed reduction
gearboxes

Joint angle measured via precision
motor mounted shaft angle sensor

NG

Safety brake holds robot arms in
position when power is removed /

®

Vi
4

/

T G

D\
/

\

= Cross section

Motor

Angle
Sensor

\

hi

33/ Analog Devices Confidential Information. ©2019 Analog Devices, Inc. All rights reserved.
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Safety
Brake

/

Gearbox

/ Arm
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XMR - Measurement arrangements

@ Incremental

@ AMR Length Sensor
_ Absolute Position
(Vernier or Nonius)

@ Incremental + Index

@ '

y

LY
S [T T

Absolute Position

ADA4570/1
34//
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XMR- Position Sensing AR

AHEAD OF WHAT'S POSSIBLE™

ADI xXMR Multiturn can be the disruptive technology to replace existing
solutions

+Zero power, battery-less
+Small formfactor

Wiegand-based multiturn counter

Wiegand

+Can be combined with angular position sensors wire wrop "
. with picky o
+Cost effective i R

't / Opp‘;?:"e
|\/|U|tI-TUI’n ADMT4000 \\\ Permanent-
« 40T today mogre pole

Machine Tool Applications
Short Range Linear Motion or Tracks

wn-—ctill caviaral \lnﬁr

P Laon_nalti_t
wIVUOoCTU I_UUIJ numni—wurnrouir sovoidlrycd

35//

Lint;ar Posi}ion \ Combines Angle sensor for Motor
ensor % Commutation & Multi-turn Sensor
. " N _.*Lj isplacement measurement. | _ . _N\_._._._J_ S_TSNEES _ _ _ _ _ . _ _._. -

-k
0

2 P T
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Power Conversion

Analog Devices Confidential Information. ©2019 Analog Devices, Inc. All rights reserved. 36 //
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Gate Driver Companions

AHEAD OF WHAT'S POSSIBLE™

Protecting Programmable

o G0 G0 To G0 Go Go o & 5

oy Automotive Qualified = b = tg = = ;fz
. 3 3 3 3 3 3 3
&> Automotive Capable = = = s S S S
= = = = = = =1
a a a a a a a
< < < < < < <
1200V XM3 Module 400A, 425A, 450A XM3 C.I'_* C C C C,E*
O—O 1 ’
1200V HM2 Module 325A HV2 A C C C C C
1200V BM2 Module 120A, 300A BM2 g CE ¢ C C c
1700V BM2 Module 300A BM2 o V,E*
1200V CM2 Module 20A, 50A CM2 o C C C H
650V C3M MOSFET 15mQ, 60mQ D.K,J ‘ oo cC CE* C HR P P F P P PR
900V C3M MOSFET 30mQ, 65mQ, 120mQ, 280mQ pks W W OE c c c H P P F P P P
900V E3M MOSFET ﬂ 65mQ, 120mQ, 280mQ D ‘ C C C H P P F P P P
1000V C3M MOSFET 65mQ, 120mQ JK N o= C C c H P P F P P P
16mQ, 21mQ, 25mQ, 32mQ, 40mQ, i
1200V C3M MOSFET oy T, O, S, se | K " E = C C c H P P F P P P
1700V C2M MOSFET 45mQ, 80mQ, 1000mQ pp ® - v
C - General companion recommendation
* - In development . H - Preferred for Half Bridge Configurations
E - Evaluation Board Exists F - Preferred for High Frequency Applications
T - Test Report Exists V - Preferred for High Voltage Applications

R - Reference Design Exists P - Preferred when paralleling switches

Analog Devices Confidential Information. ©2020 Analog Devices, Inc. All rights reserved.


