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Acceleration of industry 4.0 business growth
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Acceleration of industry 4.0 operation
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Leading countries of the industrial market
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Mass
production

Decision
automation

Process

Mechanization .
automation

HVM (High Value
Manufacturing)

France New industries I
(La Nouvelle France Industrielle) |

Make In India with IoT Policy

* As Make in India is attracting factories,
utilize the power of India’s specialty
software industry

m Industries 4.0 -_

« Integrated industrial machinery etc
on the CPS (Cyber-Physical

B Industrial Internet

 Connecting “Industrial equipment” and
“Internet”, greatly evolving industrial

RIET Research Association)

J

mass customization

- - M R S

| EFFRA (European
Factories of the Future

pe?
e;{
Lo

m Made in China 2025

» Withdrawing from simple labor-
intensive manufacturing, convert
to advanced manufacturing
powerhouse as much as
developed countries

System) through the network
» Flexible production according to

» Cooperation of humans and robots

equipment

B Advanced Manufacturing
« 3D printer, digital manufacturing,
material development, robot

engineering, etc.
_——T re
> LN

B Robot Revolution Initiative (RRI)
B IVI (Industrial Value-chain Initiative)
B IoT Acceleration Consortium
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Smart Factory = Operation Tech. + Information Tech.
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https://www.marketsandmarkets.com/Market-Reports/edge-ai-hardware-market-158498281.html

https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/new-demand-new-markets-

what-edge-computing-means-for-hardware-companies, https://www.dri.co.jp/auto/report/mam/mamse4988.html,

https://www.meti.go.jp/meti lib/report/H29FY/000671.pdf + Toshiba own survey

Three target applications in Smart Factory

WW Al-camera shipment (Mset)

2019 2020 2021 2022

WW IPC shipment (Mset)

1.73
1.63

2019 2020 2021 2022

WW FA robot/servo-drive/inverter

shipment (Mset)

39.77
H B l

2019 2020 2021 2022
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FA market in Taiwan

Robot hand Valve Robot hand Pick & place AGVY
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© 100K/Y place robot
£ Servo drive
D /Inverter
2 [ Variable torque ]
- Variable torque High PWM carrier
'-Ia _to suppress ripple
t o IO Requirement to motor control algorithm
‘:L—] (a) Lower power consumption
— Robot hand (b) Variable torque control
AGY /Conveyer (c) Higher PWM carrier frequency
10K/Y >

Torgue variance and feature complexity
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Estimated market size in Taiwan

Motor applications in Taiwan

P&l Consumer
Y ‘—
1000K/Y Eit
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Ceiling fan by TOSh i ba
100K/Y pE&: obot M
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Kltflr;(z bi /Inverte‘r‘ | .
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u ~ 'ractjop ¢
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10K/Y —

Torque variance and feature complexity
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FOC = Field of Control to achieve low-power and torque control

6% Others

50%
Motor

18% Lighting
19%
Residence
7%

Transportation

China Electricity Consumption : Motor consumes 70% (More Factories in China)

EU and US Electricity Consumption : Motor consumes 60%

2-pole rotator

Stater

\

l....
-
.
-

IEA: International Energy Agency

FOC method
objective

I, -0
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o))
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Efficiency (%)

_— Motor Voltage — Motor Voltage

‘‘‘‘‘
'''''

- z Motor Current
r"" -
SR

No phase difference

Phase difference

A Negative torque
= Efficiency loss FOC (Vector control)
Sine-wave
Trapezoidal __ control
Square-wave Wave control
control
|
Brushless DC motor
——
Brushed
DC motor
>
1990 2000 2010 year i
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FOC accelerator = Hardware IP to speed up FOC computation

Industrial

Ethernet master
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_____________________ -1
. |
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Toshiba Motor MCU TMPM37x/47x
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Performance Benefit of FOC accelerator

L 18us@80MHz |
Software , . |
Phase |/ Coordinate [ Position [ Speed PI f [ Coordinate /[
Vector control ‘ Conv. ‘\. Conv. ' Detection | Control \  Control | ‘ . Conw.
L 14us@80MHz |
11l |
— - OB VE input | VE output (
i f— control control
— —_ Interrupt l TCommand
1 ” »
Free time! Position | Speed Free time!

