INTRODUCTION OF
RZ/T1

HIGH-END AC SERVO SOLUTION WITH BUILT-IN
ENCODER I/F & INDUSTRIAL ETHERNET ACCELERATOR
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RENESAS’ INDUSTRIAL NETWORK CONTROLLERS
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Concept of RZ Family
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RZ FAMILY

“‘RZ” Positioning

The family targeting software rich, high-end micro-computer

market.

Higher performance than RL78, RX, art-Synergy.
800 ‘ >

\

1

Frequency
(MHz)

Ma[:hiqe = ~~——>  Data

Control = =---- processing

“‘RZ” Feature

High performance and Eco-system by ARM core
Value added IP focusing on specific market needs

Big size RAM — external DRAM less system

“‘RZ” Application

Human Machine Interface :

: Wide band-width and big size internal RAM support high
performance, low power consumption and low BOM cost
(RZ/IA)
3D graphics, Full HD video support (RZ/G)

High-speed Real-time control :

ROM less product which can achieve high-speed real-
time operation with high operating frequency, much
higher performance than Flash MCU (RZ/T)

Connectivity :

High-end family focusing on
connectivity like , USB, Ethernet and
supporting high-speed data streaming

© 2020 Renesas Electronics Corporation. All rights reserved.
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RZ FAMILY EXCEEDS THE LIMIT OF FLASH MCUS

RZ /A1
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300MHz <owdown to 104%
-------- ERNTEIEERREEEEEE  RX71M  Shuitis
250MHz | 240MHz
ooMHz |V W2 SH7216

’,\\@e‘?’\(\ SH7211/ 200MHz Flash MCU

150MHz F----- \@ _______ 160MHz S S SO (V850)

| | RX64M Flash MCU
10MHz | (RX)

Flash MCU
(SH2A)
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RZ ROAD MAP
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Differentiations of RZ/T1
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RZ/T1 THREE DIFFERENTIATIONS

High-end realtime MCU with multi-protocol industrial Ethernet and multi-protocol
encoder I/F, offers 1 chip AC servo/drive solution.

(1) High performance real-time
CPU core with FPU
+
Large size (544KB) TCM
(Tightly Coupled Memory)

600MHz operation frequency and
TCM realize high-speed and
deterministic execution times for
real-time application.

(2) Multi-protocol Industrial Ethernet
Accelerator

Embedded “R-IN engine” realizes
multiprotocol industrial Ethernet
support w/o external ASIC.

ARM Powered by
Renesas
600MHz
Cortex-R4
CPU
TCM
(544KB) protocol
Encoder

l/F

(3) Multi-protocol absolute encoder I/F

Eliminates external FPGA /ASIC for
realizing absolute encoder I/F

=

g

—

Integrate over triple value on a chip

—
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Feature 1 :

Super Real-time CPU with TCM
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FEATURE1: SUPER REAL-TIME PERFORMANCE

Tightly Coupled Memory(TCM) provides practical no-wait access for realizing high speed processing and deterministic real-

time response without cache.

Vectored interrupt controller (VIC) improves interrupt latency.

ECC is supported for all memory.

ARM Cortex-R4F

A-TCM
W/ECC (512KB)

7ex

B-TCM
W/ECC (32KB)

7o

CPU core

600MHz

Single/double
precision FPU

¢ CPU core can access B-TCM with no-

wait.

+ ATCM requires 1-wait. But incase of
instruction fetch, CPU core can fetch

instructions practically no-wait by effect of
pre- fetch feature.

v v

Instruction Data

Cache wW/ECC  Cache w/ECC

Bus I/F

Bus master I/F I

I Bus slave I/F

- RQ Vectored Interrupt
Interrupt <——
< o
IRQADDR Controller .
(VIC)
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WORLD'S HIGHEST PERFORMANCE IN REAL-TIME MCUS

CoreMark benchmark result was released on the EEMBC web.
RZ/T1 achieved 1900CM and substantially exceeded competitor's real-time MCUSs.

CoreMark (RZ/T1 vs Highend-MCUs)
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0
Kinetis K70 RX64M STM32F427 @ STM32F756 RX71M SAMV71Q2 RZ/T1
Cortex-M4 RXv2 Cortex-M4 Cortex-M7 RXv2 Cortex-M7 Cortex-R4F
Freescale Renesas ST Micro ST Micro Renesas Atmel Renesas
IARVv6.50 Renesas CC-RX IARV6.60 IAR Renesas CC-RX  IARV7.30
v.2.03 v7.30.4.7673 v.2.03
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EXECUTION TIME JITTER DUE TO CACHE MEMORY

The worst-case execution time is important for Real-time applications.
Cache-type MPU has jitter in exec time, can not guarantee a peak performance.

Dhrystone MIPS

=}
O 1.2 ;
|<T: ________
S 1.0 - performance jitter by hit-ratio of cache — — flnterleave
o penalty
=
e 0.8
o N
N—’ 06 .
) The worse case of
2= Cache-type MPU
s 04 -
° -
S 0.2
17
> oo 1N
e 0.0 - T T T T
a Cache off Cached Cached Cached ATCM direct
(hit rate 0%) (hit rate xx %) (hit rate 95.7 %)  (hit rate 100%) (600MHZz)

Condition : AR Compiler, -Ohs option, Cached data with internal extension RAM

© 2020 Renesas Electronics Corporation. All rights reserved. Page 13 BIG IDEAS FOR EVERY SPACE W z E N ESAS




JITTER OF INTERRUPT LATENCY (TCM VS CACHE)

Measured normal ISR response time using both TCM and Cached memory.
= CoreMark runs in background as processing load.