https://www.wolfspeed.com/cgd12hbxmp

CGD12HBXMP DEVICES

AHEAD OF WHAT'S POSSIBLE™

Evaluation Gate Driver Tool Optimized for the XM3 Module Platform

Specifications

ADuM413

2-Channel, Single Half Bridge
Isolation Voltage of 1000 V
16-Pin Interface

10A Peak Gate Drive Current XM3 SiC module
Direct low inductance mounting

Dv/Dt capability of 100 kV/us

Maximum Switching Frequency of 80 kHz

Features: Wolfspeed ADI
o _ _ Products Products
= Optimized for Wolfspeed’s XM3 SiC half bridge power module CABASOM12XM3 ADUMA4135BRWZ
= 2W isolated supplies support 80kHz switching frequency CAB450M12XM3 54(% g\;ate vacet: MagTetic Coupling
rms anne
= User configurable turn-on & turn-off gate resistors CAB450M12XM3
. . 1200 V, Silicon Carbide
= Qvercurrent, shoot-through and reverse polarity protections Conduction-Loss Optimized XM3
. .. . . . . Half-Bridge Modules
= Differential inputs for increased noise immunity 20
: . : o . LT3015
= Very low isolation capacitance (<5pF) and 100 kV/us common mode transient immunity (C 50mA, 3V to 80V Low Dropout

38//

Micropower Linear Regulator

Fault and power LEDs

Analog Devices Confidential Information. ©2020 Analog Devices, Inc. All rights reserved.


https://www.wolfspeed.com/cgd12hbxmp
https://www.wolfspeed.com/cgd12hbxmp
https://www.wolfspeed.com/downloads/dl/file/id/1498/product/397/cgd12hbxmp_design_files_june_2019.zip
https://www.wolfspeed.com/downloads/dl/file/id/1495/product/397/cgd12hbxmp.pdf
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39//




ANALOG

Force Sensing in Robotics

AHEAD OF WHAT'S POSSIBLE™

1SO/TS 15066:2016(E)

Collaborative robot applications require force

Table A.2 — Biomechanical limits

Quasi-static contact Transient contact
. ..
I I m Itl n g by |aW Ma"i““?{:; Maximum Maximum Maximum
permissible permissible | permissible
Body region Specific body area pressure a pe;;r;lcsesjfle pressure force multi-
s multiplier © plier ¢
. . N )
= Contact with the robot should not cause pain o n_|
Skull and fore-| 1 Middle of forehead 130 not applicable )
head d 1 130 - not applicable
ed 2 |Temple 110 not applicable
Faced 3 |Masticatory muscle 110 65 not applicable | not applicable
4 Neck muscle 140 2
Neck - 150 2
5 |Seventh neck muscle 210 2
Back and shoul-| 6 Shoulder joint 160 10 2 2
- - - ders 7 Fifth lumbar vertebra 210 2 2
Application level motivators 0[St 2
Chest 140 2
9 Pectoral muscle 170 2
- - Abdomen 10 Abdominal muscle 140 110 2 2
= Precision assem b|y pelvs 11 [pelvichone 20 190 2 2
N 12 Deltoid muscl 190 2
Uppufn‘msdml eltoid muscle 150 2
. . . . . . . elbow joints 13 Humeru s 220 2
= Quality improvements in polishing & grindin i raton :
Lower a d
C o 15 Forearm muscle 180 160 2 2
wrist joint { 1 |
16 |Armnerve 180 2
|

Tool damage prevention
Increase productivity

Human safety, 65N limit

Precision applications, 0.1N resolution

40 // Analog Devices Confidential Information. ©2019 Analog Devices, Inc. All rights reserved.



Force, Torque, Tactile Sensors

AHEAD OF WHAT'S POSSIBLE™

Sensors can be placed in

= Joints

» Intermediate end effectors (wrist)
= End effectors (grippers/tools)

Multiple sensor types

= Tactile
= Mems 3D Force Sensor (OMD)
= Resistive Sensing surface
m Force &Torque Reflective layer
= Current
= Capacitive
= Pjezo Ll
. Sensing element =]
= Optical

Light emitter

= Strain gauge

41 // Analog Devices Confidential Information. ©2019 Analog Devices, Inc. All rights reserved.



