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SoC: System-on-a-chip * Consolidated, as of December 31, 2021
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Intersil: Intersil Corporation, IDT: Integrated Device Technology, Inc., Dialog: Dialog Semiconductor Plc, Celeno: Celeno Communications
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Graphs created by Renesas based on Gartner Research. Source: Gartner® Market Share: Semiconductors by End Market, Worldwide, 2021, Andrew Norwood et al., 31 March 2022
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Renesas
Core

32-bit MCU

Came

Power Efficiency

RX13T, 23T, 24T, 24U, 66T, 72T,
26T*

Features :

*RxV2/V3 high performance core
*High integration

*Broad lineup

8/16-bit MCU

CeT

Low Power

G1G, G1F, G14
G24*

Features :

*RL78 16bit Core

*Low power

*Low pin count lineup available

Arm® Core

32-bit MCU

7

Arm Ecosystem

RA6T1, 6T2,
6T1*, 4T1*

Features :

*Arm ecosystem

High integration
<Advanced security
*Flexible Software Package

© 2021 Renesas Electronics Corporation. All rights reserved.
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Rk EomARS EHHE  ROM(KB) RAM (KB) B{EME HEHE
RL78/G1G |30 & 44 8/16 15 24MHz  [2.7 55V |[RL784%. /N3
RL78/G1F |24 ZE 64 32/64 5.5 32MHz  [1.6 E 55V |RL78A#%. /N3 KB LLIRSEH PGA™
RL78
30 & 64 16 £ 64 25255
RL78/G14 32MHz  [1.6 £ 55V RL78A1Z. BABRIEH. FEES
96 & 512 12 & 48
80 & 100
RX13T 32 & 48 64 & 128 12 32MHz 2.7 55V RXvIA#Z, FPUL, 5V IZ{EHE. NE PGA?2
RX23T 48 ZE 64 64 Z&E 128 12 AOMHz 2.7 & 55V [RXV24%. FPUL, 5V #2{EBE
RX RX24T 64 & 100 [128 X512 [16 & 32 [BOMHz [2.7 55V |[RXv2R#%. FPU, 5V IZ{EHE. NE PGA2, 2 HLIEH
RX24U 100 & 144 [256 & 512 |32 80MHz 2.7 55V [RXV2N4%. FPUL, 5V IR{EEE. NE PGA2 3, 2 BHAIE4
RX66T 64 & 144 256 1024 |64 & 128 [160MHz [2.7 & 55V |[RXv3R#4%. FPUL, 5V IZ{EHE. NE PGA2 3, 4 HHIEH. LotEth
RX72T 100 & 144 512 & 1024 [128 200MHz 2.7 & 55V |RXv3A1%. FPUL, 5V iE{EBE. AE PGA2 3, NE TFU4, 4 BES. 28k
RA RA6T1 64/100 256/512 64 120MHz [2.7 & 3.6V |Arm Cortex-M4., RNE PGA=2 3, 2 BHizd]. LLfEir
RA6T2 48 & 100 [256/512 64 240MHz [2.7 & 3.6V |Arm Cortex-M33. REPGA2 3 AE TFU, 2 B IEHl. Lo iEsh

*1 I Z RS EERIT
*2: D] RiEIE AR K2R

*3: (7S AlRAEIB IR 25

*4: = AARECEEETT

© 2021 Renesas Electronics Corporation. All rights reserved.
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RX66T/7T2TAERX L2 HIMCUH i) %8 AL

BT A
Register bank save 2755 . RX72T
_______________________ =Y g | ) €W 100 to 144pin
: Z:iﬁr‘ AL Up to 1MB Flash
High-end |i 100MHz RX63T T RX66T wamsasce | Perfomance
| 48 to 144 Pin JITERERAVS IR Enhanced
| 100MHz Up to 512KB Flash I & LA RX66T ravsss neies
: 100 to 112 Pin 2.7t03.6V/ 4.0 to 5.5V, T LFH /2.7 10 5.5V )
I 64t0 112 Pin 2%%255(55\55 Flash I thz=2 il APGA 8?3 ttg éiiﬁ'&
I Up o 256KB Flash ' ' I B/ L8yl 2.7 10 5.5V
LZ_ZtQ_'B Q/M;Q'Bﬁ_sy - e s T T s s T s = l_ ____________
80MHz
E;&%ﬁgﬁh 100 to 144 Pin
A % B Up to 512KB Flash
Middle-range Z—g’;ﬁ;&@& (W EPGAZ) RX24T (ver.B) Biasy
gl 80MHz 100 Pin PGASSHIA Higher
FLFH/E2.7105.5 e A e oy N
RX24T(ver.A) 2.7 to 5.5V
654 to 100 Pin TheesE s Enhanced
gp7tto 2552\55 Flash B AROM function
. 0 O.
40MHz
K& T B RXv1l + FPU, Inverter x 1
B B > Hb
- A AL IZ ] 48 to 64 Pin THIE LTI
Low-end Up to 128KB Flash 32MHiz =0 () 463 P
2.7t0 5.5V Up to 128KB Flash
2.7 t0 5.5V
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RX66THFE— Y
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« 928Coremark : fEZ3F5VEEMAMCURLM T4 KE
- LlEBlFFEmEH2 SENE TR

* Value is measured by field oriented control program of Renesas.

