








































































































RA6M5 Datasheet

2. Electrical Characteristics

Table 2.8 Coremark and normal mode current
Parameter Symbol Typ Unit Test conditions
Supply Current'? | Coremark lcc 107 HA/MHz ICLK = 200MHz
- PCLKA =
Normal mode All peripheral 104 PCLKB =
clocks disabled, PCLKC =
cache on, while PCLKD =
(1) code FCLK =
executing from BCLK =
flash™ 3.125MHz
All peripheral 87
clocks disabled,
cache off, while
(1) code
executing from
flash”2

Note 1. Supply current values are with all output pins unloaded and all input pull-up MOSs in the off state.

Note 2. Supply of the clock signal to peripherals is stopped in this state. This does not include the BGO operation.
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RA6M5 Datasheet 2. Electrical Characteristics

\verage value of the tested upper—limit samples during product evaluation.
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\verage value of the tested upper—limit samples during product evaluation.
7.04
8.36 100

13.35
17.67
2591

-40 -20 0 20 40 60 80 100
Ta (°C)

Average value of the tested middle samples during product evaluation.

----- Average value of the tested upper-limit samples during product evaluation.

Figure 2.5 Figuleanmratsrg slenspdepsybrHeapSaftasta Standhyomedee Rover not suppliedterRAM OBB resume

USB resume detecting unit, power-on reset circuit low power function enabled (reference data)

2.2.6 VCC Rise and Fall Gradient and Ripple Frequency

Table 2.9 Rise and fall gradient characteristics

Parameter Symbol Min Typ |Max |Unit Igf\tditions
VCC rising gradient | Voltage monitor O reset disabled at startup SrvCC 0.0084 |— 20 ms/\V —
Voltage monitor O reset enabled at startup 0.0084 |— — —
SCI/USB boot mode™! 0.0084 |— |20 —
VCC falling gradient? sfvcc 0.0084 |— |— |msiv |—

Note 1. At boot mode, the reset from voltage monitor O is disabled regardless of the value of the OFS1.LVDAS bit.
Note 2. This applies when VBATT is used.

Table 2.10 Rising and falling gradient and ripple frequency characteristics

The ripple voltage must meet the allowable ripple frequency frycc) within the range between the VCC upper limit (3.6 V) and lower limit (2.7
V). When the VCC change exceeds VCC +10%, the allowable voltage change rising and falling gradient dt/dVCC must be met.

Parameter Symbol Min Typ Max Unit Test conditions
Allowable ripple fr (veo) — — 10 kHz Figure 2.6
frequency Vr(vcc)£VCC x 0.2
— — 1 MHz Figure 2.6
Vi (vee) £ VCC x 0.08
— — 10 MHz Figure 2.6
Vr(vce) < VCC x 0.06
Allowable voltage dt/dvCC 1.0 — — ms/V When VCC change
change rising and exceeds VCC £10%

falling gradient
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<«— 1/ frveo)

VCC m Vrvce)

Figure 2.6 Ripple waveform
2.2.7 Thermal Characteristics

Maximum value of junction temperature (Tj) must not exceed the value of “section 2.2.1. Tj/Ta Definition”.
Tj is calculated by either of the following equations.
e Tj=Ta+ 0ja x Total power consumption
e Tj=Tt+ Wjt x Total power consumption
— Tj : Junction Temperature (°C)
— Ta : Ambient Temperature (°C)
— Tt : Top Center Case Temperature (°C)
— 0ja : Thermal Resistance of “Junction”-to-“Ambient” (°C/W)
— Wjt: Thermal Resistance of “Junction”-to-“Top Center Case” (°C/W)
e Total power consumption = Voltage x (Leakage current + Dynamic current)
e [eakage current of IO =X (Igr, X Vor) /Voltage + £ (|Igy| X |[VCC — Vogl) /Voltage
e Dynamic current of IO =X 10 (Cj, + Cjpaq) * 10 switching frequency x Voltage
— Cin: Input capacitance

— Cjoad: Output capacitance

Regarding 6ja and Yjt, refer to Table 2.11.

Table 2.11 Thermal Resistance

Parameter Package Symbol Value™ Unit | Test conditions
Thermal Resistance 100-pin LQFP (PLQP0100KB-B) Bja 35.0 °C/W |[JESD 51-2 and 51-7
- compliant
144-pin LQFP (PLQP0144KA-B) 33.0
176-pin LQFP (PLQP0176KB-C) 32.3
176-pin BGA (PLBG0176GF-A) 35.4 JESD 51-2 and 51-9
compliant
100-pin LQFP (PLQP0100KB-B) Wit 0.76 °C/W |JESD 51-2 and 51-7
- compliant
144-pin LQFP (PLQP0144KA-B) 0.63
176-pin LQFP (PLQP0176KB-C) 0.48
176-pin BGA (PLBG0176GF-A) 0.52 JESD 51-2 and 51-9
compliant

Note 1. The values are reference values when the 4-layer board is used. Thermal resistance depends on the number of layers or size of the
board. For details, refer to the JEDEC standards.

R01DS0366EJ0110 Rev.1.10 RENESAS Page 39 of 118
Mar 31, 2021



RA6M5 Datasheet

2. Electrical Characteristics

2271

Calculation guide of Iccmax

Table 2.12 shows the power consumption of each unit.