Force Sensing Solutions

Typical wrist force and torque sensor

= 3 stress beams

= 4 strain gauges per beam

= Typically 4mV/V to 80mV/V sensors

= 6X simultaneous sampling half bridge channels
= Sub 10kHz sampling

|deally suited to ) A signal chain

ADT77X

= 8x sim sampling
» Integrated PGAs, 1x, 2X, 4X, 8x

Configurable filters

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

Strain gauge #1

Test Specimen

Bridge unbalanced

EXTERNAL REFERENCE
AVDD3 ¢y AVDD33V 10VDD 2V TO 3.6V
T
AV -;E ‘ ‘ ‘ ‘
- AVSSx  |AVSSx  |AVSSx 5
O
W AVDD4 AVDD2x ARECXCAP IOVDD DREGCAP SYRCTN
vem O-< | BUFFER e SYNC OUT
IN+
_ DRDY
ouT. E OUT+ O Aot
. -1 DCLK
phas W] ————5  AN-O) =1 anc DOUTO
ouT- ouT Bt 21 sPRIAL pout1
Ty T | INTERFACE DOUT2
* 24 BIT GAIN/ -] DOUT3
INZ . A oFFseT [—1 SINC3 -
T SRC
AINT- ) CAL.
cs
1 SPI T
CONTROL
DIAGNOSTIC INTERFACE sDO
INPUTS spi
FULL BUFFER
AUXAIN+ WUX ™ / 12.8IT
AUXAIN ’> {_sAR ADC CONVST_SAR
Pt e P F F ™
i o s L et
GPlo2 CLKSEL [xmu XTAL2 FORMAT1 ~ FORMATO
T0
GPIOD 0—
AVss
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What IMU Looks Like? s

AHEAD OF WHAT'S POSSIBLE™

BE. BE. RIS RE
HEWRE TsTM’Ez’ESUBE%'J
| ' :
i — > — > !
o : 8 e
- = B | feRigs | Am —
‘> —4’ 1 ~,
| ~ = . sl — B >
|z 2K s 4 B N
1 <z 6 T E G
R iﬁq. +/RE B i
A R Y | Prbl i o ADIS16500/ADIS16505/
! : jf‘ﬁ ADIS16507 IMU
: > > E :
! | HeogaTRS
ADI IMU | | GPS. k. A BOCEA. . HEnwigEs
\ J
|
“@ }E\Zn N — A =Nors =5 \/\ I_\ > : ® xé
> TR B ERE =R : A-2F T
> MHERERUH ErE R : HER o
> MR B ErE R : 1057080 e
> BB EEE R A gt OC
> E BRI BB B A : TEARSEAEEE
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DIS16500
DIS16505
DIS16507

‘/Compact Performance

® In-run bias stability of 2.5°/hr and 3.6ug (industry leading)
* Lowest angular random walk (0.15°/vhr) and velocity random walk (0.012 m/sec/vhr)
® Gyro range: 500°/s, Accelerometer: 8¢9

® Achieved via extended factory calibration -
vInd ustry-Leading Compact Footprint S

® Much smaller than Fiber Optic Gyros (FOG) used in prototype vehicles today

Y ’
, vl * vaw/Rolpitch ~ €ompact Performance ANALOG
X SMT IMU AHEAD OF WHAT'S POSSIBLE™

Extended Factory XyZz
Calibration

Low g GYRO

> > >

v'Robust performance in automotive testing environments 6-DoF IMU available

* High level of immunity to vibration (0.01°/s/g) and shock (2,000g) over -40 to 105C deveﬂgg:ﬁgﬁ{ igﬁo scale)
temperature range '

® ADI's iSensor portfolio is already on the road in Autonomous Driving prototype systems

45 _ , . . . . October 2020
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Environmental Awareness Sensin
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ANALOG

Application Examples of Environmental Sensing

Obstacle

+ AGV moves « AGV slows * AGV uses * Production
around an or stops sensors to system
obstacle or near map identifies
another humans dynamic different
AGV « Robot slows environment items by

e Robot or stops dimensions
avoids a with human » Robot picks
companion in vicinity randomly
workpiece sorted

objects

(3 depositphotos
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ADTF3175 — Crosby ToF Module BEVICeS