« 160MHz PWM (Max: 3tB B @B sE AH B4 NBE S & BEE T4 0EE)
« ST/ ISERIFBNEDRRPWM

- BIlRFEZREFRIPERTT
- EIINBANERR, BRAEEMESTRAZ2E

- ZHBIEXNNAMNENARMHIITE, SEAREREFHTEINZEHTEL
- XIFCAYiEitAEBh TBRenesas Motor Workbench 2.0

FEEALARR S 5

\
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z This table shows the maximum specification. The details depends on the part no.
*1 : Back Ground Operation, *2 : High-resolution PWM : 4ch

!
U

RX66TIhHEF

Technology

RXv3 Core 160MHz RX66T (RAM 128KB)

System, ﬁ-{r@ Security &
Power Management Encryption

i)V | 200MHz Code flash (1MB 12bit A/D converter Trusted Secure IP Lite (AES/TRNG)
( ) 3unit(8ch,8ch, 14ch) DMAC x 8ch, DTC Key management, Access management

3 ch simultaneous S&H for 2unit only

' Up to 5.80CoreMark/MHz [0 s

RX24T RX24U RX63T RX66T SRAM 128KB Pseudo-Differential programmable Interrupt controller Code protect(flash access limited)
512KB 512KB 512KB 512KB D (EE) 16 level 16pin + NMI Trusted Memory(flash access limited)
80MH. 80MH 100MHz  160MHz : .
‘ ‘ 12bit D/A converter 2ch On-chip oscillators Unique ID
RX62T DEURVES (EENE) 2 Power-on reset (POR)
RX62G SRAM with ECC 16KB e SRS SERE] Voltage detection circuit(LVD)

256KB Comparator x 6¢ch Event link controller

(XVW)ysel4

100MHz
. : 3 Human-Machine
RX23T
Dol Connectivity 43 |Timers Safety Functions G’J Interface(HMI)
40MHz
Multifunction timer pulse unit (MTU3d) Memory protection unit
Performance - oo
General-purpose PWM timers protection unit
B Power voltage: USB2.0 32bit X 10ch *2
2.7V 10 5.5V Full Speed Host/Function 1ch fetlEney acfrccl:jrifcy meastremen
B Operating temperature range: CAN x 1ch Oscillation-stop detection

-40°C to +85(D products)
-40°C to +105°C(G products)
B Single-precision FPU
B DSP instruction:
Register-direct (80-bit result)
Register-indirect(72-bit result)

" Barrel shifier
© 2021 Renesas Electronics Corporation. All rights reserved. Page 17 BIG IDEAS FOR EVERY SPACE W z E N ESAS

CRC32 calculator

Data operation circuit(RAM test assist)

SCI x 7ch (with FIFO 1ch)
12C x 1ch
RSPI x 1ch

Package

8bit timers 4unit(2ch x 4ch)

A/D self-diagnostics(fault detection)

Compare match timer X : :
16bit x 4ch A/D disconnection detection

14-bit watchdog timer LFQFP 100/144

14-bit independent watchdog timer
Port Output Enable




RX72THRFE— 5
SEIR = A% R R0 Ve 35 HR R

FEATIZERI S5

\

« 1160Coremark : fEZ3F5VEBEMAMCURLMF4REKE
- ZARBHFEEEET, (R{CRIRIIR/ A0S ZES/48 A1

« 200MHz PWM (max : 3tHE#MiEE S E AAE B4 MNRIEIE S & BB 4N 0EE)
* Register save bank}gF =R RERE

- BIlRFEZREFRIPERTT
- EIINBANERR, BRAEEMESTRAZ2E

- ZHBIEXNNAMNENARMHIITE, SEAREREFHTEINZEHTEL
- XIFCAYiEitAEBh TBRenesas Motor Workbench 2.0

© 2021 Renesas Electronics Corporation. All rights reserved.
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RX72TIh BEF
Technology

(XVIW)usel4

This table shows the maximum specification. The details depends on the part no.
*1 : Back Ground Operation, *2 : High-resolution PWM : 4ch (When this is used over 160MHz, there is a restriction.)

[l
R

RXv3 Core 200MHz

Trigonometric function

System, ¢ fSecurity &
Power Management ol Encryption ﬁ

Trusted Secure IP Lite (AES/TRNG)
Key management, Access management

w/ register bank save function

Memory Analog s

Code flash (1MB) 12bit A/D converter
3unit(8ch,8ch, 14ch)

3 ch simultaneous S&H for 2unit only
SRAM 128KB Pseudo-Differential programmable Interrupt controller

512KB I G () 16 level 16pin + NMI

12bit D/A converter 2ch On-chip oscillators
Power-on reset (POR)

Voltage detection circuit(LVD)
Event link controller

e Q soety uncions @ | BGLIER

Memory protection unit

RX66T Ne2A)

DMAC x 8ch , DTC

Code protect(flash access limited)

Trusted Memory(flash access limited)

Unique ID
Data flash (32KB) *1

SRAM with ECC 16KB Temperature sensor

Comparator x 6¢ch

Multifunction timer pulse unit (MTU3d)
16bit x 9ch

A
1MB 1MB
160MHz ppAele]\isp4
RX24T RX24U RX63T RX66T
512KB 512KB 512KB
80MHz 80MHz 100MHz 160MHz
RX62T
RX62G
256KB
100MHz
RX23T
128KB
40MHz
Performance :

B Power voltage:

2.7V to 5.5V

B Operating temperature range:

-40°C to +85°C(D products)
-40°C to +105%C(G products)
B Single-precision FPU
B DSP instruction:
Register-direct (80-bit result)
Register-indirect(72-bit result)
B Barrel shifter

USB2.0
Full Speed Host/Function 1ch

CAN x 1ch

SCI x 7ch (with FIFO 1ch)
I2C x 1ch
RSPI x 1ch

8/16bit external bus

General-purpose PWM timers
32bit x 10ch

8bit timers 4unit(2ch x 4ch)