Table 2.12 Power consumption of each unit
Dynamic current/ MCU Frequency Current Current™!
Leakage current Domain Category Item [MHz] [uA/MHZ] [mA]
Leakage current Analog LDO and Leak™ Ta=75°C"3 — — 28.6
Ta=85°C™ — — 34.0
Ta=95°C™3 — — 411
Ta =105 °C™3 — — 50.5
Dynamic current CPU Operation with Coremark 200 90.786 18.16
Flash and SRAM
Peripheral Unit Timer GPT16 (6ch)™ 100 5.101 0.51
GPT32 (4ch)™ 100 3.990 0.40
POEG (4 Groups)™ | 50 1.364 0.07
AGT (6ch)™ 50 11.852 0.59
RTC 50 4.872 0.24
WDT 50 0.740 0.04
IWDT 50 0.282 0.01
Communication ETHERC 100 8.307 0.83
interfaces USBFS 50 9.631 0.48
USBHS 50 23.571 1.18
SCI (10ch)™ 100 12.631 1.26
IIC (2ch)™ 50 4.210 0.21
CAN/CANFD 50 23.346 1.17
(2ch)™
CEC 100 0.336 0.03
SPI (2ch)™ 100 7.503 0.75
OSPI 50 33.444 1.67
QSPI 100 2511 0.25
SSIE 50 3.480 0.17
SDHI 50 7.781 0.39
Analog ADC12 (2 Units)“ | 100 4,725 0.47
DAC12 (2ch)* 100 3.630 0.36
TSN 50 0.161 0.01
Human machine CTSU 50 0.761 0.04
interfaces
Event link ELC 50 1.002 0.05
Security SCE9 100 218.100 21.81
Data processing CRC 100 0.569 0.06
DOC 100 0.441 0.04
System CAC 50 0.990 0.05
DMA DMAC 200 4.519 0.90
DTC 200 4.427 0.89
R01DS0366EJ0110 Rev.1.10 RENESAS Page 40 of 118

Mar 31, 2021



RA6M5 Datasheet

2. Electrical Characteristics

Note 1. The values are guaranteed by design.

Note 2. LDO and Leak are internal voltage regulator’s current and MCU'’s leakage current.
It is selected according to the temperature of Ta.

Note 3. A(Tj-Ta) = 20 °C is considered to measure the current.

Note 4. To determine the current consumption per channel or unit, divide Current [mA] by the number of channels, groups or units.

Table 2.13 shows the outline of operation for each unit.

Table 2.13 Outline of operation for each unit (1 of 2)
Peripheral Outline of operation
GPT Operating modes is set to saw-wave PWM mode.
GPT is operating with PCLKD.
POEG Only clear module stop bit.
AGT AGT is operating with PCLKB.
RTC RTC is operating with LOCO.
WDT WDT is operating with PCLKB.
IWDT IWDT is operating with IWDTCLK.
ETHERC Operation modes is set to full-duplex mode.
ETHERC is operating using Reduced Media Independent Interface (RMII).
USBFS Transfer types is set to bulk transfer.
USBFS is operating using Full-speed transfer (12 Mbps).
USBHS Transfer types is set to bulk transfer.
USBHS is operating using High-speed transfer.
SCI SCl is transmitting data in clock synchronous mode.
Ic Communication format is set to 12C-bus format.
IIC is transmitting data in master mode.
CANFD CANFD is transmitting and receiving data in self-test mode 1.
SPI SPI mode is set to SPI operation (4-wire method).
SPI master/slave mode is set to master mode.
SPl is transmitting 8-bit width data.
OSPI Transfer mode is single continuous write mode.
OSPI is issuing memory write command to OctaRAM.
QSPI QSPIl is issuing Fast Read Quad I/O Instruction.
SSIE Communication mode is set to Master.
System word length is set to 32 bits.
Data word length is set to 20 bits.
SSIE is transmitting data using 12S format.
CEC CEC operation clock is set to CECCLK.
CEC is transmitting and receiving header block and data block.
SDHI Transfer bus mode is set to 4-bit wide bus mode.
SDHlI is issuing CMD24 (single-block write).
ADC12 Resolution is set to 12-bit accuracy.
Data registers is set to A/D-converted value addition mode.
ADC12 is converting the analog input in continuous scan mode.
DAC12 DAC12 is outputting the conversion result while updating the value of data register.
TSN TSN is operating.
CTSU CTSU is operating in self-capacitance single scan mode.
ELC Only clear module stop bit.
SCE9 SCES9 is executing built-in self test.
CRC CRC is generating CRC code using 32-bit CRC32-C polynomial.
DOC DOC is operating in data addition mode.
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2. Electrical Characteristics

Table 2.13 Outline of operation for each unit (2 of 2)

Peripheral Outline of operation

CAC Measurement target clocks is set to PCLKB.
Measurement reference clocks is set to PCLKB.
CAC is measuring the clock frequency accuracy.

DMAC Bit length of transfer data is set to 32 bits.
Transfer mode is set to block transfer mode.
DMAC is transferring data from SRAMO to SRAMO.

DTC Bit length of transfer data is set to 32 bits.
Transfer mode is set to block transfer mode.
DTC is transferring data from SRAMO to SRAMO.