Detection | Control

A

L
[ S5us@80MHz

CPU VE (
Execution Execution

The Vector Engine reduces CPU load and speeds up processing time
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Ripple Reduction Benefit of FOC accelerator
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Motor Processing Performance

FOC accelerator MCU Roadmap

A

TX Family

11 products Cortex®-M4@120MHz

TMPM470 256-512K 100pin
TMPMA475

_ TX04 series  _

Cortex®-M3@80MHz
10\ |4\ E¥{I3P N 512K 100pin
L4V EFO I8 256K 100pin

with CAN

M

1) 4\ EFPA3"' 128K 64pin
TMPM373FW RELIEEED
TMPM374FW [Eaahalds

‘TXO3 series

Built in
Pre-driver (30V)

11\ |24\ E¥/ N3 64K QFN32pin

Cortex®-M3@40MHz

M

LY\ EVAEIN 64K 30pin

256 to 512K 100pit

-

Cortex®-M4@80MHz

 TMPM4L2
~ TMPM4L1
 TMPM4K4
 TMPM4K2
_ TMPMA4K1
~ TMPM4KO

g
g
g
g
g

64-256K 64pin
64-256K 48pin

64-256K 44pin

MP

" Under develop _

Cortex®-M4@160MHz

| 128-512K 144pin

Y

] 128-512K 128pin

_ TMPMA4KN

128-512K 100pin

YTV 71747 B 128-512K 80pin

TMPMA4KL
128K48pin *

128-512K 64pin

128K44pin

TXZ Family

43 products

64K 32pin

TXZ4 series

2015 2016 2017

2018

2020

© 2018 Toshiba Electronic Devices & Storage Corporation

2019

15



DER-653:

310vDC

Sinusoidal Current

5VDC

Motor MCU reference solution

Applications
» Sensor-less/sensor FOC inverter system up to 300W motor
Value Propositions

Supports 310V/300W/5kRPM Brushless Sensorless Motors
98% Efficiency, No Heatsink, Reduce PCB HotSpots

Ultra Quiet and Virtually No Vibration Sinewave Drive

Joe ’

| Toshiba

600V/300W Brushless » FOC Accelerator Frees Up CPU of 73% Bandwidth
Sensorless Motor . i e
TMPM375 ! 5781115530 31501F9 Provides Full Motor Torque Capability Even at Low Speed

Minimum BOM Solution

Power Integrations BridgeSwitch BRD1165C x 3

AT72017 550:57 Pm

100%

99%

98% ﬁ.___r——ﬁ I=T—'.
97%

g oo /"/ 98% Efficiency!

w 95%

E 94% ‘/
93% Vin - 310V DC. Speed - 5kRPM |

92%

BLDC Motor - 57BL115530-3150TF9 (Hall sensors unused) -

91%

90%

30 60 90 120 150 180 210

OUTPUT POWER (W)

240 270 300 330

16
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DER-653 Solution Demo System

Motor Parameters

Module Name : ‘MOdME_name

DO Module Parameters

R:Dhm

Motor parameter calculation tool
(Developed by 31 party JAC)

Ld:mH Lq:mH

Torque controller

& current meter
V

Rated rating

Pole Mum : pole
RPM: turns/min

IE: A Power:w

JS Automation Corp .

Address: 6F, No.100, Zhongxing Rd., Xizhi Dist,,

300W BLDC motor

Fautomation.com.tw

DER-653 board
(made by Pl US)

Current Contrel Parameters

wn:radfs EII'

® Default O Manual Keyin
Id_Kp =51.4 V/A
Id_Ki =30492 V/As
lq_Kp =51.4 V/A
lq_Ki =30492 V/As
Calc

Rotor position control

Kp Scale: 1 Ki Scale :