Compare match timer
16bit x 4ch

Register write
protection unit

Clock frequency accuracy
measurement circuit

Oscillation-stop detection
CRC32 calculator
Data operation circuit(RAM test assist)
A/D self-diagnostics(fault detection)
A/D disconnection detection
14-bit watchdog timer
14-bit independent watchdog timer
Port Output Enable

Package

LFQFP 100/144

© 2021 Renesas Electronics Corporation. All rights reserved.
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Flash
; 3 Inverter , , , ,
1MB | : . . . [RX66T | [RX72T . [RX66T J[RX72T |
1 | 1 | 1 | |
________________ r--—fT"~—~""~"™~HWw~ ~""~""~"""""~"°53/“~"“~"~“~"*“"*“"*“"*“""*“"*“™"f}1" - -~ ~"-"-"-"-"°\«“""_ -~ -~"-"-"-"-"-"°9°"" -~ _~” - - ™ W AT T T T
! [ RX66T ]. ' [RX66T ]| [RX66T |: [[RX66T ] [RX72T i RX66T ] [RX66T J[RX72T |
512KB : I I I I | |
: I I I I | |
---------------- FERE R 1 3 S
1 1 | | | 1 |
1 I I I I I I
304K : | | | | | |
---------------- F - — = - - - R R e e e e e e e e e R ] e e e i S S S SIS S S S S
: ’ RX66T | | ' | RX66T | | [RX66T | | [ RX66T | | RX66T | :
1 | | | | | |
1 | | | | | |
256KB | : l l I l l
1 I I I I : :
: I I I I | |
: | : : : ; :
________________ L L L L o  E E  E  E  ——
1 1
128KB . *'n’inverter : Can output 3-phase complementary PWM output up to ‘n’ units
: : : : : : : | :
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 : ________ _: ________ :_ _______________
"""""""" G T T T T T T T T T T T T, : :
64KB : : : : : : : | .
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 : :
R R S S R S . S b ool
"""""" i l [ 1 1 [ : ': :'
__AskBY L b e mmm——- e —m e demmemmmen bem e m——e- e mmmm e e m e m— e ————— oo deeee o L e
1 1 1 1 1 ] 1 1 1
32K® : : : : : : : : : :
48pin 52pin 64pin 64pin 80pin 80pin 100pin 112pin 120pin 144pin "
7X7mm 10x10mm 10x10mm 14x14mm 12x12mm 14x14mm 14x14mm 20x20mm 16x16mm 20x20mm
0-65mmpitch 0-8mmpitch 0-65mmpitch 0-65mmpitch
© 2021 Renesas Electronics Corporation. All rights reserved. Page 20 BIG IDEAS FOR EVERY SPACE W zEN ESAS



RX66T/RX72TE E4F1iF

» CPU/Accelerator4&E

> RX66T/RX72T REtADiE =15l
> TERTEIhEEER T

> 1 ThEERTT

> IgEL S
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RXv3 CPU Core DeIiveF’s [hdustr

Performance at 5.8 CoreMark®/MH
32-bit RX MCUs address real-time perf@pmant ha
stability required by motor control and"if a| e

RXCPURNZ — R

- oo e N e

Blue fonts : Enhancements of RXv3 core

Red font : Enhancements of RXv2 core

Item RXv1l RXv2
Architecture 32bit CISC, Harvard architecture
General-purpose | 32bit x 16ch
registers
Compatibility RXv1 Downward compatible with RXv1 Downward compatible with RXv1/RXv2
Instruction set 90 instruction 109 instructions _ _ 113 instructions _ _
(RXv1instruction + 19 instructions) gRXv?_ instruction + 4 instructions)
2 of instructions for register save bank
function
Pipeline 5-stage 5-stage - 5-stage -
Improved IPC through enhanced pipeline || Improved IPC through enhanced pipeline
(enhanced Performance through parallel || (enhanced performance th_rou?h
execution of memory access and improved combination of simultaneously
operations) executable instructions)
DSP function Accumulator x 1 single-cycle MAC instructions added (32-bjt X 32-bit + 72-bit),
instruction accumulator added for a total of 2
FPU (sin)gle- Support for IEEE 754 conformant data types and exceptions, pipeline progessing
precision
Performance Up to 3.12CoreMark/MHz | Up to 4.55CoreMark/MHz Up to 5.8CoreMark/MHz
Other - - Register bank save fu_nction(oPtionaI)_
Double-precision floating-point operation
mstrL_lctlQn(optlonag
*Availability depends on the product
specifications

BIG IDEAS FOR EVERY SPACE M z E N ESAS
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HE R E A 322 MCUE: BE KJRX66 T/RX72T

B RX66TH:REEIX928CoreMark, RX72THE R EiA1160CoreMark )y 747 2 1 e

m OV FAGERIMCURL &5V AR, A& & R IERe R Byl H RS

Coremark benchmark

1400 7
1200 3. X3. 3 6
1000 4.33 1160 5
£ 3.12 =
) m
S 600 3 g
608 S
400 2
200 1
0 0
RX62T/63T RX24T/24U  RX66T RX72T A 160MHz B 168MHz C 180MHz D 200MHz E 200MHz CM4 : Cortex-M4

CM7 : Cortex-M7
*Based on nominal values by
EEMBC and each company

100MHz 80MHz 160MHz 200MHz CM4(5V) CM4  CM4(5V) CM4(5V) CM7
RXv1(5V) RXv2(5V) RXv3(5V) RXv3(5V)

© 2021 Renesas Electronics Corporation. All rights reserved. Page 23 BIG IDEAS FOR EVERY SPACE W z E N ESAS



REGISTER BANK SAVEZ} & [RX72T]