2.2.7.2 Example of Tj calculation

Assumption :
e Package 176-pin LQFP : 6ja=32.3 °C/W
e Ta=100°C
® Jocmax =70 mA
e VCC=3.5V (VCC=AVCC0=AVCC_USBHS =VCC_USB = VCC_USBHS)
o log=1mA, Vog=VCC-0.5YV, 12 Outputs
o Io. =20 mA, Vor, = 1.0V, 8 Outputs
o I =1mA, VoL =0.5V, 12 Outputs
e C;, =8 pF, 32 pins, Input frequency = 10 MHz
® Cjyad = 30 pF, 32 pins, Output frequency = 10 MHz

Leakage currentof IO =2 (VoL % Ig.) / Voltage + Z ((VCC - Vop) X loR) / Voltage

=(20mAx1V)x8/35V+(1mAx05V)x12/35V+((VCC-(VCC-05V))x 1 mA) x12/35V

=45.7mA+ 1.71mA + 1.71 mA
=49.1 mA

Dynamic current of IO =X 10 (Cj, + Cipag) * 10 switching frequency x Voltage
= ((8 pF x 32) x 10 MHz + (30 pF x 32) x 10 MHz) x 3.5V
=42.6 mA

Total power consumption = Voltage x (Leakage current + Dynamic current)
=(7T0mA x35V)+(49.1 mA +42.6 mA)x 3.5V
=566 mW (0.566 W)

Tj = Ta+ Bja x Total power consumption
=100 °C + 32.3 °C/W x 0.566W
=118.7 °C

2.3 AC Characteristics
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2. Electrical Characteristics

2.3.1 Frequency

Table 2.14 Operation frequency value in high-speed mode

Parameter Symbol | Min Typ Max Unit
Operation frequency System clock (ICLK) f — — 200 MHz
Peripheral module clock (PCLKA) — — 100
Peripheral module clock (PCLKB) — — 50
Peripheral module clock (PCLKC) 2 — 50
Peripheral module clock (PCLKD) — — 100
Flash interface clock (FCLK) 1 — 50
External bus clock (BCLK) — — 100
EBCLK pin output — — 50
Note 1. FCLK must run at a frequency of at least 4 MHz when programming or erasing the flash memory.
Note 2. When the ADC12 is used, the PCLKC frequency must be at least 1 MHz.
Table 2.15 Operation frequency value in low-speed mode
Parameter Symbol | Min Typ Max Unit
Operation frequency System clock (ICLK) f — — 1 MHz
Peripheral module clock (PCLKA) — — 1
Peripheral module clock (PCLKB) — — 1
Peripheral module clock (PCLKC) *2 —2 — 1
Peripheral module clock (PCLKD) — — 1
Flash interface clock (FCLK)™ — —
External bus clock (BCLK) — — 1
EBCLK pin output — — 1
Note 1. Programming or erasing the flash memory is disabled in low-speed mode.
Note 2. When the ADC12 is used, the PCLKC frequency must be set to at least 1 MHz.
Table 2.16 Operation frequency value in Subosc-speed mode
Parameter Symbol | Min Typ Max Unit
Operation frequency System clock (ICLK) f 29.4 — 36.1 kHz
Peripheral module clock (PCLKA) — — 36.1
Peripheral module clock (PCLKB) — — 36.1
Peripheral module clock (PCLKC) *2 — — 36.1
Peripheral module clock (PCLKD) — — 36.1
Flash interface clock (FCLK)"1 29.4 — 36.1
External bus clock (BCLK) — — 36.1
EBCLK pin output — — 36.1

Note 1. Programming or erasing the flash memory is disabled in Subosc-speed mode.
Note 2. The ADC12 cannot be used.
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2.3.2 Clock Timing
Table 2.17 Clock timing except for sub-clock oscillator
Parameter Symbol Min Typ Max Unit | Test conditions
EBCLK pin output cycle time tBeyc 20 — — ns Figure 2.7
EBCLK pin output high pulse width tcH 3.3 — — ns
EBCLK pin output low pulse width toL 3.3 — — ns
EBCLK pin output rise time ter — — 5.0 ns
EBCLK pin output fall time tct — — 5.0 ns
EXTAL external clock input cycle time tEXeyc 4166 |— — ns | Figure 2.8
EXTAL external clock input high pulse width texH 15.83 — — ns
EXTAL external clock input low pulse width texL 15.83 — — ns
EXTAL external clock rise time texr — — 5.0 ns
EXTAL external clock fall time texs — — 5.0 ns
Main clock oscillator frequency fmaiNn 8 — 24 MHz | —
Main clock oscillation stabilization wait time (crystal)™ | tmainoscwT | — — —1 ms | Figure 2.9
LOCO clock oscillation frequency fLoco 29.4912 | 32.768 | 36.0448 | kHz | —
LOCO clock oscillation stabilization wait time tLocowT — — 60.4 pus | Figure 2.10
ILOCO clock oscillation frequency fiLoco 135 15 16.5 kHz | —
MOCO clock oscillation frequency Fmoco 6.8 8 9.2 MHz | —
MOCO clock oscillation stabilization wait time tMocowT — — 15.0 us | —
HOCO clock oscillator oscillation Without FLL | fhocoie 15.78 16 16.22 MHz | =20 < Ta £ 105°C
frequency
fuocois 17.75 |18 18.25
fHoco20 19.72 |20 20.28
fuocois 15.71 |16 16.29 —40 < Ta<-20°C
fuocois 17.68 |18 18.32
fHoco20 19.64 |20 20.36
With FLL fuocois 15.960 |16 16.040 —40 < Ta<105°C
Focoms 17955 |18 18.045 ilélggil)c:q:k frequency accuracy is
fuoco20 19.950 |20 20.050
HOCO clock oscillation stabilization wait time*2 tHocowt | — — 64.7 us | —
HOCO period jitter — — +85 — ps |—
FLL stabilization wait time trLLwT — — 1.8 ms |—
PLL clock frequency feLL 120 — 200 MHz | —
PLL2 clock frequency feLL2 120 — 240 MHz | —
PLL/PLL2 clock oscillation stabilization wait time tPLLwT — — 174.9 us | Figure 2.11
PLL/PLL2 period jitter — — +100 |— ps |—
PLL/PLL2 long term jitter — — +300 |— ps | Term: 1pus, 10us

Note 1. When setting up the main clock oscillator, ask the oscillator manufacturer for an oscillation evaluation, and use the results as the
recommended oscillation stabilization time. Set the MOSCWTCR register to a value equal to or greater than the recommended

value.