AHEAD OF WHAT'S POSSIBLE™

Specs
= Field of view (FOV): 75° x 75° @ 1024 x 1024
= 43mm X 31mm x 15.1mm

Modes of operation

= QMP (512 x 512 binned)
= shortrange (~0.1m - 1m)
= |ongrange (~ 0.4 - 5m)

Multi Elements Lens |_|[H_|

= 1MP (1024 x 1024) ] s |
* shortrange (~0.1m-1m) —  |PEPES . ;F'w LH %
= long range (~ 0.4 - 4m) 1{124;13.?_4 me_
. .. E BS1 CMIOS Arra = é
Operating conditions Sk
Fo: | = v
= Reflectance range: 15% - 90% (Lambertian) tuminstionModule | o000 —— 2 &
= Ambient temperature -20°C to 65°C veseL [« ﬁyﬁ .
e
= Ambient light < 5,000 lux Driver|c < cvomee |1 1 5
(~1 W/m? @ 940 nm +/- 25nm) s = - 0 Q
VLD -

ADSD3100 3D CAMERA MODULE -
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System partitioning — ISP on motherboard

\ Temp. sensor —]

EEPROM

Firmware (Image sensor

VCSEL <—{ Laser DriverJ & Depth ISP)

Calibration data

TLSMOD ISPI iSPI
e A
MIPI .
TOF J Frame Sync ADSD3500
Sensor | SPI
SRESA GPIO/INTRQ
MODULE 0/
v |3
I e |=
5 |3

Application Processor
HOST

MOTHERBOARD
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AHEAD OF WHAT'S POSSIBLE™

1MP ToF Eval/Dev Platform: Condor

: \ ¥ 4 :
Crosby Pulsatrix 4\ Carrier 4 Windows/Linux/MacOS A

module interposer i.MX8MSOM board
., GUI

SDK

. J
\ ¥ ¢ L | USB 3 or
g V4 L @ ‘ hatwqrking
g ' 4 NXP i.MX8M
: Radial to XYZ
Crosby. 1MP ToF module | \ g
Pulsatrix interposer: HW depth engine, module power support 12C/SP] T MIPI
Reference Linux MIPI drivers . -
SDK for both embedded and PC Pulsatrix
Enables customer product development Depth Compute
= Crosby: ADI production module (RTS Aug 22) 1
= Pulsatrix, Power, Host AP: Reference design collateral for 3" party customization 12C/ SP',, MIPI
Shipping now in limited quantity (w/o Pulsatrix)
. - . Crosby Module
Wider availability w/ Pulsatrix: June 2022

50
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ROS Hardware/Software

AHEAD OF WHAT'S POSSIBLE™

Eval SDBEWE1212 Fual _RUHMG KR F

LTV e U] LHILH L1,

.Jl iI -i‘
1 1

-

ROS: A widely accepted robot
system middleware that enables

(USB/Ethernet) and Gazebo
plugins to relevant components
and subsystems

inter-operability between robotic
subsystem components

- In progress

= |IMU iSensor Buffer Board

= 3D ToF (Swan)

= ADI Github — Dec 2021 - ol

= Official ROS release — Jan 2022 - ———
- Other O pt lons CONTROLLING BRUSHLESS MOTORS WITH ROS

= BMS

= ADBMS1818 18-Cell Battery Stack Monitor

= Motor control
= Maxim Trinamic Motor Control for LV Brushless motors

GAZEBO

Robot simulation made easy.
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Signal Option Card

AHEAD OF WHAT'S POSSIBLE™

AR 7 kg S aERH Max. + 220°
BE BAERE 850 mm (IERE) —

BAEE 1000 mm (5 kg AT R 29 kg ===y ===
mie DI B R 2 NS ELEDITIR PSSR IP 54 (FEHIEHIE) oo

BiREE 200-253 VAC, 47-63 Hz

REE SR EAERESTET FEHThiE 250W
NBFIRA SRS ALE BT (NPU) BAHER 8 A@ 230 VAC
EEEUBE 0.05 mm HiREG BE.5-40°C
TCPEMEE 1.2 m/s EE 80 % RH (FE45E)
TCPERAEE 20 m/s
BAETEE FEH 1141 BRREAE ETFNESNERLNSBEABIAER