= JEIE T A A, ST N

= L ff)Save Register bank
= A SAVE A1 RSTR $54 7] LLiJj i Save Register bank

= Save Register bankfJ% & : 16 in RX72T

o A A PP € LB Ve R

= save : 1 cycle, restore : 3 — 6 cycle

Interru pt\
w/o

Register
Bank save

w/
Register
Bank save

RTT X+ B S I H e LI

)

Save Restore
Up ta-27cycles /Jp/t(ﬁcycles
lcycle 3~6cycles

4

Comparison with conventional product (saving data to all register)

CPU registers Save register banks

General-purpose RO Bank 0
registers R1 _ SAVE Bank 1
instruction R1 .
(save) RAIY
Bank 15
R15 R15
. RSTR R1
Control registers ISP instruction 0sp
uspP (restore) :I i
¢ FPSW
INTB :I :I 15
PSW ACC1 :I
BPC
SW
BPSW | :| :! sw_
FINTV I I pCO
FPSW ~ ACC1
EXTB )
Registers related ACCO
to DSP instructions ACC1

Save Register bank’s target CPU registers
General-purpose registers(R1-R15), USP, FPSW,
Accumulator(ACCO. ACC1)

© 2021 Renesas Electronics Corporation. All rights reserved.
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=ARBE B EE I (TFU) [RXT72T]

R RR/E E B IE/E: sinf&cosf x2.5~x5.6, atan2f x8.7~x13.9

= This result is reference value measured by CC-RX V3.01 and this is no an exhaustive input value.

math.h vs TFU (sinf/cosf) math.h vs TFU (atan2f/hypotf)
0 The effectaccelerated by TFU 700 The effectaccelerated by TFU
140 sinf:x1.6 ~x3.5 600 atan2f : x8.7 ~ x13.9
120 cosf: x1.4 ~ x3.4 i hypotf:x10.2 ~ x11.1
100 sinf&cosf:x2.5 ~ x5.6 atan2f&cosf: x15.5 ~ x20.3
:; 80 e
0 = B T
0 — - R e
20 . .
math.h math.h TFU math.h TFU math.h TFU
cosf sinf&cosf atan2f hypotf atan2f&hypotf
= Min Fluctuation H Min Fluctuation

© 2021 Renesas Electronics Corporation. Al rights reserved. Page 25 BIG IDEAS FOR EVERY SPACE M z E N ESAS



RX66T/RX72T B

-

A~

« HUSFSEF 3-phase inverter x 3 B x4 !

. 1. Bl SEPL3-phase inverter x 3 BL x4 !
GPTW timer $24t£ Th &8 ¥13-phase HANPWME H! (34~ HAL
Inverter 9xzh) )
ch0& Output 5 T *MTU3d 7] LLEK )2 /I\EE‘HL _
3-phase chl& ,| protection 2y Gate | *MTU3d+GPTW 1] LLIRZ) £ k4 A~ iL(only 112/144pin)
complementary ch2 circuit driver Ok R |—|
PWM output timer (POEG) - . £ 1 2. [F4b 3-shunt x 2 HEIFEMN !
(GPTW) h3 ~Position signal Position sensor - Jlid PGA & S/H x 6 1] S [A| A 4b #E3-shunt X 2. PGA (%
also possible Inverter ST DS R T
Output - DAL
Cugg prol:e?:tjion §‘ Gate N i Gl N ! o e
. circuit driver I | yrdy 1] B[] 3. TR AT A
CrLG (POEC) : ' M & reset Hi%, E2PROM, op-amp, comparator
12-bit ADC S/H 'é< 4 IjJAh R 2 D
L ] . THREDUAL, SEPLZOH) FEALFE ] |
for position i I' /11 Tesl <z e ij’:;grr:: Sensor for - Cgmparator X 6eh Al F6r I 57 H 15
water temp, -ty DR L% (POEG) AT 3t il ¢ W PW My H
<— S/H |« GAl< temp,humidity,
oltage weightete. 5 suRHy A
detection 12-bit ADC |4 Sensor signal FERIHE, XRFIEC60730 %4 hriClass B (Fail-Safe)
comparator SR GE B BBy, R B f e
x oeh | S/H [« GA[®
12-bit ADC
for position ‘—| S/H [« GA[*
detection S/ P 3-shunt H 4 157
GA[*
current I_D ZNAVALEE
ch7& Ol:tplt{t 6 | cate CHhE RIS, LR, BT, NEANESE
protection 2y P
ch8& circuit M driver [ ,4},4}“}5 ;g ] Dj _ : . -
ch9 (POEG) . ) PGA: Programmanle gain amp, S/H: sample & hold circuit
~ K Inverter * The left figure only shows an image, not the actual layout.
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MTU/GPTSE i 238 Zh e — i

v BEFTENSRET (MTU3, GPT) ZSMERIAN , BRARHARE

Function Item GPTW
The number of channels 9ch 10ch (32bit)
v
: : ®Complementary PWM output operation (channels v Single-phase 10ch

Basic function P y putop ( ) 3-phase 2ch (3-phase ch+psingle-phase ich)
@Max. operating frequency The same as CPU frequency The same as CPU frequency
(dChannel synchronization operation v v
@PWM Mode Output Protection Function (POE) v v
®Left-right asymmetric triangular wave PWM v v
®sSimultaneous transfer buffer register v v

Common function . .
@AID trigger dedicated compare match : 2 parts v v
®ADC conversion skipping function v v
®@Interrupt skipping function v v
@120 degree waveform auto-generation from hall sensor input v(AC synchronous motor drive mode) -

Other unique function . i
@Rotary encoder input count v'(Phase counting mode) v'(Phase counting mode)
®Sawtooth wave complementary PWM w/deadtime - v
@Left-right deadtime control — v
®@Phase shift start between channels - v
@Inverter control by external trigger - v

GPT unique function Y 99
®Negate control for PWM — 7
@®High resolution PWM output B p

(PWM output delay function)

@GPTW-dedicated PWM output protection function - v

for safe motor driving
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[1]

v igsErREYIhREER T, BT {ER!