After changing the setting in the MOSCCR.MOSTP bit to start main clock operation, read the OSCSF.MOSCSF flag to confirm that
itis 1, and then start using the main clock oscillator.
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Note 2. This is the time from release from reset state until the HOCO oscillation frequency (fyoco) reaches the range for guaranteed

operation.

Table 2.18 Clock timing for the sub-clock oscillator

Parameter Symbol Min | Typ Max | Unit | Test conditions
Sub-clock frequency fsus — |32.768 —  |kHz |—
Sub-clock oscillation stabilization wait time tsuBoscwT — |— [ Figure 2.12

Note 1. When setting up the sub-clock oscillator, ask the oscillator manufacturer for an oscillation evaluation and use the results as the

recommended oscillation stabilization time.

After changing the setting in the SOSCCR.SOSTP bit to start sub-clock operation, only start using the sub-clock oscillator after the
sub-clock oscillation stabilization time elapses with an adequate margin. A value that is two times the value shown is recommended.

EBCLK pin output

tcL

ter

Figure 2.7 EBCLK output timing

EXTAL external clock input

txcyc

»le

txo

»

txr

txr

[ vccx05

Figure 2.8 EXTAL external clock input timing

MOSCCR.MOSTP X

Main clock oscillator output

£

”
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tmaINOsCWT

Main clock

»
< >

P

av)

Figure 2.9 Main clock oscillation start timing
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On-chip oscillator output

LOCO clock

LOCOCR.LCSTP 3

M\ A\S NSNS

tLocowt

Figure 2.10 LOCO clock oscillation start timing

PLLCR.PLLSTP
PLL2CR.PLL2STP

PLL/PLL2 circuit output

)\

tPLLWT
OSCSF.PLLSF
OSCSF.PLL2SF S, «
PLL/PLL2 clock
Figure 2.11 PLL/PLL2 clock oscillation start timing
SOSCCR.SOSTP \
% )
Sub-clock oscillator output mmm
tsusoscwt
< >
Sub-clock ]l_\_/_
2 55

Figure 2.12  Sub-clock oscillation start timing
2.3.3 Reset Timing
Table 2.19 Reset timing (1 of 2)
Parameter Symbol | Min | Typ | Max | Unit | Test conditions
RES pulse width Power-on trReswp |0.7 |[— |[— ms | Figure 2.13

Deep Software Standby mode tReswp |06 |[— |[— ms | Figure 2.14

Software Standby mode, Subosc-speed trResws (0.3 |— |— ms

mode

All other trResw 200 |— |— us
Wait time after RES cancellation treswt |— |37.3|41.2 |us |Figure 2.13
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Table 2.19 Reset timing (2 of 2)

Parameter Symbol | Min | Typ | Max | Unit | Test conditions

Wait time after internal reset cancellation tResw2 |— |324 |397.7|us |—
(IWDT reset, WDT reset, software reset, SRAM parity error reset, SRAM ECC error
reset, bus master MPU error reset, TrustZone error reset, Cache parity error reset)

I IQ
2 )
VCC 1 VCCmin

£

RES 7[

. tRESWP " d
Internal reset signal
(low is valid) (« I%

)y )y

tRESWT

Figure 2.13  RES pin input timing under the condition that VCC exceeds VpgRr voltage threshold