» Runs on TCM : 99.6% of ISR responses are within 193ns-200ns. Maximum jitter is 200ns.

. S
[Times] Interrupt latency (Cache) [Times] Interrupt latency (TCM)
900000 900000 99.6%
h
800000 800000
88.2%
700000 th 700000
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500000 500000
400000 | 400000
1
300000 : 300000
1
200000 E Max 533.3ns §= 200000
100000 i 100000
1
0 I, Al v 0
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* These result are result of an evaluation test with Renesas's evaluation board and sample programs.
It doesn't guarantee any performance on other environment. And it might include error of measurement.
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Feature 2 :

Multiprotocol Ethernet Accelerator "R-IN engine”
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FEATUREZ2 : MULTI-PROTOCOL INDUSTRIAL ETHERNET
ACCELERATOR “R-IN”

Integrated Ethernet Accelerator “R-IN” engine eliminate external network ASSP
and achieve higher performance.

J— Integrated Industrial Ethernet Accelerator
R Dedicated Network ASSP is required for —_— “R-IN” engine supports various Ethernet Protocols
N EE T each protocols. =
N = <4 — = ) ®
PLC, etc L EtherCAT. ™ = @Modbus  EherNet/IP
PLC, etc
Network ASICTFPGA | Encoder @
et Encoder I/F < feedback R-IN Encoder I/F Y
AAA engine (Multi protocol) ¢
B r44
PWM out S Zhpl E2 o =5
ou %) o 8$ (600MHz) PWM out E iy é g
Micro "y (MTU3a) = 3
Controller o EEPROM _
EEPRON S'grRaDge'ta Jd £l PenTneeE Digital Filter Ele
3 Current (Sigma Delta I/F) ?
: = feedback —
[ =% =%
T T 2 Voltage T T E <
8 feedback 8
Peripherals . - Peripherals —y
Conventional System The case of RZ/T1
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MULTI-PROTOCOL INDUSTRIAL ETHERNET ACCELERATOR

ARM CPU
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INTERNAL SYSTEM DIAGRAM OF RZ/T1 W/ R-IN ENGINE

— o e e e o= == == == == == =y|R-IN engine can work without using Cortex-R4's H/W resource. The

| I network operation doesn't affect CortexR4's real-time operation.
| Cortex-R4F
450MHz ! .
I - SIKR. bt EtherMAC |
| |
ortex-
HW D-RAN -“RAN

| B 150MHz . rRTos f| 512kB [ 512KB EtherCAT I
| Y o K Y, y

AXI2AHB ocal'bus ]
: v [ < T < I < B |
l AHB 32bit 150MHz I
I S S M . S l M I
| RRESE AXI2AHB USB DMAC |
l |
| . A |

“External

| 5iscu

xterna Xterna
Memory Flash |
Ex-Bus Max 75MHz
Serial Flash Max 75MHz
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SEPARATION OF REAL-TIME AND NETWORK OPERATION

Separation of real-time operation and network operation achieves system reliability and realtimeness

_.“"( Cortex-R4 : Motor control ) """ ", pemmmsnnaaans .( R-IN engine : EtherCAT ) .......... .
Motor control app. EtherCAT application :
Initialization Error handle :
Interrupt Comm. CiA402
% | (CoE)
Motor control . . EtherCAT —
. . -~
: . Slave Stack EHTArCAR
Device driver . :
] (MTU3a, 12bitAD,CMT ...) : : HW-RTOS driver
S LTI I T I P ATl Tt e rT—TT—rr—rr—ry—ry—rrr—r— SR i———
R-IN Engine
Cortex-R4F Cortex-M3 EtherCAT :
Z | T Y o N T ... o
T|:
T ; ~ Inter CPU communication between Cortex-R4
: 12bit AD ' : and R-IN engine is realized by S/W interrupt
) Motor .+ and shared memory.
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Feature 3 :

Encoder I/F for Absolute Encoder

© 2020 Renesas Electronics Corporation. All rights reserved. Page 20 BIG IDEAS FOR EVERY SPACE W zE N ESAS



FEATURES : MULTI-PROTOCOL ENCODER INTERFACE

Encoder Interface eliminates external ASIC / FPGA to support various encoder master.
Now, we’re ready to support HIPERFACE DSL.

ConfigData for
B Typically encoder master have to be — H'P%RS'I:_ACE
‘= ¥ | implemented in ASIC or FPGA. e
— | 4 5 | €
PLC, efc. NIER
PLC, etc
N\
Network ASIC / FPGA Encoder @ RZ/T1
e I Encoder I/F I‘ feedback R-IN Encoder I/F Y
ncoaer -
| 1/ Y —
_ 444
PWM out ol = [yl B2 CPU -
ou %) o 8$ (600MHz) PWM out E iy é g
Micro "y (MTU3a) = 3h
Controller o EEPROM _
EEPRON S'grRaDge'ta Jd £l PenTneeE Digital Filter Ele
3 Current (Sigma Delta I/F) ?
: — feedback —
[ o =%
T T 2 Voltage T T E <
8 feedback 8
Peripherals . - Peripherals —y
Conventional System The case of RZ/T1
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SUPPORTED ENCODER I/F PROTOCOLS

HIPERFACE DSL® encoder I/F is newly supported.
Now, 5 major encoder protocols in the market are supported.