=B LTI B8 (ADC, Comparator, PGA)

[E)2EELE R TIEE ! 31T 12{iIADCE 5T
JBERERFRISHIE, B ﬁﬁEﬁ%ﬁﬁﬁﬁﬁ
ADCEEHERY(E! — Inverter control RX MCU RX66T/RX72T JEEE S S ELATIRE] |
U-phase \
Inverter curent  ( > — -
output ? PS S r
V-phaS? IConversion
curren !
E:}_KI}T:‘} 0—@_‘_’ - o s/H 12bit - result-
ey | wprese | poc
':|} C.} current ° .
PG » S/H
. - 12{iDACZIFSEHE |
PGAAZED AR | / @ D £ £
o . i y SSWATS
ZiFtaimisaA, R [pcavss C ¢ P4 Ewm}:{—qjm reSh
1818 B T4 omparator AES
*Fn :F;,E Output protection circuit |
(POE) =
 — 7
PGA : programmable gain amp S/H : sample&hold
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ZEIHEE

v RX66T RX72TiIRt T IR S T2 14 Ih6EE

n [NfFERIA

* Trusted Memory

m NZEEThAEE
- EEERE
- TSIP-Lite (AES, RNG)
Hth
- Chip Unique ID

Debugger
|/F

Data l E S Regsister

flash

HW encryption circuit

RNG Unigue
D

' miER

m [51E A ERIEE 5]
« ID codefRip

«  On-chipifif{ 834x#F
« ROM codef®ip

« RegisterBEA{RIA
-  Memory{RiREasT

© 2021 Renesas Electronics Corporation. All rights reserved.
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.

-

RA 14 B B Lz IMCU

RA6T1/RA6GT2
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RA-TEE L= H|MCUSER

RA-T R 51 Gr 457 CPUAN A1 BB #5 ( l 7 f %, DAASE B2 1) e R 7 S 4
RA-T 2 41 HAG MRS (1 LI Al BB e, SO DRI IR T %6

! ! ! l ! ! . ' Motor | Motor :

! ! ! ! ! ! Basic ! ! '+ Motor Control
Group Frequency: CPU | Flash | Data : . ' Control Control !

: : ROM | Flash | SRAM i Perlpheralsi Timer | Analog i H/W Accelerator

RA6T2 H 240MHz | 5 1 sk

| ] 120it | 3sH | ax ax |

Bi-Quad
Trigonom
| | d etric Unit
| 1 12bit 3x 3x [

126it | 3sH | ex 6x |
3 B ElENE

i i 12bit 3X 3x i Trigonome

Communi
cation I/F

(Serial,
SPI, 12C)

RAGT1

etc

BEGE
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RA6T1/RA6T27ERAFEHIMCU~

1 RE L

512kB / | RA6T2 BN RAGT2 RA6T?2 RA6T?2
o | 64kB RA6T1 RA6T1
g 256kB / [ RA6T2 | RAGT2 RAGT2
64kB
é m _ RABT1 RAGT1
T | 256kB/ RAGT3 [ RA6T3 | RAGT3
@ | 40kB RA4T1 | RA4T1 | RA4T1
|
L | 128kB/
A0kB RA4T] | RA4T1 | RA4T1
Pin Count 32pin 32pin 48pin 48pin 64pin 64pin 100pin
Package QFN LQFP QFN LQFP QFN LQFP LQFP
Size in mm 5x5 X7 X7 X7 8x8 10x10 14x14
Pitch in mm 0.5 0.8 0.5 0.5 0.4 0.5 0.5

© 2021 Renesas Electronics Corporation. All rights reserved.
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RA-T R % EESF A

® 5 B LA B YR L A T DL AL R HAS A = i R 5

= 45K (ARM Cortex-MIN 1%, PWM 2R 25, AID #5328, LLEIER)
= FE ARG IR, FT RGEHEE

= G BT S A I v N A

= SN D) RE IR RF e A

® 12 ) N 24 A T (RAGT2, RABT3, RA4TY)
= DO IR AR B DEBRE
= /D CPU A LLSEIILBE 22 fff N2 g

O FF R

= HILAERTZE, & LT H]

= Motor Workbench, /i B3 15

= Model base development support
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RA6T1 GROUP
ARM CORTEX M4 - 512KB FLASH WITH 64KB RAM

'R
»

Performance

RAS
A6 More than

RA4 R
240MHz

40nm high-performance process
32-bit Cortex M4 Core with FPU
Operating temperature range:

Ta =-40°C to 105°C
Operating Voltage:
2.7V to 3.6V

v

RAG6T1 120MHz 32-Bit Arm® Cortex®-M4 Core

@ Memory

Code Flash ( 256kB, 512kB)
SRAMHS (64kB) Parity

Data Flash (8kB)

@Communication

CAN x1
12C x2
SCIx7

N Analogue

12-bit A/D (11ch) 3S/H
12-bit A/D (8ch) 35/H
12-bit DAC (2ch)
3ch PGA for each ADC

High Speed Comparator (6ch)

SPIx2

Temperature Sensor

{§} System

DMA (8ch)
DTC
Clock Generation

On-Chip Oscillator
HOCO (16,18,20MHz),
MQOCO (8MHZ),
LOCO (32kHz),
ILOCO (15kHz)