trRESwD, tRESWS, tRESW

_SS—
RES 7—
Internal reset signal
(low is valid) \
£C L£C
)y R2J
tRESWT
Figure 2.14  Reset input timing
234 Wakeup Timing
Table 2.20 Timing of recovery from low power modes (1 of 2)
Parameter Symbol |Min |Typ |Max | Unit | Test conditions
Recovery time from | Crystal resonator System clock source is tsgymc B |— |21 |24 |ms |Figure 2.15
Software Standby connected to main clock | main clock oscillator? The division ratio of all
mode*1 oscillator - oscillators is 1.
System clock source is tsgypc ¥ |— |22 |26 |ms
PLL with main clock
oscillator
External clock input to System clock source is | tggyex™3 |— |45 |125 |us
main clock oscillator main clock oscillator™
System clock source is | tggypg™3 |[— |170 |255 |us
PLL with main clock
oscillator™
System clock source is sub-clock oscillator*® *11 tsgysc B3 |— |0.7 |08 |ms
System clock source is LOCO™ 11 tsgylo 3 |— (0.7 |09 |ms
System clock source is HOCO clock oscillator™® tseyHo 3 |— |55 |130 |us
System clock source is PLL with HOCO™® tsgypy 3 |— |175 | 265 |ps
System clock source is MOCO clock oscillator*10 tseymo 3|— [35 |65 |us
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Table 2.20 Timing of recovery from low power modes (2 of 2)
Parameter Symbol |Min|Typ |[Max |Unit | Test conditions
Recovery time from | DPSBYCR.DEEPCUTJ[1] = 0 and tpsey — 10.38 |0.54 |ms |Figure 2.16
Deep Software DPSWCR.WTSTSI5:0] = Ox0E
Standby mode
DPSBYCR.DEEPCUT[1] = 1 and tpsey — 1055 |0.73 |ms
DPSWCR.WTSTS[5:0] = 0x19
Wait time after cancellation of Deep Software Standby mode tosgywt |56 |— 57 teye
Recovery time from | High-speed mode when system clock source is tsnz — |35"2|70"12| yus | Figure 2.17
Software Standby HOCO (20 MHz)
mode to Snooze - -
mode High-speed mode when system clock source is tsnz — |11™2 | 1412 | ps
MOCO (8 MHz)
Note 1. The recovery time is determined by the system clock source. When multiple oscillators are active, the recovery time can be
determined with the following equation:
Total recovery time = recovery time for an oscillator as the system clock source + the longest tSBYOSCWT in the active oscillators -
tSBYOSCWT for the system clock + 2 LOCO cycles (when LOCO is operating) + Subosc is oscillating and MSTPCO = 0 (CAC
module stop))
Note 2. When the frequency of the crystal is 24 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05) and the
greatest value of the internal clock division setting is 1.
Note 3. When the frequency of PLL is 200 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x05) and the greatest
value of the internal clock division setting is 4.
Note 4. When the frequency of the external clock is 24 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00) and
the greatest value of the internal clock division setting is 1.
Note 5. When the frequency of PLL is 200 MHz (Main Clock Oscillator Wait Control Register (MOSCWTCR) is set to 0x00) and the greatest
value of the internal clock division setting is 4.
Note 6. The Sub-clock oscillator frequency is 32.768 KHz and the greatest value of the internal clock division setting is 1.
Note 7. The LOCO frequency is 32.768 kHz and the greatest value of the internal clock division setting is 1.
Note 8. The HOCO frequency is 20 MHz and the greatest value of the internal clock division setting is 1.
Note 9. The PLL frequency is 200 MHz and the greatest value of the internal clock division setting is 4.

Note 10. The MOCO frequency is 8 MHz and the greatest value of the internal clock division setting is 1.

Note 11. In Subosc-speed mode, the sub-clock oscillator or LOCO continues oscillating in Software Standby mode.

Note 12. Wher_1 the SNZCR.RXDREQEN bit is set to 0, the following time is added as the power supply recovery time: 16 us (typical), 48 us

Note 13. Sl'mhgxrlg:uovg.ry time can be calculated with the equation of tSBYOSCWT + tSBYSEQ. And they can be determined with the following

value and equation. For n, the greatest value is selected from among the internal clock division settings.

Wakeup time | TYP MAX Unit
tSBYOSCWT tSBYSEQ tSBYOSCWT tSBYSEQ

tSBYMC (MSTS[7:0]*32 + 3) / 35+ 18/ fICLK + 4n / fMAIN | (MSTS[7:0]*32 + 14 / 62 + 18/ fICLK + 4n / fMAIN | ps
0.262 0.236

tSBYPC (MSTS[7:0]*32 + 34) / |35+ 18/ fICLK + 4n / fPLL (MSTS[7:0]*32 + 45) / |62 + 18/ fICLK + 4n / fPLL us
0.262 0.236

tSBYEX 10 35 + 18/ fICLK + 4n / fEXMAIN | 62 62 + 18/ fICLK + 4n / fEXMAIN | ps

tSBYPE 135 35+ 18 /fICLK + 4n/ fPLL 192 62 + 18/ fICLK + 4n / fPLL us

tSBYSC 0 35+ 18 /fICLK + 4n / fSUB 0 62 + 18/ fICLK + 4n / fSUB us

tSBYLO 0 35+ 18/fICLK + 4n/fLOCO |0 62 + 18/ fICLK + 4n / fLOCO us

tSBYHO 20 35+ 18/fICLK + 4n /fHOCO |67 62 + 18 /fICLK + 4n / fHOCO | ps

tSBYPH 140 35+ 18 /fICLK + 4n/ fPLL 202 62 + 18/ fICLK + 4n / fPLL us

tSBYMO 0 35+ 18 /fICLK + 4n/fMOCO |0 62 + 18/ fICLK + 4n / fMOCO | us
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Figure 2.15

Software Standby mode cancellation timing

RO1DS0366EJ0110 Rev.1.10
Mar 31, 2021

RENESAS

Page 49 of 118



RA6M5 Datasheet

2. Electrical Characteristics

Oscillator | |

IRQ

£

2

£

£

Uy

Deep Software Standby

2

£

reset
(low is valid)

2

£

2

[(d

”

Internal reset
(low is valid)

2

£

”

<

Deep Software Standby mode

tosey

<— {psBywT

T

Reset exception handling start

Figure 2.16  Deep Software Standby mode cancellation timing

Oscillator

ICLK (except DTC, SRAM)

ICLK (to DTC, SRAM)"? PCLK

IRQ

£

2

£

5 5 5

2

£

2

£«
”

Software Standby mode

A
Y

tsnz

Note 1. When SNZCR.SNZDTCEN bit is set to 1, ICLK is supplied to DTC and SRAM.

