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Overview

EtherCAT and other industrial Ethernet systems are expanding into fields beyond factory networks. On the other
hand, the conventional implementation style of industrial Ethernet introduces the issue of rising BOM costs due
to an increase in the number of required components. Moreover, supporting multiple industrial Ethernet protocols
require more reusable software other than industrial Ethernet protocol stack to increase development efficiency.
Using servo systems for the purpose of discussion, this white paper introduces leverage of the new Renesas
RZ/T2L microprocessor to achieve broad reductions in BOM costs and enhanced development efficiency when
expanding EtherCAT-ready devices to support other protocols with RZ/T2M microprocessor that supports multi-
protocol industrial Ethernet.

Industrial Ethernet demonstrates growth

Field networks are factory networks linking the PLC control master with slave interfaces such as servo, inverter,
gateway, and remote I/O and other control and measurement equipment. Conventionally comprised of serial
fieldbuses, field network equipment has been replaced by industrial Ethernet due to demands for greater speed
and capacity, along with real-time processing, of inter-device data since the year 2000. The number of industrial
Ethernet device nodes is said to have overtaken serial fieldbuses in 2018.

Industrial Ethernet has demonstrated remarkable growth, with EtherCAT’s substantial growth translating into an
expanding market share (Figure 1). EtherCAT is an open-field network developed in 2003 by Beckhoff Automation,
a German firm, and is managed and run by the ETG (EtherCAT Technology Group), which welcomes over 400
new corporate members each year.

100%

21% 20% 20%

60%

33% 31%

0% 0% Etheri‘et/IP

) l l . i%%%g
0%
2020 2021 2022

Figure 1: Industrial Ethernet Share by Protocol (research by HMS Networks)
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The servo system is one of the applications promoted by industrial Ethernet. Servo systems can control the
position, speed, and torque of servo motors with great precision, and have multiple applications including
industrial robots, machine tools, and medical equipment. Multiple servo motors are used in many of these cases,
and the drive timing of each servo motor must be controlled. This is where industrial Ethernet plays a major part,
as it enables multiple servo systems to share synchronous timing and the drive timing of each servo motor to be
controlled with high precision.

Realizing BOM cost reductions for industrial Ethernet-compatible
servo systems

Conventional EtherCAT-compatible servo systems used FPGAs to realize communication between EtherCAT-
dedicated ASIC, microcontrollers performing system control, and absolute encoders which detect motor position.
The FPGA was also used to performed high-speed motor control processing. This increasingly large number of
components gave rise to the problem of high BOM costs.

RZ/T2L offers a solution to this problem. The RZ/T2L is equipped with a Beckhoff EtherCAT Slave Controller (ESC)
and an absolute encoder interface supporting multiple encoder protocols, enabling EtherCAT communication,
system control, and motor control to be realized with a single chip. This in turn enables a reduction in BOM costs
due to fewer components and a reduced board area (Figure 2).
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Figure 2: Single-chip AC Servo Solution with RZ/T2L

RZ/T2L offers high real-time performance, allowing motor control algorithms previously processed in FPGA to be
handled by the CPU. RZ/T2L is equipped with Arm Cortex®-R52 which operates at 800MHz and a large-capacity
tight coupling memory (TCM) totaling 576KB and directly linked to the CPU. Use of cache memory eliminates
execution-time fluctuations and enables deterministic fast-response processing. It is also equipped with a
trigonometric function unit as the hardware accelerator, performing high-speed trigonometric functions used in
motor-control algorithms. Moreover, peripheral functions for motor control are placed on a dedicated bus (Low
Latency Peripheral Port) directly linked to the CPU, enabling high-speed register access. High-speed current loop
processing is needed in motor control, and the above-mentioned RZ/T2L functions represent a significant
improvement over those incorporated in the Renesas RZ/T1, achieving current loop performance of under 1usec
(Figure 3).
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Figure 3: Current Loop Processing Time

Easily supports industrial networks other than EtherCAT

When supporting industrial network protocols other than EtherCAT, such as EtherNet/IP or PROFINET, or multiple
protocols such as fieldbuses, creating common, non-network software is necessary to optimize development and
avoid a significant increase in development efforts.

RZ/T2L uses the same hardware architecture as the high-end RZ/T2M line-up, including CPU and operating
frequency, TCM size, peripheral functions, and internal bus configuration to deliver compatible real-time
performance and functions. When expanding device developments to support multiple protocols like
EtherNet/IP and PROFINET, software developed for RZ/T2L motor control and system control, can also be
easily applied to RZ/T2M.

Moreover, as the RZ/T2L line-up offers versions with and without EtherCAT support, the non-EtherCAT version
can be selected for serial fieldbus device development, enabling significant cost savings.

Category RZ/T2L RZ/T2M

CPU 800MHz Single Arm® Cortex®-R52 800MHz Dual Arm® Cortex®-R52
Tight coupling memory 576KB

(TCM)

Industrial Ethernet EtherCAT (Option) EtherCAT, EtherNet/IP, PROFINET
System SRAM 1MB 2MB

(internal RAM)

DSMIF 3ch x 2 Unit

ADC Unit0 4ch, Unit1 4ch Unit0 8ch, Unit1 16ch
PWM timer (GPT) 18ch

Trigonometric 1 Unit

Function Unit

Encoder interface A-format, BiSS-C, EnDat2.2, FA-CODER, HIPERFACE DSL
Package BGA 196pin BGA 320pin & 225pin

Table 1: RZ/T2L and RZ/T2M Specification Overview
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Conclusion

In this white paper, we introduced BOM cost savings achieved through use of RZ/T2L in servo systems and
the efficiency of software development by taking advantage of the hardware compatibility between RZ/T2L
and RZ/T2M. The rich Renesas product line-up of industrial Ethernet-ready microcomputers delivers a
scalable platform contributing to accelerated client development of devices supporting industrial Ethernet.

Related Information

e RZ/T2L - High-Performance MPU Realizing High-Speed and High-Precision Real-Time Control with
EtherCAT

° RZ/T2L RSK — Renesas Starter Kit+ for RZ/T2L

e RZ/T2M - High-Performance Multi-Function MPU Realizing High-Speed Processing and High Precision
Control for Industrial AC Servos and Controllers

. RZ/T2M RSK— Renesas Starter Kit+ for RZ/T2M

e Industrial Ethernet — A summary of products available to support Industry 4.0 and Industrial Internet of
Things (lloT)

IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (“RENESAS”) PROVIDES TECHNICAL SPECIFICATIONS 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 OR 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 developers skilled in the art designing with Renesas products. You are solely responsible for (1) selecting
the appropriate 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. Renesas
grants you permission to use these resources only for development of an application that uses Renesas products. Other reproduction or use
of these resources is strictly prohibited. No license is granted to any other Renesas intellectual property or to any third party intellectual
property. Renesas disclaims responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages,
costs, losses, or liabilities arising out of your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise alters any
applicable warranties or warranty disclaimers for these products. (Rev.1.0 Mar 2020)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, Koto-ku, Tokyo 135-0061, For further information on a product, technology, the most up-to-date
Japan version of a document, or your nearest sales office, please visit:
https://www.renesas.com https://www.renesas.com/contact-us
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