Low Power Modes
ELC
Interrupt Controller

6 Timers

GPT HighRes 32-bit (4ch)

GPT Enh. 32-bit (4ch)

GPT 32-bit (5ch)

Low Power GPT (2ch)

WDT

@ Safety

Memory Protection Unit
SRAM Parity Check

POE

Clock Frequency
Accuracy Measurement

CRC Calculator

IWDT

Data Operation Circuit

Flash Area Protection

ADC Self Test

NVIC | JTAG | SWD | ETM

@ Security

AES (128/192/256)
TRNG

GHASH

SHA1/SHA224/SHA256

ECC/RSA/DSA

3DES/ARC4

il Package

LQFP 64, 100

© 2021 Renesas Electronics Corporation. All rights reserved.
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RA6T1 =

|
-

Ry il

FLASH / RAM
Pin Count 64pin 100pin
Package LQFP LQFP
Part name Flash RAM DataFlash Operating Package Package dimensions Pin Pitch
Temperature
R7FAG6T1AD3CFP LQFP 100pin 14x14mm body; (16x16mm)
512kB
R7FA6T1AD3CFM LQFP 64pin 10x10mm body; (12x12mm)
64kB 8kB -40 to +105 degree 0.5mm
R7FAG6T1AB3CFP LQFP 100pin 14x14mm body; (16x16mm)
256kB
R7FA6T1AB3CFM LQFP 64pin 10x10mm body; (12x12mm)

(included lead)
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RA6T2 GROUP
ARM CORTEX M33 - 512KB FLASH WITH 64KB RAM

'

Performance

RAS

More th
A RAG | s
RA2 240MHz
100MHz
48MHz

v

40nm high-performance process
32-bit Cortex M33 Core with FPU
= Operating temperature range:

Ta =-40°C to 105°C

Operating Voltage:

2.7V to 3.6V

@ Memory

Code Flash (512KB)
SRAM (64KB)
Data Flash (16KB)

@Communication

CAN FD x1
12C x2
SCI x6
SPI x2

H Analogue

12-bit ADC (total 29ch,
2unit, w/ 3ch S/H x2)
12-bit DAC (4ch)
Comparator (4ch)
PGA (4ch)

{§} System

DMA

DTC
Clock Generation
On Chip Oscillator
Interrupt Controller

ELC

RAGT2 '240MHz 32-Bit Arm® Cortex®-M33 Core

@ Timers

GPT 10ch
LPGPT 2ch
WDT

@ Safety

Memory Protection Unit
ECC in SRAM
POE
Clock Frequency
Accuracy Measurement
CRC Calculator
IWDT
ADC Self test

NVIC |JTAG | SWD | ETM

Motor Accelerator

Trigonometric Unit
Bi-Quad Filter

@ Security

AES 128/256
TRNG
Unique ID

$ Package

LOFP 48, 64, 100
QFN 48, 64
LGA 100 (planning)

© 2021 Renesas Electronics Corporation. All rights reserved.
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RA6T2 P2 54 A

Memory size 2 t

Flash 512KB

pes Functional option 2 types

w/ CAN-FD

RAM 64KB
RA6T2 Cortex-M33 240MHz Flash 256KB w/o CAN-FD
as
Note : CAN2.0B is supported in each option
RAM 64KB PP g
Total 20 types line-up
512KB / 64KB
FLASH / RAM
256KB / 64KB
Pin Count 48pin 64pin 100pin
Package type QFN LQFP QFN LQFP LQFP
Specifications of products under development are subject to change without notice.
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RAG6T2 37 H B 1447 14

B RAGT2 4T —R AL R FTin A K454
RAST21E# 1 i PERE A HLLER B S (O BE PR 2600 . 20 P AT BURIFIIS 48 R I CPUTIAE SR LIS M DR 45 T it -

® fNE

« Trigonometric Function Unit = R¥&H.JT

TRUR TSRS A s MR B B s B, ML TS & R 720, TR 20% 28 4 13 S TR PA %
5 /NI ROM =S [H]

Bi-Quad Filter I8 2% (IR JBIE %)
X B U S T A B YA B s ) o T DR B B (AR B AR, 98 40%* 72 A A b BRI 1]
(* BT % P O EE RN B TR)

A
performance

240MHz

System, comm S/W

Keep motor performance
Reduce CPU load

Motor Application

Casel Case2
Enrich Additional System, comm S/W
Function
: i . Motor Application
Failure detection Rise up motor
| _ System calculation | ESiellahes 1 motor -> 2 moto
implement advanced
System, comm S/W motor algorithm

Motor Application

Existing Software

Software Casel

Keep motor performance and enrich
other application

Software Case?2

Enhance motor function

© 2021 Renesas Electronics Corporation. All rights reserved.
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TFU=ARBUaH BT

= This result is reference value measured by CC-RX V3.01 and this is no an exhaustive input value.

math.h vs TFU (sinf/cosf) math.h vs TFU (atan2f/hypotf)
0 The effectaccelerated by TFU 700 The effectaccelerated by TFU
140 sinf:x1.6 ~x3.5 600 atan2f : x8.7 ~ x13.9
120 cosf: x1.4 ~ x3.4 i hypotf:x10.2 ~ x11.1
100 sinf&cosf:x2.5 ~ x5.6 atan2f&cosf: x15.5 ~ x20.3
:; 80 .
60 — U ——
0 — - R e
20 . U
math.h math.h TFU math.h TFU math.h TFU
cosf sinf&cosf atan2f hypotf atan2f&hypotf
= Min Fluctuation H Min Fluctuation
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BI-QUAD FILTER XX\ —fjriigiF: 2 (IR FILTER)

IIR Bi-Quad signal flow
y(n) = ayx(n) + a;x(n-1) + a,x(n-2) + b,y(n-1) + b,y(n-2)....