T2 141%s

%15 3 160%s Y Python-APl, BEERABPRE

=T 4:180%s RiEES

F¥i 5:180°%s ER =B E NIRRT Robot

%5 6: 180%'s "EQ Controller
T2k ES: B2 L 84E STO, SBC
fE ED: fERERE
EN ISO 10218-1 Ont: e I]:III:I:H
SRS i) SLDS: 22 MRHINREBE
Pld Cat 3

SLDP: S22 [RFIFIEE) i B
SLDT: 22 RAHREmHE
SLRP: &£ [RHIFINE AHE
SLCP: 2 RAME FRAERUE o B
SLCO: =2 MRHIEE FRATR A E
SLCS £2RHIE FRAIRREE il = V+ 24v ov VSE OV 4858
SLCF: £ RHNHFRLITRD Ethernet! usB eecvoo [|[os]

PS: R EF L

o ERHEEEMI0ED lH 1 5 1 5
i #1601, 16 D0, 4 Al, 4 AD, FFfEthernetiE i, | & N SHE o A
gk A= * 58 SafeDl, 4 SafeDO (safe Ins-and Outs)
£ FOPC UARIFEIE (SPS, Cloud)
Y B HIRHE: 2 AL 24V
LT MBHEI(8 Pin): 2 DI, 1 D0, 2 Al/ModbusRTU, 1D1/0/10Link DI(1~8)

SRR (TR ) FPL 31405 678
2 DI, 3 D0, 2 Al Modbus RTU, 1DI/0/10 Link, F#Modbus and 10 Link DEOIOECNCNON)
MEHECD(6 Pin) 2O, ZFLIARERE
FHH ER2EL 1 8 1 1 8 1 8
EEER 16 9 16 16 9 _Im ol
RIEEOR L Er eI EE ) v+ - v+ ;
FEAL/EAN e B ¥ Y

P5

P6
Al/O
SVA Ch1 Ch2 SVA
(o]
1 sl (|1 4
16 a9l lls 5/
AG

DO(1~8) DI(9~16) DO(9~16)

90NRBUBE | | 9101 RDBMISE
R e e eoo0o0ee

1 4
- o VN ON oFF V. asEA

en
” w
S
L 4]
s 0
L JEN]
L K-

|

© o

I
I
T
I
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AD4111/2 Simplify Al Design B

AHEAD OF WHAT'S POSSIBLE™

>1Mohms input impedance All the channels were trimmed Single 5V Supply ~ AD4111
Excellent matching btw channels . _
Broken wire Detection = _
AD4111 e
50V+ OVP = w/ OWD feature
v ADuM5411
w O S \ = 4-se Current channel
11 ~ +11V M:L > """"" <—+5V } E - .
VA = 4-diff/8-se channels
— | > X 24Bits spl | 3E = 6.25kHz CH switching
Wider input range : > __________ ) —
Up to +-20V T = A | |—— | 3€ = IMohms impedance
linl o—
4—
ETE S | 3¢ = wio OWD feature
-0.5mA ~ +24mAV 500F  [------
g s 4-se Current channel
. s00F [ _____] / 3 E .
lind o—
4 Y \
System Calibration Free » SPI CRC & diagnostic feature
» 50/60Hz Rejection
» HART filter

Embedded Current Sensors
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Software Configurable 1/O - SWIO

—
ANALOG RTD 2 >
INPUT
g
=9 . o o
B
[—

ndinQ Jo 1nduj
31910SIq 10 boreuy

PaINDIJU0-9IeMJ0S

RTD
ANALOG .
UUTPUT rununum" A m

DISCRETE
OUTPUT
—_—

'Y

Vine I Vours +14V to +28.8V
HY Flyback
Switch Rectifier |

ADP1032| S AD74412R = == =

AD74413R |ﬁ I

R

A

af

Any function, any combination

L

. 4

g I'eak

. . . 5:‘-3 Vi [

on any pin, no restrictions for i |

. “r age 3 ql I
ultimate flexibility —| =

1

Industrial IO on Demand I
AD74413R

AD74412R
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MAX14915, MAX14916, MAX14917