EnDat 2.2

BiSS-C

NIKON A-format

Tamagawa Seiki

HIPERFACE DSL

Related specification

Heidenhein Corp
http://www.heidenhain.de

iC-Haus GmbH
http://www.biss-interface.com

NIKON Corporation
http://www.nikon.co.jp

TAMAGAWA SEIKI CO.,LTD.
http://www.tamagawa-seiki.co.jp

SICK STEGMANN GmbH
http://www.sick.com

Comm. method Synchronous Synchronous Asynchronous Asynchronous Asynchronous
Transceiver RS-485 RS-422 RS-485 RS-485 RS-485
Supported data rate/ 100kHz to 16.7MHz 80.12KHz to10MHz 2.5Mbps/4Mbps/6.67Mbps/8Mbps | 2.5Mbps 9.375MBaud
frequency

# of I/F pins / Signal level

4/3.3VTTL level

2/3.3VTTL level

3/3.3VTTL level

3/3.3VTTL level

3/3.3VTTL level

Other feature

- Support transmission
delay

- Incremental signals are not
supported.

- Support delay compensation
- Support C mode
(B mode is not supported)
- Incremental signals are not
supported
- 1 to 1 connection is supported
(Bus connection is not
supported)

- 1 to 1 connection and bus
connection are supported
- A-Safety is not supported.

- Support baseband NRZ data
code

- Incremental signals and
synchronized Manchester code
are not supported.

Newly supported

Firmware and document are available on the Renesas web site. https://www.renesas.com/zh-cn/products/microcontrollers-microprocessors/rz/rzt/rzt1.html#sampleCodes

© 2020 Renesas Electronics Corporation. All rights reserved.
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ENCODER I/F SOFTWARE CONFIGURATION

Encoder I/F (inc. pin function, register feature) is configured by settle of the configuration date for each protocols.
1. Configure the Encoder I/F using encoder configuration library and configuration data for each protocols.

2. Sample drivers should be a reference for implementation of the command invocation and callback functions.

Application program
(Sample COde) EnDat Encoderl/iF EnDat
gy iy e Encoder (EnDat mode) Driver (S/W)
1 g 1
I onfig ] ' ues with Initial setting
: ata —L (1) Config() (2) Start() (3) Open() (4) Control() (5) callback (CFGn, MASK, CPTL)
o _-" 5 and
- ¢ - ¢ | | ? o Send data(SEND)
Encoder interface Sample driver Contral)

S/W 5 Configuration library (Source Code) From EnDa22 Specification Start transfer(SWSTR)

E Send mode command

5 (Pasition data)

= H/W H/W Initialization Register Interrupt Position data

8 Configuration Activation setting handler Interrupt(RXEND)

|
1 | T Received data (RECVn)
Clear cause of Interrupt(STATUS Il back()
cal acl
—
H/W T
Multi-protocol encoder I/F (H/W) - —
Workflow to obtain the position data

Software configuration (EnDat 2.2) (EnDat 2.2)
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SUMMARY : ASIC-LESS 1CHIP HIGH END SERVO SOLUTION

(3) Multi-protocol Encoder I/F

(2) Multi-protocol Industrial Ethernet Acc.
“R-IN” engine supports various protocol supports various protocol encoders
Industrial Ethernet. and eliminates external ASIC/FPGA
PROFINET N EtherNet/IP N Tamagawa BiSS EnDat Z],U§C§E
NIKON HIPERFACE m
chbat 2.2

Modbus TCP

EtherCAT ,/ A-format DSL
HIPERFACE.-
\ —DsL >

PIRJOJF] I M —
alolrl ;- \ RZ/T1
EtherNet/IP TN ,
\)J—ud = R-IN Enpoder I/F . . .
engine (Mult-protocols) [l < (4) Function-rich motor timers
Integrated motor times support

NJEJT
e d
“Modbus  EtherCAT. | -
PLC,
: . _ CPU
(1) High-end realtime processor w/ FPU = E complementary PWM output w/
+ Large size no-wait* TCM memory [~ auto deadtime insertion, etc.
600MHz Cortex-R4 CPU core w/ dual - 8
recision FPU and 544KB no-wait TCM SrPnerEis | sigma Delia U7 i1 G . .
P : . —~—_ (5) Embedded sigma-delta interface
memory achieves high speed and T 4 g Directl e axt |
deterministic execution times. 3 |r§c y connects externa
Peripherals sigma-delta modulator
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RZ/T1 PRODUCT LINE-UP

Wide variety of product line-up, from 300MHz to 600MHz+R-IN engine.