B Features

o IEIE LA I B AT A X IOR B E B IR B s N AR
A LAY 161388 R385 I 32 2 i i i

o R T EAESEIE S B

SEI B A T 1) IR R KR In R - S
CPU:13 cycles -> Bi-Quad:5 cycles

(Number of cycles per stage. Compare execution cycles@200MHz)

CPU
Bus
Bi-Quad Filter
Channel 0 Channel 1 Channel 15

I

Coefficient and delayed data (32sets)
al | a2 | b0 | bl | b2 | DO D1'|-|_|

n

Arithmetic circuit

1

Stage 32

© 2021 Renesas Electronics Corporation. All rights reserved.
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RA-TH) = B4k
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RA-TEHHLIE | —

[R5 SN
JaxDIHe: HPWMER 28 (GPT) .
Arm Cort FPU —T Y
(Arm Cortex = FPU) ) i rpwi it =inx; ),
B) = #H B #MPWMEi H 1 [5) 25 4% ] ——|RF IR
R B C) %l 0%. 100% 5 %5 bRk I 5
B HCPUAL I D) PLH 48 B 1728 S A7 DI RE
Te o E) =ik PWMHi H
(TP F) A i S e : ®

I3 il DY,
ERIThEE . i : . Bt e
G) 12 ZADH #8s (24N HJ0) : lv
H) KFEIRBEDhRE .
) 7] g FE3E 55 UK 25
J) B L A%

SROBRE, SRR maerhas) GPTIL ¢ (POEG)
ST AR 4 9 AL K) PWMij 5 7 D g

..]H
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%lﬁ%ﬁiﬂﬁa GENERAL PWM TIMER (GPT)

HPWMER AR, (M 3L7F

WA (=B

B

B AR EAPWM [Positive LR edges V4 N A
R K Negative L-R edges‘7Z """ \V/ """ \v\
Positive
Negativi

2RE)

O EAXMHR=MPAER

Level inversion at each compare of
Positive/Negative phases

@ EAAMFR= AP

Positive R-edge

L-edge
L-edge -
R-edge /

Negative

Positive

I_I

I_I
Negativ

L-R asymmetric complementary PWM

Level inversion at each 2 compares of
Positive/Negative phases

OLEANIR= A PR

(HF FEIX )
Positive L-R edges""?Ax ----- J /\\
/ - ->V<- >0
Positive
Negativ

L-R asymmetric complementary PWM

Level inversion at Positive phase compare only.
Auto-level inversion for Negative phase
by L-R deadtime setting

@EANR=MAPHER

(Gigldrgi=ta)]
PositiveR-€dge : L
L-edge .- / N
L-R deadtime /4- -> 4- ng
Positive |_| |_|
Negativ

L-R asymmetric complementary PWM

Level inversion at Positive phase compare only.
Auto-level inversion for Negative phase
by L-R deadtime setting

@ BkPRR

m g (B ) D i

L

Positive L-edge

%ﬁ%@*I‘PWM Negative L-edge "~ | |
Positive | I I
Negative |

compare of Positive/Negative phases
at the end of period

Level inversion by synchronizing _each

QRPN
(EHLEHA)

Negative R-edge

... R-edge
Posmve g
ge

Negatlve L -edge

Positive

Negative I_
L-R asymmetric complementary PWM

O PALA
72 A5 Y A

( )

(HP 58 X 2244 )
R-edge
E-ed ge

L-R deadtime

Positiv

Positive

Negativi
L-R asymmetric complementary PWM

Level inversion at each 2 compares of
Positive/Negative phases

Level inversion at Positive phase compare only.
Auto-level inversion for Negative phase
by L-R deadtime setting

MR &R S, 18
HETREHPWMERR, &
T8 = A RV DR B A Bl
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SERT 22T % : GENERAL PWM TIMER (GPT)

L A AR XU M T BE

feginl), S8 B g2 P U SE I 4%

Auto-transfer at trough

- Up/ down buffer register -.

Up compare value of
the next cycle
(SW setting at the
crest)

Auto- transfer at crest

Down compare value
of the current
cycle(SW setting at the
trough

28 FHGPTXUE M I AE
X c ) ~ (8]

Auto-transfer at trough Auto-transfer at crest
upbuferregister ) |+ [ [
- Temporary register for down | ) B ||

- Down bufferregister B | i}

- Compare register

IS -
{527 1)L/ T R A A R T
WP RBORD —%. A
BARAEAFLIT EAR

Interrupt X{I‘%E*I\ PWM
Compare value Interrupt
: (Configuration
- Output PWM - Output PWM for trough 32bit
J. — —I transfer mode)
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SERT 22T fk: GENERAL PURPOSE PWM TIMER (GPT)

T PEERPWM Far i Th Ag

SAEHAR I HRPWMOVES, FTLMERGPTHRENSRIL20HRRE STkl (ZFHE .