Snooze mode

Figure 2.17  Recovery timing from Software Standby mode to Snooze mode

2.3.5 NMI and IRQ Noise Filter

Table 2.21 NMI and IRQ noise filter

Parameter Symbol Min Typ Max Unit Test conditions
NMI pulse INMIW 200 — — ns NMI digital filter tpeyc X 2 <200 ns
width disabled
tpeyc x 21 — — tpeye X 2 > 200 Ns
200 — — NMI digital filter tnmick X 3 <200 ns
" enabled
tnmick X 3.5 2 — — tnmick X 3 > 200 ns
IRQ pulse tirQw 200 — — ns IRQ digital filter tpeyc X 2 <200 ns
width disabled
tpeye X 2" — - tpeye X 2> 200 ns
200 — — IRQ digital filter tirgck * 3 <200 ns
enabled
tirgck x 3.57 — — tirgck % 3 > 200 ns
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Note: 200 ns minimum in Software Standby mode.

Note:  If the clock source is switched, add 4 clock cycles of the switched source.

Note 1. tpeyc indicates the PCLKB cycle.

Note 2. tywmick indicates the cycle of the NMI digital filter sampling clock.
Note 3. tirqck indicates the cycle of the IRQi digital filter sampling clock.

NMI

tnmiw
Figure 2.18  NMl interrupt input timing
IRQ

tirQw

Figure 2.19  IRQ interrupt input timing

2.3.6 Bus Timing

Table 2.22 Bus timing

Condition:

Output load conditions: VOH = VCC x 0.5, VOL = VCC x 0.5, C = 30 pF.

EBCLK: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Others: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Max Unit Test conditions
Address delay tap — 12.5 ns Figure 2.22 to Figure
Byte control delay tscD — 12.5 ns 225

CS delay tcsp — 12.5 ns

ALE delay time tALED — 12.5 ns

RD delay trRsp — 125 ns

Read data setup time | trps 125 — ns

Read data hold time | trpn 0 — ns

WR/WRn delay twrD — 12.5 ns

Write data delay twpD — 12.5 ns

Write data hold time | twpn 0 — ns

WAIT setup time twTs 125 — ns Figure 2.26

WAIT hold time tWTH 0 — ns
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EBCLK
Byte strobe mode
A23 to AOO
1-write strobe mode
A23 to A01
BC1, BCO

Common to both byte strobe mode
and 1-write strobe mode

CS7to CSO

RD (read)

D15 to DOO (read)

CSRWAIT: 2
RDON:1
PR > CSROFF: 2
CSON: 0 <
Twi Tw2 Tend Tn1 Tn2
[\ / \ [\ / \ [\ ZZ
_/ / /
| tAD le—»| taD
<« tAD > tAD
«—>| tecp 4—1;300
EJNICSD HfSD
trRsD trRsD
|€—> ||
/
/
trDS > tRDOH

Figure 2.22

External bus timing for normal read cycle with bus clock synchronized
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CSWWAIT: 2
WRON: 1
WDON: 1*
CSWOFF: 2
CSON:0 WDOFF: 1*
Twa Tw2 Tend T Tn2
EBCLK ][_\_][ \ \ [ \ Z[_\_]
Byte strobe mode
le—>| taD l—»| taDp
A23 to A0O
1-write strobe mode
l«—»| taD l«—>»| tAD
A23 to AO1
«—>{ tscp «—>| tecp
BC1, BCO
Common to both byte strobe mode
and 1-write strobe mode
l«—>| tcsp tcsp
CS71to CSO
twrD twrD
<>
WR1, WRO, WR (write)
twop
< twoH
D15 to DOO (write) < ——

Note 1. Always specify WDON and WDOFF as at least one EBCLK cycle.

Figure 2.23

External bus timing for normal write cycle with bus clock synchronized
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CSRWAIT:2 CSPRWAIT:2 CSPRWAIT:2 CSPRWAIT:2
RDON:1 RDON:1 RDON:1 RDON:1 CSROFF:2
CSON:0
Twi Twz Tend Tpw1 Towz Tend Tpwt Towz Tend Tow1 Towz Tend T Tn2
esc O\ f 0\ Y
Byte strobe mode
tan tan tap tao
A23 to AOO
1-write strobe mode to tao to tap
A23 to AO1
_ taco
BC1, BCO
Common to both byte strobe mode
and 1-write strobe mode
[ tcsp
CS7to CSO
trsp trsp trsp trRsD trsp trsp trsD trsD
RD (Read) S ._‘\JF ._.\JF
trRoH tRD: tROH tros tROH tros [tRoH
D15 to DOO (Read)

Figure 2.24

External bus timing for page read cycle with bus clock synchronized

Cso

EBCLK

Byte strobe mode

A23 to AOO

1-write strobe mode

A23 to A01

BC1, BCO

Common to both byte strobe mode
and 1-write strobe mode

CS7to CSO

WR1, WRO, WR (write)

D15 to DOO (write)

CSWWAIT:2 CSPWWAIT:2 CSPWWAIT:2 CSWOFF:2
WRON:1
WRON:1 WRON:1
e . " 1%t
WDON:1* WDOFF:1*' | \ypoN:1#! WDOFF:1* WDON:1*' WDOFF:1*
0 Twi Twz Tend Tawr Tow1 Towz Tend Tawr Towr Towz Tend To1 Tn2
AR SR A S S R SN B S SR B U BN B U A
tan tho tao tan
tap tan tap tan
:1[5(:0 —FCD
qﬁtcsu —J{ESD
twrD twrD twrp twrD twrD E'mn
1 | |
twop twop twooy
b fwon | twon e '-‘leH

Note 1. Always specify WDON and WDOFF as at least one EBCLK cycle.