® Default O Manual Keyin
Base Kp = 0.66269 Hz/V
Base Ki = 0.00331 Hz/Vs

Position_Kp =0.66269 Hz/V
Position Ki =0.66269 Hz/\Vs

y,

-

Speed Loop Parameters

Motor Working Parameters

l: A RPM : turns/min
Power : W

RotorD: | 5 |em  :| 25 |
RotorL: | 3 |em  wa: rad/s
| load: | 0 | %

@® Default O Manual Keyin

Speed Kp =0.02761 AfHz
Speed Ki =0.22089 AfHzs

© 2019 Toshiba Electronic Components Taiwan 17



Half-day DER-653 solution workshop announcement

Date & Time
Location

Fee

Target
attendees

Quota

Hands-on
activities

Items
prepared by
attendees

Contact
window

2019/12/26 (Thu) 14:00-17:00

Toshiba Taiwan office
Bt REIE3E 16857442 L1 & L2

Free

Motor system EE engineers
Software engineers

12 people

DER-653 board usage

FOC tooling usage

FW build/debug with EWARM
Motor operation using 300W BLDC

Notebook PCs
EWARM pre-installation (one-
month evaluation version)

@ ®OEOO

cindy2.kuo@toshiba.co.jp

© 2019 Toshiba Electronic Components Taiwan
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Industrial Ethernet market

Promote+ Industrial Ethernet Technology
Industrial Ethernet master O@ Other EtherNet/IP
L. Fieldbus PEELH N =
K Wi-Fi module\ 13% EtherNet/IP y
X86 host _
g PROFINET 5
PCle ¢ A CC-Link IE > &
Ethernet PROFINET .
CanEoilen ITSUBISHI A POWERLINK J -
\ PHY J BECKHOFF
f } CANopen 4 EtherCAT / -
K . 4 B&R
® PHY S SERCOS 1,1} —ﬁ SERCOS 111 -
& Ethernet "6\) exroth <
0/0
O controller A0 ﬁ Modbus-IDA ) G —

AN

peider ‘
Local IF ¢ o e . Yooy
o
Motor MCU ™ $
)

Gate drive + Other $§ - % \ "7,?% ) .

Motor Photocoupler Wireless er z .
@4_ MOSFET 19 Ethernet w ‘5\% TS N }

or IGBT J *Bluetooth 14% \ ’%

1% .
Industrial Ethernet slave

2010 2020

https://www.hms-networks.com/news-and-insights/news-from-hms/2019/05/07/industrial-network-market-shares-2019-according-to-hms

© 2019 Toshiba Electronic Components Taiwan
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Ethernet TSN bridge IC product lineup

Industrial Ethernet master

PHY

PHY

Ethernet
controller

Industrial Ethernet slave

Ethernet
controller [V o »

gnt®

Industrial Ethernet application

Enhanced Time-based
SRP shaper

Redundant gPTP

TCP/IP
UDP/IP

OS + RTOS extension PCle + Ethernet MAC/PHY river

Frame-
preemption

TC9562 (Neutrino 2)

Cortex M3

SoC

PCle controller

N
"aag,, "EEnaaay .) EtherMAC+Timesync
Enerqy Efficient Ethernet

gPTP stamp trigger/output

................)

Ether Frame Preemption
PHY Enhancement to scheduled traffic

| |
| |
| 6 queues for Tx/Rx FQTSS |
| |
| |

SoC | | Neutrino 3

Ether (under planning)
PHY

10Gbit Ethernet
Support

2

1Gbit Ethernet
Support

(

Neutrino is a pet name of Toshiba Ethernet TSN bridge products

© 2019 Toshiba Electronic Components Taiwan 21



Neutrino 2 hardware function test suite and demo

TSN test application is for confirming EST (Enhancements to Scheduled Traffic) & FPE (Frame preemption) features.

This application transmit the Express frame of 214 Byte every 500 usec from Talker, and periodic switching EST & FPE
on/off with every 10 sec.