CPU TCM exRAM Multi Protocol -

! 600MHz ! ! ! ! ' ! ‘

£3 *+ R-IN engine Eégig (1MB for R-IN)

S8 L _(150MHg | e P A e e —— 1  —
> O 450MHz | i i

~ E ! +R-IN engine 512KB i ! R75910015 [ R7S910016

o= - : |
(150MH) | *32KB |(1MB for RIN) : |

600MHz

Single Core

i 450MHz

R7S910011

__L76QFP_ i _320BGA . _320BGA _, _320BGA i _320BGA_ | 320BGA i 320BGA _
I EncoderInterface. |\ -1 __Yes [ oo Yes | .. Yes
Industrial Ethernet - | EtherCAT Multiprotocol support
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RZ/T1 BLOCK DIAGRAM (SINGLE CORE)

= High Performance CPU (ARM Cortex—R4F) ARM is a registered trademark and ARM Cortex is trademarks of ARM Limited in the EU and other countries.
= Max. operating freq. : 300MHz/450MHz / 600MHz
» High-speed real-time response - o
= Single/Double precision FPU ARM g?rt,em§
: Cortex R4F
[ | On-chlp memory : — - .
= Tightly Coupled RAM 512KB + 32KB wW/ECC 9
= Extended RAM 1MB w/ECC (option) | Cache D Cache VIC
8KB wECC 8KB wECC extended RAM 1MB w/ECC (option)
B Features | ATCM 512KB W/ECC |
= EtherCAT slave controller (option) | BTCM 32KB WECC I Safety Feature Secure boot
= Ethernet Accelerator (option)
= PWMtimer: MTU3a, GPT (2ch) (4ch) (16bix 8ch + 32b x 1ch)) (16bit x 4ch)
= Encoder I/F (option) QSPI (Flash I/F)
= Endat2.2, BiSS-C, A-format, Tamagawa, Hiperface DSL (85%:]'; With Direct Access a 6b(i3tlj<T4ch) (32§i'tw>-<r§ch)
= High-speed USB lon CEL
n i 2
Secure boot (option) 12C AS IF WDT WDT
= Safety Feature (2ch)
= ECC RAM supported DMAC TPU PPG
= CRC(32bit) (16ch x 2) GPIO (16bit x 12ch) (4bit x 4gr x 2unit)
= |ndependent WDT with dedicated on-chip oscillator
= A3 I/F P P 2B JTAG with (igr?)Mv?/p; E)tr?:/v?:chhi USB HS Func/H
(8ch+16¢h) X disable func e g X unc/Host
B Package (option) Accelerator
*= FBGA 320pin (17mmLl, 0.8mm pitch) Encoder-I/F
= QFP 176pin (20mm[], 0.4mm pitch) _ (option)

* 176pin QFP product : 12bit A/D x 8ch, TPU x 6¢ch, PPG x 1unit, Ether port x 1 port.
And Extended RAM 1MB, EtherCAT slave controller, Encoder I/F are not supported.
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RZ/T1 BLOCK DIAGRAM (W/ R-IN ENGINE)

B High Performance CPU (ARM Cortex-R4F)
= Max. operating freq. : 450MHz / 600MHz
= High-speed real-time response
= Single/Double precision FPU

B On-chip memory :
= Tightly Coupled RAM 512KB + 32KB w/ECC
= Instruction RAM 512KB + Data RAM 512KB w/ECC for R-IN engine

B Features
= Multi protocol Industry Network Accelerator(R-IN Engine)
= EtherCAT slave controller
= Ethernet Accelerator
= 100Mbps EtherMAC w/ switch
= PWM timer: MTU3a, GPT
= Encoder I/F (option)
= Endat2.2, BiSS-C, A-format, Tamagawa, Hiperface DSL
= High-speed USB
= Secure boot (option)
= Safety Feature
= ECC RAM supported
= CRC(32bit)
= Independent WDT with dedicated on-chip oscillator
 AZIF

B Power supply voltage : 1.2V, 3.3V
B Package
= FBGA 320pin (17mm0], 0.8mm pitch)

ARM is a registered trademark and ARM Cortex is trademgrks of ARM gmited in the EU and other countries.

ARM Cortex R-IN Engine
Cortex R4F Cortex M3
FPU MPU Debug MPU Debug NVIC
| Cache D Cache ViE HW-RTOS I Ethernet
8KB w/ECC 8KB w/ECC Accelerator _Ammd
| ATCM 512KB w/ECC I | Instruction RAM 512KB w/ECC I
| BTCM 32KB w/ECC | Data RAM 512KB w/ECC ]
CAN SPI MTU3a CMT
(2ch) (4ch) (16bix 8ch + 32b x 1ch)) (16bit x 4ch)
QSPI (Flash I/F)
SCIF With Direct Access (.EPT C.MT2
(5ch) from CPU (16bit x 4ch) (32bit x 2ch)
I’C AY I/F WDT iWDT
(2ch)
DMAC GPIO TPU PPG
(16ch x 2) (16bit x 12ch) (4bit x 4gr x 2unit)
12bit AID JTAG with LLOlel ey e
(8Ch+16ch) X disable func (1Ch)|;V'/:'2:[;05:85V£tCh ¥ USB HS Func/Host
EtherCAT
Slave Controller Ethemnet
(ontion) Accelerator
Secure boot Encoder-I/F
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Development environment
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RZ/T1 DEVELOPMENT TOOLS (IDE)

RZ/T1 is supported by 3rd party's tools chains in addition to Renesas in-house tools.