Industrial Octal High-Side Switch with Diagnostics

Robustness

= 65V ABS MAX Supply Range

= Fast Demag for Inductive Load

= Integrated 1kV surge protection per IEC 61000-4-5

Outputs
= Accurate Output Current Limiting (0.7A, min)
= 250mQ (max) On-Resistance at 125°C

Diagnostics

= Oﬁen Wire/Load Detection, with Switches On and
@)

= Qverload and Current Limiting Detection
= QOver and Undervoltage Detection on VDD
= Thermal Shutdown Protection
= Loss of VDD or GND Protection

Interface/Control

= Addressable SPI allowing multiple MAX14915
sharing a common Chip Select

= CRC Error Checking on SPI Interface
Compact 6mm x 6mm QFN package

READY

OWOMNSET
CRCEN
SYNCH

COMERR

DAISY
AQ/WDEN

AI/SYNCWD

s
cLK
sDI

500

FAULT

LHS1-4

LH55-8

LHF5-8

VDDOK

W Vi REGEN Voo
T l Voo —4
DRIVE 4
+
< e REGULATOR MONITOR
EN J
Voo —
3
» DRIVE+
“1 MOMITOR
> @ MAX14915 o
CONTROL
> Voo —4
y
DRIVE+
- MONITOR
EN J
Voo —
_____ > 2
WATCHDOG M%Tl:;%k
—I_ —————————— >
EN _+
VoD —
> y
DRIVE+
. SERIAL MONITOR
o INTERFACE
> & EN J
7] REGISTERS Voo —4
< " N
DRIVE+
MONITOR
<
DIAGNOSTICS e —2
Voo —4
v 4
DRIVE+
MOMITOR
LED EN .
DRIVERS Vb —
d MATR N
DRIVE+
N MONITOR
l l l i "
uwy o ™
g8 §8 &5 &% EN GND

ouTs

ouTe

ouTs

ouT3

ouTz

oun
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MAX14915, MAX14916, MAX14917 2
Industrial Octal High-Side Switch with Diagnostics

Robustness
= 65V ABS MAX Supply Range

= Fast Demag for Inductive Load MAX14915 MAX14916 MAX14917

= Integrated 1kV surge protection per IEC 61000-4-5 Octal Output Current Limit (A) (min) " o .
OUtpUtS ad Output Current Limit (A) (min 1.4 2.4 1.4
= Accurate Output Current Limiting (0.7A, min) Quad Output Cu it () (min) ' ' '
= 250mQ (max) On-Resistance at 125°C Addressable SPI Yes Yes No
Diagnostics Enhanced Diagnostic Yes Yes No
= Open Wire/Load Detection, with Switches On and : : — : :

Off Daisy Chained SPI (limited diagnostic) Yes Yes Yes
= QOverload and Current Limiting Detection
= Over and Undervoltage De_teCtmn on VDD Budgetary Price @1k volume $4.18 $4.53 $3.88
= Thermal Shutdown Protection

= Loss of VDD or GND Protection
* MAX14917 is pin compatible with the MAX14915 only in daisy chain

Interface/Control configuration. It is a limited features, low-cost part for low-end application.

= Addressable SPI allowing multiple MAX14915
sharing a common Chip Select

= CRC Error Checking on SPI Interface
Compact 6mm x 6mm QFN package

57 Analog Devices Confidential Information. ©2021 Analog Devices, Inc. All rights reserved.



RS-485 In Industrial Connectivity

RS-485 (and RS-422)
are flexible
physical layer

Application
Presentation
Session
Transport
Network

Data Link

Physical
OSI Model

58

Applications Multipoint

VA

PROFIBUS, Interbus

AM

I Industrial I/\V AV
Processing
o

Motor Control

o Hiperface DSL Robustness

O
\ Y%

Buildi [ ESD

ulding o2 EET

HHE Automation _l;}Noise
Modbus RTU, BACNet

Analog Devices Confidential Information. ©2022 Analog Devices, Inc. All rights reserved.
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Reach (21km)