Figure 2.25

External bus timing for page write cycle with bus clock synchronized
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CSRWAIT:3
CSWWAIT:3
Twi Tw2 Twa (Tena) Tend Tna Tn2
/ ] /
A \ /N \ \ \
A23 to AOO X
CS7to CS0 _\ /
RD (read) \ /
WR (write) \ /
External wait
twrs|twtH twrs|twtH
! |
/ \
WAIT JK % 1 Y
Figure 2.26  External bus timing for external wait control
2.3.7 I/O Ports, POEG, GPT, AGT, and ADC12 Trigger Timing
Table 2.23 1/0 ports, POEG, GPT, AGT, and ADC12 trigger timing (1 of 2)

GPT32 Conditions:

High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

AGT Conditions:
Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Parameter Symbol Min Max | Unit Test conditions
I/O ports Input data pulse width tPrRW 15 — tpeye Figure 2.27
POEG POEG input trigger pulse width troEW 3 — tpeyc Figure 2.28
GPT Input capture pulse width Single edge teTicw 15 — tPDeyc Figure 2.29
Dual edge 2.5 —
GTIOCXY output skew Middle drive buffer | t51gc™ — 4 ns Figure 2.30
(x=0to3,Y=AorB) - .
High drive buffer — 4
GTIOCxY output skew Middle drive buffer — 4
(x=4t09,Y=AorB) - -
High drive buffer — 4
GTIOCXY output skew Middle drive buffer — 6
(x=0t09,Y=AorB) - .
High drive buffer — 6
OPS output skew tcTosK — 5 ns Figure 2.31
GTOUUP, GTOULO, GTOVUP,
GTOVLO, GTOWUP, GTOWLO
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Table 2.23 1/0 ports, POEG, GPT, AGT, and ADC12 trigger timing (2 of 2)

GPT32 Conditions:

High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

AGT Conditions:
Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Parameter Symbol Min Max | Unit Test conditions
AGT AGTIO, AGTEE input cycle tacyc 2 100 — ns Figure 2.32
AGTIO, AGTEE input high width, low width tackwH, tackwL 40 — ns
AGTIO, AGTO, AGTOA, AGTOB output cycle tacyc2 625 |— ns
ADC12 ADC12 trigger input pulse width tTRew 15 — tpeye Figure 2.33

Note:  tpcyc: PCLKB cycle, tppeyc: PCLKD cycle.

Note 1. This skew applies when the same driver I/O is used. If the 1/0 of the middle and high drivers is mixed, operation is not guaranteed.

Note 2. Constraints on input cycle:

When not switching the source clock: tpeye * 2 < tacyc should be satisfied.
When switching the source clock: tpeye X 6 < tacyc should be satisfied.

Port

A

€

tPrRW

Figure 2.27  1/O ports input timing

POEG input trigger

< >
Figure 2.28 POEG input trigger timing
Input capture
l« >
Figure 2.29  GPT input capture timing
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wo [\ S\ S S

Output delay
— e

GPT output

teTisk

Figure 2.30  GPT output delay skew

o [\ S L S LS

Output delay

GPT output

teTosk

Figure 2.31 GPT output delay skew for OPS

< tacve >
f—— tackwL [—— tackwH —>|
AGTIO, AGTEE Z X
(input) \ X
|
< tacyc2 >
AGTIO, AGTO,
AGTOA, AGTOB
(output) .
Figure 2.32  AGT input/output timing
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—

ADTRGO,
ADTRG1 7
) tTRew !
Figure 2.33  ADC12 trigger input timing
2.3.8 CAC Timing
Table 2.24 CAC timing
Parameter Symbol | Min Typ Max Unit Test conditions
CAC CACREF input pulse tpBcyc < teac t tcacrRer |45 X teac + 3 X tpgeye | — — ns —
width
tPBeyc > teac * 5 X feac + 6.5 X tpBeyc | — - ns
Note:  tpggyc: PCLKB cycle.
Note 1. tcac: CAC count clock source cycle.
239 SCI Timing
Table 2.25 SCl timing (1)
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.
Parameter Symbol | Min Max | Unit | Test conditions
SCI | Input clock cycle Asynchronous tseyc 4 — | tpeyc | Figure 2.34
Clock synchronous 6 —
Input clock pulse width tsckw |0.4 0.6 |tscyc
Input clock rise time tsckr — 5 ns
Input clock fall time tscks — 5 ns
Output clock cycle Asynchronous tseyc 6 (other than SCI1, — | tPeye
SCI2)
8 (SCI1, sCi2)
Clock synchronous 4 —
Output clock pulse width tsckw |[0.4 0.6 |tscyc
Qutput clock rise time tsckr — 5 ns
Output clock fall time tsckf — 5 ns
Transmit data delay Clock synchronous master mode (internal | trxp — 5 ns | Figure 2.35
clock)
Clock synchronous slave mode (external | trxp — 25 |ns
clock)
Receive data setup time | Clock synchronous master mode (internal |trxs 15 — |ns
clock)
Clock synchronous slave mode (external | trxs 5 — |ns
clock)
Receive data hold time | Clock synchronous tRXH 5 — |ns
Note:  tpcyc: PCLKA cycle.
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< > l—
4 \ f
SCKn ] \ ] \
\