GIAR

et x ARM RENESANS
SYSTEMS R
IDE Embedded Workbench for DS-5 [o= e2Studio ™t T+
ARM O
e?studio ==
Compiler IAR CC ARM CC GCC
Other tools Renesas's code generator Renesas's code generator Code Generator plugin for
"AP4" supports IAR CC "AP4" supports ARM CC e2studio
ICE I-jet, I-jet Trace, DSTREAM, i Segger J-Link LITE,
JTAGjet-Trace ULINKpro, W J-Link series ICE
T /\g;// UL|NKpI’OD, (\
CV @; ULINK2 N
-w ‘," T i,
Multicore support Yes Yes Yes
Secure support Yes Yes Yes

*1 : Eclipse base free IDE by Renesas. (http://www.renesas.com/products/tools/ide/ide_e2studio/index.jsp)
*2 : GNU tools for RZ/T1 and technical support for it is provided by CyberThor Studios, Ltd.(https://gcc-renesas.com/)
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OVERVIEW OF CODE GENERATION TOOL "AP4"

"AP4" is a standalone windows application which can generate device driver code for peripheral modules of MCU

in accordance with user settings.

B Features
1. Easy-to-use GUI allows user to set register value
easily and visually.

2. Features to check the confliction of pin function
settings of peripheral modules.

3. Generate project files and driver codes for IDEs
which allows user to operate modules in the form
of APIs.

» AP4 for RZ/T1 supports IAR EWARM, ARM DS-5 and
e2Studio(GCCQC).

» Plugin type code generation tool is also provided for
e2Studio.

,/' AP4 « Automatic generation of device drivers for \\

controlling the peripheral modules of the MCU

A » Qutput of workspace and project files for
= = the integrated development environment platform

Automatic
ganeration Application und
{-:-I' peripharal  development
LnCtion . Soltware
seflings | : Eddll-'lru
r
e

Integrated development
environment
CS+, & studio, ete, *

amsarm.

http://www.renesas.com/products/tools/coding_tools/coding_assistance/applilet/index.jsp
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CODE GENERATION TOOL "AP4" (PERIPHERAL REGISTER SETTING)

Peripheral register value can be set by GUI tool.

Tool generates C source code includes main function and driver code based on the setting.

% Application Leading Tool for RZ/T1 - 20141218.cgp _ == Eoh =
TPAUE)  ERN) BOHEE) ATI=2Q)  ALTH) Button to )
U 5 b 2] % ] 4| 1AR EWARM o Generate driver C
7 x| o maeeE | source code 2| W ECER" x
1 | EERS S W WM oE T - T o HE 7 8WGwwhS
ST AT SOIF A1 | SGIFA2 | SOIFAS | SOIFAt | ’_Register value ) i
|-z | =

g A0yHFEEEES
¥ mRain-s -5 gy bR can be set by

S A ® 8Euk ® 7k GUI
bme DM& Tob0-5 - 7/—
ol AR R SAT L DS

Wl © BT, / © T

m

Hemd TOA—b ®
fowd DI FFATAATIAAL 5 ——
Supported o e b Ry 23 ‘”f]téj;m .
: Pwt SREIPWME T s el EE m
peripherals 16 s ka2 A2 sk | e
-t FOSFTIINAT IR LR @ LSE7r—2Ak ) MSBIF—At
S WL R
cow TR mEmmEE
Cowe T R #12h0an FEREOYS -
ot T AT
.... FI;OP\-?JJJ-"I;;:)U;"JL]E:L:U**JE:J‘I“)’??I‘X Eubl—b 115200 - (bps) (SERSDIE: 115030675, T3— -0.147%)

SOIFAU [T By bl b1 L= A Eh

SCIFA1
SCIFA2 SCKRTiaE SCKER{ERLLL -
SCIFAS
SCIFAY 4 e
o DO AT B —
Fowt SUPILAITISIA ST A L) 7R SRS %
et SPLR)LF VO 2T kO-3 il I | r
- OROEH 2
- DS:MIF " M0409004:ce_src¥r ce_macrodriver h_EEELELE, -
i = W n i T Sk BTl M0409004ce_src¥r_ce_userdefnehk FEELELE,
Hemd 12 Ewb 87D Jo0i—R MO409004ce_src¥r_ce_cec ok FEFELELE.
w T-REEORE MO409004ce src¥r ce cec userch FEELELE. —
e T L T e MO409004:ce_src¥r ce_cechk FFELF LT |E
i VDA oo et AP
N .ce_src¥r_ce_scifa_user o o
zl%ﬁfi@ﬁﬁ MO4DS00.ce srcsr e scifab EFLELE,
i IMDADQDD@77‘()b®15ﬁ§7‘:7bibﬁ:o o
=4 1 +

[T YN Y W PO

MCU:RZ/T1 Chip:R7S910x18CBG

© 2020 Renesas Electronics Corporation. All rights reserved. Page 31 BIG IDEAS FOR EVERY SPACE W zE N ESAS



CODE GENERATION TOOL "AP4" (piN cONFIGURATION)

% Application Leading Tool for RZ/T1 - pinview.cgp EI
 ITOUE) BRY) EDHEE) ATIS3(0)  ALT(H) N
JOE W T )W | Ewary - /( On the pin map view, pin function can be configured
F0aoh- - x| HoF-FLEa FA0ST A RTRRR | 1 fx ; i
&P W = ) by selecting from dropdown list.
e WTREE il -
%Tﬂ";ﬁ"ggsﬂﬁi WEES T IR =)
o DOy HFEE AR L§ TCK TCK o
Soa A LG FLLWSS | PLLVSS T