1000




ADM286xXE/ADM256XE Family

3kV / 5.7kV Signal & Power Isolated RS-485

Transceiver | g o
= Half or Full duplex transceiver

= 500 kbps or 25 Mbps data rate over 192 nodes
» Level 4 IEC61000-4-2 ESD robustness on bus pins
= Smart cable invert feature

Isolated DC to DC

= Wide 3V to 5.5V input, 3.3V or 5V output

= 5V output for PROFIBUS DP

= Meet Class B Radiated Emissions on 2-layer PCB

Isolator
= Supports I/O from 1.7V — 5.5V
= 225kV/us common-mode transient immunity.

=z
Qo
i
O
w
=
o
14
o
[m]
(72}
w
A
hi |
o
(=4
o
=
©
(&)
w

Isolation / Package
= Smallest form isoRS485 on 16L SOICW body size

= 5.7 kV, 8mm creepage, MG | for reinforced
insulation

ISOLATION
BARRIER

59
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M-LVDS : Optimised Backplane Communication  Homve

Multipoint
High power
Slow

Multipoint
High Speed
Low Power

M-LVDS

Multipoint
Backplane

High Speed
Low Power
Point to point

\_ PZPBackaane)

M-LVDS Key Features
Multipoint across 32+ nodes
Up to 250 Mbps per lane
Wide common mode range

Low power consumption
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Why M-LVDS for Motor Control

61

—
N
I
=
(&)
-
©
=
©
—
©
@)

Bi-directional at 200 Mbps over 30m+
Bi-directional at 20 Mbps over 100m+

Controller

<

o
»

>

&)

M-LVDS

AA

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

vs)

[®)

4 D

Temp Vision

Datarate for Positional Encoder Sensor Sensor
Feedback

100.0E+6
90.0E+6
80.0E+6
70.0E+6
60.0E+6
50.0E+6
40.0E+6
30.0E+6
20.0E+6
10.0E+6

000.0E+0
1980

1990

o >

M-LVDS
Device

g

Topology Differential, Multipoint
Maximum Data Rate 50 Mbps
Power Consumption High, 165mW — 425mW
Min Output Voltage 15V

Tiioj?ne 2010 # of Devices, Distance Up to 256 over 1km+

Analog Devices Confidential Information. ©2022 Analog Devices, Inc. All rights reserved.

Servo Motor
Motor Encoder

Differential, Multipoint
250 Mbps

Low, ~ 60mW

0.48Vv

Up to 32 over 30m+



High Density M-LVDS Transceivers

Full duplex

Low power solution in a compact packages

Low latency, skew and jitter performance for optimum Sl

Hot-swap and system level ESD for robust end systems

Extended industrial temperature ranges

ADN4690E/
ADN4694E

Reduced dynamic power consumption
Skew less than 5% of unit interval at 200 Mbps

Level 4 IEC 61000-4-2 ESD on M-LVDS I/O

62
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Quad half duplex

Vee
"
S

ADN4680E

GND
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ADIN1300: 10/100/1000 Robust Industrial
Ethernet PHY

ADIN1300 10/100/1000 gigabit PHY
Small footprint: 6 x 6mm 40-LFCSP

Extensive EMC/ robustness testing
|IEC 61000-4-5 surge (+4 kV)
|IEC 61000-4-4 electrical fast transient (EFT)(+4 kV)
Low power: 350mW IEC 61000-4-2 ESD (6 kV contact discharge)
Low latency: 290ns Tx & Rx (RGMII) IEC 61000-4-6 conducted immunity (10 V)
ADIN1200 10/100 fast ethernet PHY EN55032 radiated emissions(Class A)

Small footprint: 5x5mm 32-LFCSP EN55032 conducted emissions(Class A)
Low power: 139mW

Low latency: 300ns Tx & Rx (MlI)

Low Power (> a7 5858
Consumption ADIN1300 | = e ADINI200 e e

Low Latency.