Bandwidth and Tx timing plot Latency plot be_ty.reen Tx alnd Rx
3 i _I; | I!- - Hil bl

4]

Ej
o4 has

100Mbps Link
I

] Video{AVE) YVideo[AVEB) . =
— \ idec{UDPY. High-1 oad [P _High-Load
[ ] _ JPTP. MSRP I : : L/
__ = - Express frame Exnress frame. & B ra i\
Host PC ) Host PC
REBTCS562 RETC9562

Talker

The following features can be confirmed with this application.
» Toggle EST on/off to confirm Express frame transmit complete timing
» Validate FPE improvement of Total bandwidth

22
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Visconti 5 is Toshiba’s first Al processor focusing ADAS first

Image recognition processor S :

‘ ' ..........Next generation
| Visconti4-Quartetto Visconti3-Sextetto
Visconti5-Duetto

Visconti3-Quartetto J
Visconti2-Quartetto J
Visconti2-Duetto J
Visconti2-Solo ]

Al processor

NN

Visconti2/3 Visconti4 Visconti5 Next generation
(EuroNCAP2016) (EuroNCAP2018) (EuroNCAP2020) (EuroNCAP202x)

Autonomous driving (recognition + judgement)
Mono + Milli wave or LIDAR Front sensing
Mono + Milli wave 3D view + surround sensing
Auto parking

Mono/Stereo + Milli wave Front sensing
360° surround sensing
Auto parking

Mono Front/Rear sensing Mono Front/Rear sensing
(Daytime) (Daytime & Night)

1.9 TOPS 20.5 TOPS
2.6 GOPS/mm?

217.3 GOPS/mm?




Visconti 5 architecture

ARM Cortex-A53 ARM Cortex-A53 ARM Cortex-RAF

e MCU
ARM ARM | | Ethemetavs, sel,

UART, NOR IfF,
DCLS | | DCLS | | j2¢ cpin, CANFD

ARM1| |ARM2 ARMS| |ARMGE

MOR Flash

Vision P& DSP Image Processing Accelerator

Template .
Affine Enhanced . Optical Deep
DsP1 Transform CoHOG T;;fgg'? Flow Neural Network DRAM

Dense Deep | )
Stereo
Matching Neural Netw?r&

Video In-0 SDMACD SRAM SRAM
g Videoin-1 Jo SPI, GPIO, UART, TIMER, (IMB) (MB) 4
20 Videoln2 §= 12C, PCM IF, PGM, CRC PDMACD Gigabit Ethernet
e et Load/Store Local
g Videoln3 PDMAG PCle Gen3 2lane Video / it SRAM
>l \Video In-4 : Output I/F uni memory
Video In-5 Core Power Management Unit PDMAC2 B DRAM cnt. I DRAM cnt. B (Full HD)
MIPI C51-2 MIPI C5l-2
| LPDDR4 ‘ ‘ LFDDR4 ‘ | Display |

?

Loading the weight data of DNN from DRAM and storing intermediate data at each layer
of DNN computation was two major power/performance bottleneck of other Al chips.

Our DNN accelerator (1) Adds SRAM to store weight data,

(2) Create 256 ALUs to be able to load weight data for constructing DNN
(3) Use pipeline to execute DNN computation sequentially without accessing load/store unit .
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

e TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's written permission, reproduction is permissible only if reproduction is
without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for complying with safety standards and for providing adequate
designs and safeguards for their hardware, software and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to
property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the Product into their own applications, customers must also refer to and
comply with (a) the latest versions of all relevant TOSHIBA information, including without limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and
conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product will be used with or for. Customers are solely responsible for all
aspects of their own product design or applications, including but not limited to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and determining
the applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and (c) validating all operating
parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

¢ PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR
RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC
IMPACT ("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation, equipment used in nuclear facilities,
equipment used in the aerospace industry, lifesaving and/or life supporting medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling
equipment, equipment used to control combustions or explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED
USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our website.

¢ Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.
¢ Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable laws or regulations.

¢ The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any infringement of patents or any other intellectual property rights of third
parties that may result from the use of Product. No license to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

e ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW,
TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING WITHOUT
LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND
CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF
INFORMATION, OR NONINFRINGEMENT.

¢ Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for the design, development, use, stockpiling or manufacturing of
nuclear, chemical, or biological weapons or missile technology products (mass destruction weapons). Product and related software and technology may be controlled under the applicable export laws and
regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and re-export of Product or related software or
technology are strictly prohibited except in compliance with all applicable export laws and regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please use Product in compliance with all applicable laws and regulations
that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT OF
NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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