G50
C31

Lg DD woD Pug PLE PLs. PL2 PO PET PEE az1 P36 PD4  vooo3d

o2 L VS5 VS5
v = 0~-0000000¢ |-
054
i GSE L1 Vs VSS @@ - s |
Cw DMA Tk0-5 L2 VS5 VS5
gmg? L1 WD wDD emnoRo. vezass we wo ws  woo  weo v ® H
-
EIniAH 1 D5 LIS wes VoS
A M T bO - L16 PE7/ D15/ MTIOGTA/ TIOGDIS PO.. |FRERFE = M S Y W W W o ’
Lot - L1g P72/ D18/ MTIOC 1A TISL THD1/.. | THD1
FOSSTTHILIAT i ; . "

AP b 2

P74/ D204 MTCGLKAS GTS 1% SSLOE

000 : 000
za;aéoo@)e: : z@@ga

TP uFRA T Tox Puwss. = uss vss s Vs oo wss L

TommyFaiew =M1 HTAL Ra3
e |[MeeTaL pig Y - w RZ/TA & .
Era FIFOPTRELUFILIE: M3 OSCTH

w SCIFAD [0l BSGAMP S3IRXD0 =Ew PLwEs. v wEs voo voo voo oo PE2

= TRAGEDATAT

@ SCOIFAL ME PLLYDDO FLUVLILY )

SCIFA2 I — ros B

SCIFA3 M3 VoD

o
e SCIFad o vas e s _ 'Y Jelololzls )
LG A 2871 =2, Min WSS /
S b1 7 P [ e e | oas = sz vooass vocass | aas

E

@O ®: 1 :0@@®

Q0000 : :

2

vecoma wss

N -
Pin function also can be chosen from e
dropdown list on the pin list view. IOOOOOOOO@ - OeE A N
\ S i || FT47 Goad/ FO28 |J reVeve @ W G ®® A =t A
F AR R ET o O = /D1 '/ / /.. s ena s v
Eg %Ojiti;:;j '\:2 :1120 z:s D174 POEDRS POETO#ES TOCD, \\ ® @ J
- ™= ? b ;‘ o | " | b \. . . - . - -
@- 3:5,?5;33;;35» e TR Pl_n map view also shows user the S|gnal direction of _the pin
‘ 5[3 ";;:};’E;’;;ji"‘: d aﬂ‘u (input/output), and shows warnings if there are conflicts or
MCU:RZ/T1 Chip:R75910x18CBG k |SSU€S On the Settlng
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CODE GENERATION TOOL SUPPORT PERIPHERALS

RZIT1 code generator supports generating code

. . DMA DMAC (DMAC)
for following peripherals. ELC Event Link Controller (ELC)
GPIO General purpose port
' N oy MPC Multifunction pin controller (MPC)
ortex |
LomPomer Lesdership from ARM extended RAM IMB w/ ECC(option) Multifunction timer pulse unit (MTU3a)
Cortex R4F port output enable (POE3)
FPU MPU Debug BSC Safety Control General purpose PWM timer (GPTA)
(32bit bus) -DOC - ECC(RAM) — .

| Cache D Cache VIC v, Cpf;ggﬁon 16bit timer pulse unit (TPUa)

8KBw/ ECC 8KB w/ECC - SRAM-I/F S boot Timer Programmable pulse generator (PPG)
- Burst ROM-I/F ecure boo .
ATCM 512KB w/ ECC | - SDRAM-I/F (option) Compare match timer (CMT)
BTCM 32KB w/ ECC - MPX-I/O Encoder-liE Compare match timer2 (CMT2)
= (option) Watchdog timer (WDTA)

GAN Independent watchdog timer (IWDTa)

(2ch)

SCIF
(5¢ch)

SPI MTU3a CMT
(4ch) bitx8ch+32bitxich)  (16bit x 6ch) SPII/F (RSPI)

QSPI (Flash I/F) GPT CMT2 Communication FIFO integrated serial communication unit (SCIF)
AR unicati
RUIHIDUSEt ACCEES (16bit x 4ch) (32bit x 2ch) SPI multi I/0 bus controller (SPIBSC)

from CPU

[2Cbus IFF (RIIC)
WDT

TPU X1 PPG X1 ADC 12bit A/D converter
(16bit x 12ch) (4bit x 4gr x 2unit) IIF AS I/F

Emevr\/’\rg]As(\:A;t-cor?prs USBHSIFS External bus Burst ROM/SDRAM/SRAM (BSC)
) 3¢ Func/Host 32bitCRC (CRC)
Data operation circuit (DOC)
Register write protection
Error control module (ECM)
Supported Interrupt Interrupt controller (ICUA)
*Driver codes will be tested on Cortex-R4F, not on Cortex-M3.
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OS-LESS SAMPLE DRIVER STATUS

Sample drivers and application notes release status http://www.renesas.com/products/mpumcu/rz/rzt/app_notes.jsp

Category ltem IAR GCC ARMCC
(EWARM) (e2Studio) (DS-5)