EMC
Robustness.

Small Package

Wide Temperature
Range

63
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RaplD Platform Generation 2(RPG2)- 100BASE-Tx D&

f#‘!u:ﬂjuh'ﬂ:l’ Network Software \

2-Port multiprotocol platform // ST Network Software \\ !
_ Network Software :I-
Network software for each o fﬁmm.mp Network Software 4onfiguration Tool
prOtOCO| g EtherCAF' Network Software // %File .
= L
. . = Network /
= A module comes pre-installed with A ApSIti\(/:v;trion

network software (PROFINET is
shown herein RED)

Driver provided for the host-
side software to communicate
with the network software

Unified interface in the
network software LRy o Corexe

= Host application software does not ADSP-CM409
have to change when the protocol
changes

ADI Cortex®

64
Analog Devices Confidential Information. ©2022 Analog Devices, Inc. All rights reserved.March 2022 64



ANALOG

Network Interface Solutions: Two Options

Pre-certified hardware with multiprotocol software

Reduces development effort

Speeds time to market

Module

L

L

ADIN2299

Complete off-the-shelf,
ready-to-use solution

Fully tested reducing
development risk

65

AHEAD OF WHAT'S POSSIBLE™

Embedded reference design

Pre-certified
Enables optimisation

of board design

Cost effective solution for
high volume applications
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Isolated USB In Industrial Systems

AHEAD OF WHAT'S POSSIBLE™

Debug Ports (RS-232 Replacement)
Noise Immunity
Electrical Safety for Operators

**Photo is from internet

Gen 1 Isolator (USB 1.X) Gen 2 Isolator (USB 2.0) ADI 2nd Gen Isolated USB
Low Speed (05 MbpS) Low & Full Speed = Faster Firmware Updates
Full Speed (12 Mbps) High Speed (480 Mbps)

= Supports video streams
= More flexible systems

@ E?j q y @ D = Enhanced robustness
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Isolated USB Gen 2 Product Highlights
ADuUM3165/ADuM3166/ADUM4165/ADUM4166

68

IEC61000-4-2 ESD

+ 8kV Contact across
isolation barrier

-55°C to +125°C
Extended temp range

Veus1 (D
GND, (2)
Vop1 (3)

ADuM3165|IIADuM4165 (29)Vgus2

5v I v

33y PWR I PWR -y (19)GND,
(1®)Vpp,

Re-timing for USB compliance

Upstream short
circuit protection

480Mbps data rate for faster software
downloads and video streaming apps

up+ (8)
up-(9)
Veus2 (19)

X|1 e 1l
XO4 0 CONTROL 3{

PLL

LOGIC

6NDy (7) ‘El} 3;
|

=]
i
I.l
<
i

»CONTROL
| | Locic

/}% USB
< RX

&
» TX

e
™
yv |1

L

[T %%
M

Pass CISPR32 Class B

EMI emissions

Market first medical grade
20kv surge protection

Low power mode supports
battery-powered peripherals

Downstream
Psoop indicator

Host mode auto-detects peripheral connections
for all 3 USB 2.0 speeds 1.5/12/480Mbps
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Power
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Inrush Hot Swap

- Currently using wire wound cement resistors to oftLine nrush & Electronic ——_
inrush very large bulk capacitor oy Protection iy

= Relay or MOSFET switch closes after inrush
= Input shorts can blow up Hot Swap relay or

MOSFET
= Solution size is too big and can get very hot during
inrush
- ADI Solutions — Very small, very low heat and Isolation

protects against input shorts

= <100V

70//

= LTC4368 — Now
= LTC4267 — Now

Control

P
Infineon FETSs, lower

loss than IPM (IGBT)

FET Board x 6

Single Phase
200VAC ADuM4135 _i:::;le
i

Heat sink is needed

ADuM ADuM
77048 77048

ADuM4138 x 2

Power Board Turn off when OC detected ADuM4135 x 6

ANALOG
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Motor

Ll UCVILUES

AHEAD OF WHAT'S POSSIBLE™

+RS485
6ch
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Q&A
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