AT AT SR BN BE B AR i T e

GTCNT value
yyyy B N CHIRLITEIE ™
0000h 1
BN, _— L ‘-.;_'
260psec
GTIOCOA%H ' SN ' < | L L T e T
(PWMSEBA R IIRERER) | ﬁ%ﬁg DN E G 5?3:[33 Output smooth Sin wave |
! I RAGTL1: 260psec ! R S
i RAGT2 186psec | |
GTIOCOA% H : : — s 7 3 s b S P Fe B U N T
(PWMIERAE RINEEERE) | éﬁﬂ%\%ﬁfﬁb?@[ﬂﬁm éﬁﬁ?/i\l%%ﬁ&%l\ﬁﬂmﬁmm
: 1 1 I 7] prS
523 LY 15 B A : i 3 B B 7R 151
(*1) SO VR SEIR 7 A HL B

Page 45
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SERT 22T % : GENERAL PWM TIMER (GPT)
MR R

SCRFSMAHAL VBRI, BEWE i 25 S AL P Jhk b R 2 L) 2 S A\

directio [ Count Count Count Count Count Count
: Count edge Count edige Count edge Count edige

o A ond B A fall A fall o o ey AiShigh/low B fal
ase  dnl B is high A rise B is high A rise ase )i
A>B rise/fall A>B B is hiah/I A fall
A both edges A both edges is high/low a
Add A v
(forward I A 1
) P . T v
A A 4 1 /N N B
B % ¥ B 1 8 — % ¥ A T¥ ¥
g . s — L
B _|
A fall B fall
Phase A and B . : . : Phase :
A <B rise/fall Bislow  Arise Ais high B rise A <B B rise/fall None None
A both edges B both edges
Subtract A | v I
(reverse —| A _’1
) B B
A _ +* N e N A — I 1
s _F v - A s £ ¥ None
A £ v A
B L -
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12BIT ADC SPECIFICATION

12bit ADC Resolution
Sampling rate(Max)
Conversion time

Number of channel, 100pin
Number of unit

64pin

48pin

3 S/H

12bit
6.25MSPS
0.16us

Up to 29 input channels

UnitO : 21ch w/ 3ch S/H

Unitl : 17ch w/ 3ch S/H

9 input channels are shared by
Unit0 and 1 (*2)

Up to 18 input channels
UnitO : 10 ch w/ 3ch S/H
Unitl : 8 ch w/ 3ch S/H

Up to 10 input channels
Unit0 : 6 ch w/ 3ch S/H
Unitl : 4 ch

2unit

12bit
2.5MSPS
0.4us(D

Up to 17 input channels

UnitO : 11ch w/ 3ch S/H

Unitl : 8ch w/ 3ch S/H

2 input channels are shared by
Unit0 and 1 (*2)

Up to 8 input channels

UnitO : 7 ch w/ 3ch S/H

Unitl : 3 ch w/ 3ch S/H

2 input channels are shared by
UnitO0 and 1 (*2)

N/A

2unit

Notel : this case is use AN0O03/AN005/AN006 and not use Channel-dedicated sample-and-hold function.
Note2 : Input channels of each ADC unit are shared to same port.

© 2021 Renesas Electronics Corporation. All rights reserved.
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] T E A I BRI AID USRS 75

Vi

v ERBETRFER BHLERNADERSR
= FEESFEBUHRE B> CPUS T

RAG6T1/RA6T2
H 3R AID #HEER x 2
Compare match B[ - -\~ IR Ao
Compare match A| ;4 [ ]
: Inverter

A/D conversion trigger B

- - r :
A/D conversion trigger A v Trigger A
conversion
3
_ result
» S/H P{ ADC .
Trigger B
T! conversion
result
.
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Dy 2= 70 ] G A2 3 7 FBOK 2%

v E[RFEM S (single mode: x2 to x13.3, Pseudo mode: x1.5 to x5.7)
v Slew Rate 10V/us (min)
v R PGA S BRI (-)* A Yk /b Xt i B 7

* Ref.GND port for gain setting.

PGA input (-) . «15 5
(pseudo) to ‘8‘
MW—x57 3

Micro signal I\/\I m
PGA input(+) /

Amplified
signal

S/H ’<ADC

4.0
Differential (Pseud) type w‘ . B SR B K3

A 3.0 g
ol PGA input(+) S 30
gl *° Use S
@ ; _ | 20
g ro PCA InpUt( ) é /\/
IS e £l
Ol Joo <
= PGA(-) —=Ymsss
gl 10 Ground noise
<

¥ PGA(-)=GND 4 Bk 7 PO R !
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ZETEe:
B LB B FIPWME H 2 Th e

B SRR E RO, THRCPUZ SRR S PWME Y, B OR3 B AL AN A5 H 5%

(GPT)

b
R ER 3
@ « £ £ Complementary | . .. 0] 2 e 4= 1k
< PWM timer

Stop detection
signal 2/

Clock T |—7;7

Forced cut off B eI l= - 1il0)a] % ca
] | 4

BRI R ERES !

% 1w Sk 2 Po5)
777 777 71 BB ENEEIEERE | GTETRGX terminal

L o [/
4 \ @ [4

Abnormal voIt.IDetection signal

>
)| CoOmparator

Analog input

m R 1 _—
A LOIE T
W

12bit ADC 12bit DAC

B
>
[
>
[
>

/)
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HR ¥ B 224N % 5 % SECURE CRYPTO ENGINE (SCE)

SCE 22—/ HETHEMZEEENRINTRE /s e s

- IR GIRENE, DUERA SR YT SCE L |
* BCPUSRIRBULATIRR VI, SBUESCERRYM | |
B, B A B -

SR RS B | _ |
« J37 SCE RAM | o |
o BICEHI RS REFLCPUTT LU 4.2k F | e |
AR | N W

= MCUfEff (HUK/UID) ZRE HIEH P, L s L s I
 RTLAR IS4 A7 | |
o P EENIHEE T R Pk S l 57 SCE RAM )
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Frif o™ FEL T FELALE Al AR DR 7 2R

- Fni= BT 5EE K AU R TT RN BT R R 5R KSR !

https://www.renesas.com/us/en/application/home-building/motor-control-solutions
7,\ ——
iz RA ==
I
R

& N

e rspn A HFRHAER

e2studio  — B

B2 R FF R R SEIDE —_—

! RENESAS

RRHE N |
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