RZ/T1 Group Initial Settings ( Cortex-R4) Available Available Available
RZ/T1 Group Compare Match Timer (CMT) Available Available Available
RZ/T1 Group FIFO Integrated Serial Communication Interface (SCIFA) Available Available Available
RZ/T1 Group ADC Sample Program Available Available Available
RZ/T1 Group RSPI Sample Program Available Available Available
RZ/T1 Group RIIC Sample Program Available Available Available
RZ/T1 Group SSI Sample Program Available Available Available
RZ/T1 Group Watchdog Timer (WDTA) Available Available Available
RZ/T1 Group Independent Watchdog Timer (IWDTA) Available Available Available
RZ/T1 Group DMA Sample Program Available Available Available
RZ/T1 Group Multi-function Timer Pulse Unit (MTU3a) Available Available Available
} RZ/T1 Group POE3 & GPTa Sample Program Available Available Available
8§r-t|:>f-SRilample iz e RZ/T1 Group TPUa/PPG Sample Program Available Available Available
RZ/T1 Group CMTW & ELC Sample Program Available Available Available
RZ/T1 Group CRC Arithmetic Unit (CRC) Available Available Available
RZ/T1 Group Data Operation Circuit (DOC) Available Available Available
RZ/T1 Group SPI multi I/O Bus Controller (Serial flash sample program) Available Available Available
RZ/T1 Group NOR flash sample program Available Available Available
RZ/T1 Group CAN sample program Available Available Available
RZ/T1 Group Sigma Delta I/F sample program Available Available Available
RZ/T1 Group USB Host (Mass storage class) Available Available Available
RZ/T1 Group USB Host (Human interface device class) Available Available Available
RZ/T1 Group USB Host (Communication device class) Available Available Available
RZ/T1 Group USB Function (Mass storage class) Available Available Available
RZ/T1 Group USB Function (Communication device class) Available Available Available

* All driver and sample program will be prepared for main CPU (Cortex-R4). There is no plan for sub CPU (Cortex-M3).
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ETHERNET PROTOCOL AND ENCODER I/F STATUS

Industrial Ethernet sample protocol stack and Encoder I/F status

Schedule
Category ltem IAR GCC ARMCC
(EWARM) (e2Studio) (DS-5)

EtherCAT slave sample stack and CiA402 sample profile for R-IN engine Available Available Pﬁlr:\dn?r:g
Ethernet protocol stack for Under
R-IN engine Standard TCP,UDP/IP protocol stack for R-IN engine Available Available :
Planning
(for Dual Core) T
Modbus TCP sample stack for R-IN engine Available Available o er
Planning
SIS [T EtherCAT slave sample stack and CiA402 sample profile for Cortex-R4 Available Available Und_er
for Cortex-R4 Planning

Encoder I/F release schedule

Category ltem IAR GCC ARMCC
(EWARM) (e2Studio) (DS-5)

EnDat 2.2 EnDat 2.2 encoder I/F configuration data and sample driver Available Available Pﬁlr:\dn?r:g
Tamagawa Seiki Tamagawa Seiki encoder I/F configuration data and sample driver Available Available Pﬁzi?r:g
NIKON A-format A-format encoder I/F configuration data and sample driver Available Available Pﬁzi?r:g
BiSS-C BiSS-C encoder I/F configuration data and sample driver Available Available Plliirr]m?mier:g
HIPERFACE DSL HIPERFACE DSL encoder I/F configuration data and sample driver Prelailcw;ﬂ:gever. Pregr\gﬁggever. Ptilr:]i?r:g
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RENESAS STARTER KIT+ FOR RZ/T1

http://www.renesas.com/products/tools/introductory_evaluation_tools/renesas_starter_kits/rsk_rztl/index.jsp

The Renesas Starter Kit+ for RZ/T1 is the perfect starter kit for developers who are new to the RZ/T1.

» The kit includes RZ/T1 evaluation board, LCD display module, J-LINK Lite debugging emulator and e2studio integrated
development environment.

= S0 you can start evaluating the RZ/T1 immediately after opening the box.

Development Tools CPU RZ/T1, 600MHz, 320pin BGA

; NOR-Flash 64MB (16bit) x2
SDRAM 64MB (16bit) x2
Serial-Flash 64MB
EEPROM For Ethernet MAC address.
Ethernet RJ45 x 3ch with EtherCAT dedicated pins.
USB 1ch (Host/Func)
Audio CODEC MIC x 1, Headphones x 1

< CAN 2ch

Reset/IRQ SW Reset x 1
User SW 3

USB for Console 1ch (RL78 is used as a USB to Serial adaptor to emulate the
(RS232C to USB) serial port.)

v.renesas.com o | User LEDs 4

Delta Sigma AD I/F | Connector for Delta Sigma AD I/F
Product name Debugger supplied Part # (Ordering #) Availability Headers Standard RSK+ header specification
Renesas Starter Kit+ for RZ/T1 . . (Application headers, PMOD x2)
(Kit with Segger J-LINK Lite) Segger J-LINK Lite RTK7910018S00000BE | Available Motor Control 1ch of motor control signals is connected to application header.
i Debug I/D 20pin standard JTAG connector and Mictor 38pin connector.
Re_ne_sas Starter Kit+ for RZ/T1 (No Debugger in Kit) RTK7910018S90000BE | Available £ P P
(Kit without Debugger) Power 5V Input
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race:8

RESET

TOP SIDE VIEW OF RSK+RZ/T1 =

RJ-45 1008 ] [veusen| Power Ctrl | veus
(MAC) 2 use
(TypeA)
~ L ETHERC use 909 I T
CAN connectors USB(Func.) (optional) RJ-45 1 | — .
Tx2 00
e il \BUSI (TypeB)
T 0 RZIT1
320BGA)
u ! “ i -
- = ¢ | A FENF | | Enarcat
(Slava)
. B RENESAS.
- "STA EEPROM [l
A‘ c (16KB) ch0 RIIC MC
o =~ -
ATTENTION ' 3 £ ; ] AucioCodec -
\ : - 3
N : .
" o 18834 : MTIOCIGAD, 4AMC, 4BMD HP
a . N 44 +MTCLKAB+ 1A ’E
- > GTIOCZOWVBTIOCIZ0B ]
4 . D7#002252000 o
[= - b S8L10
¢ g oo
8 TIOCOAS:0) ”
Q g ANIO[70). ADRTGOS
O S5L11
= PMOD2
Q. Q
]
3
* TRl o rasics usB
Mini-B
MCLK[0]
Pin Header =
(12pin) WDATE3.0] [ DsMIF ] ‘

(0zovLir ryy)
IOPAULoS 10N
20}P8UL0D
U] pIeORE LORE

CAN Pin Haedr
RS-CAM | [¢—] Transceiver (3pin)

T T
Serial Flash 4,
-
y

16bit

.
¥

e

A

A | 2 o T

bl LI [
[ Applicat
\’ E o i B S
.
T '

DC/DC Reset IC Serial port RL78/G1C *The board in this picture is a prototype version.

(RAA230132) B(RNA51957BFP)l (USB Mini-B) (GERINEIONIN 11,c.e may be a part different from the actual prc
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Encoder #2
Encoder #1 p i
" n Differential A/B/Z Differeritat A uss
EnDat/BiSS i
' il : Lioyice RS232/RS422
! ’ 4 CAN Bus
8 Digital Inputs . 3
24V Tolerant ® 2

2 Digital Inputs
24V/I2A g
6 Hall-Sensor F
. Dual SEI‘VO MOtOf Contl’0| Inputs, 5V Tolerant

Inverter Interface
PWM & Control

; EtherCAT
LEDs
* Incremental Encoder Interface — A/B/Index — RS422 spositon
= 5V Tolerant Hall Sensor Inputs o g~y
. .. 8 User Defined 1 J/ Ehercal

B Industrial Connectivity s 0755 RJ45 Connectors

= EtherCAT, PROFINET, EtherNet/IP, CAN Bus =l = o - ‘
B Single Absolute Encoders Interface foscemediom | |Tinbamsl) || | Aniog Pentinc

= EnDat/ BiSS / Tamagawa Seiki / A-format interface buffers Motion Control Solution Board

B Single Motor Inverter with Complimentary PWM Signals or Dual Motor Inverter with Single Ended PWM Signals
B Motion Control Software
= Algorithms in source code and Library

4l PMTools [ T S 5 PMTools [ o ]
— Current control loop algorithms, Position loop and feedback e peore e - ‘ I T—— -
— Position Capture, SVM, Velocity Profile Generator . 5?3;'232%71?“;':’;1’” ‘ B e e—
B Motion Control tool (library) o BT || papang e -
= Multi-axis support == et et 5] i
= Position/rev setting — i [ 1 E,L.jm
= Windings mapping o w =uE| e e
= Phase modes Foute Wamhas EHJSZZ:; % \nuulSca\e:.] = O:::t[;: :Eu
= Kp, Ki, Kd tuning S— B
= FF velocity/acceleration —_ S— d e ——
* Motor commutation profile g ([ ‘t ‘ - f;;m;@;i‘ A
= Motion scope in realtime me = == T‘_ T owarmis ol
Connection: COM? Connection: COM7_|

= Channel selectable, zoom in
Motion Control Tool

https://www.renesas.com/en-eu/products/software-tools/boards-and-kits/evaluation-demo-solution-boards/ydrive-it-rzt1.html
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OVERVIEW OF SOLUTION KIT UPDATE

B Firmware and Utility tool update

Support absolute encoder protocols : EnDat, BiSS-C, Tamagawa, NIKON A-format. EtherCAF-
Support additional velocity profile generation algorithm : Bezier-curve profile

EtherCAT & CiA402 is supported by firmware, which allows user to control motors via EtherCAT.

Evaluation version industrial Ethernet stacks and sample program are included.

= PROFINET device protocol stack by TMG Technologie und Engineering GmbH. T’;I o Gruppe
= Ethernet/IP adapter protocol stack by TMG Technologie und Engineering GmbH. \\E5

* User can use these stacks for free of charge for their evaluation purpose.

Technologie und Engineering

https://lwww.tmgte.de/

L20928° Etherivet/IP
B Document update

= Additional document are included

= Application note for the firmware, which describes detail implementation of the firmware.

= Ascii command protocol specification document, which describes the protocol specification which is
used between utility tool and firmware.

= Users manual of the Velocity profile generator library, which describes detail and usage of the velocity
profile generator library.
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KEY TAKE AWAYS
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