Note: n=0to9

Figure 2.34  SCK clock input/output timing

sckn /—\_/—L

trxp

TN X X >[

trxs | tRxH

RXDn X X <

A
v
A
Y

Note: n=0to9

Figure 2.35  SCI input/output timing in clock synchronous mode
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Table 2.26

SCI timing (2)

Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Max Unit Test conditions
Simple SPI SCK clock cycle output (master) tspeyc 4 65536 tpeyc Figure 2.36
SCK clock cycle input (slave) 6 65536
SCK clock high pulse width tSPCKWH 0.4 0.6 tspeyc
SCK clock low pulse width tspckwL 04 0.6 tspeyc
SCK clock rise and fall time tspckr tspekf | — 5 ns
Data input setup time master tsu 15 — ns Figure 2.37 to Figure
2.40
slave 5 — ns
Data input hold time ty 5 — ns
SS input setup time tLEAD 1 — tspeyc
SS input hold time tLaG 1 — tspeyc
Data output delay master top — 5 ns
slave — 25 ns
Data output hold time toH -5 — ns
Data rise and fall time tor, tof — 5 ns
SS input rise and fall time tssir tssif — 5 ns
Slave access time tsa — 3 Xtpeyc +25 [ns Figure 2.40
Slave output release time tREL — 3 Xtpeye +25 | ns
Note:  tpcyc: PCLKA cycle.
tsPCKWH tspckr tspekf
—>
VoH Vo VoH
SCKn
master select VoL
output
tspckwL
» tSPcyc R
tSPCKWH tspckr tspekf
—>
ViH ViH ViH
SCKn
slave select input \
tspckwL
tSPcyc

Note:

Von= 0.7 x VCC, Vo.=0.3 x VCC, V= 0.7 x VCC, ViL=0.3 x VCC

n=0to9

Figure 2.36

SCI simple SPI mode clock timing
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SCKn Zz X \
CKPOL =0 7
output
SCKn SS /—\_‘ (—\—/
CKPOL=1 \
output N 9—/
tsu tH
MISOn /
input { MSBIN ) DATA} LSB IN { MSB IN
ter, tEf le— toH —y top
~ [~ LC
MOSIn X X v F
output 'ZT MSB OUT 4 DAT:?: | LSB OUT IDLE MSB OUT
)y

Note: n=0to9

Figure 2.37  SCI simple SPI mode timing for master when CKPH =1

\ —
CRPOL = 1 Y N /] /
output
SCKn
CKPOL =0 i Y \ f\_/ \
output \— s
tsu tH
o Cson 3o —om (o
toH top tor, tof
('\)"uct)psu't” MSB OUT :: DATA >< LSB OUT :ZL IDLE ><MSB ouT
Note: n=0to9
Figure 2.38  SCI simple SPI mode timing for master when CKPH =0
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; /N
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SSn \
input |

tLEAD tLac
SCKn o E
CKPOL=0 p
input _
SCKn —
CKPOL =1 N _/—\_‘ 7
input —/

trREL

too
«—> >
\ 55 I p s
MISOn MSB OUT DATA LSB OUT z MSB IN MSB OUT
output i e L A
)y > &

A
A,

A
}

Ly

—
N

tor, tof
{{
MOSIn MSB IN DATA LSB IN \ { MSBIN
input / \
Note: n=0to9
Figure 2.39  SCI simple SPI mode timing for slave when CKPH = 1
to
SSn \ B 7
input 3 ‘« -Z \
tLeaD ” tLac
SCKn 5& + /
CKPOL =1 o
input 7 N
SCKn N A
CKPOL=0 /] \ \
input \—7 N
tsa toH top trREL
e

45
MISOn LSB OUT I A e
output (Last data) MSB OUT >§r . DATA 7Zv LSB OUT MSB OUT

)

tsu tH tISr, of

MOSIn MSBIN [ DATA LSB IN MSB IN
input

Note: n=0to9

Figure 2.40  SCI simple SPI mode timing for slave when CKPH =0
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Table 2.27 SCI timing (3)
Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Max Unit | Test conditions
Simple IIC SDA input rise time tsr — 1000 ns Figure 2.41
(Standard mode)

SDA input fall time tsf — 300 ns

SDA input spike pulse removal time tsp 0 4 X tyceye ns

Data input setup time tspas 250 — ns

Data input hold time tspAH 0 — ns

SCL, SDA capacitive load Cpt — 400 pF
Simple IIC SDA input rise time tsr — 300 ns Figure 2.41
(Fast mode) - -

SDA input fall time tsf — 300 ns

SDA input spike pulse removal time tsp 0 4 X tiiceye ns

Data input setup time tspas 100 — ns

Data input hold time tspAH 0 — ns

SCL, SDA capacitive load Cpt — 400 pF

Note:  tyceyc: IIC internal reference clock (IICe) cycle.
Note 1. Cy indicates the total capacity of the bus line.

SDANn

—>| «—tsp

SCLn | V
|
|
T s | B pal
[ [
[« tspaH tspas
Test conditions:
ViH=VCC x 0.7, Vi =VCC x 0.3
VoL =0.6V, lo. = 6 mA
Note: n=0to9
Note 1. S, P, and Sr indicate the following conditions:
S: Start condition
P: Stop condition
Sr: Restart condition
Figure 2.41 SCI simple IIC mode timing
R01DS0366EJ0110 Rev.1.10 RENESANAS Page 64 of 118

Mar 31, 2021



RA6M5 Datasheet 2. Electrical Characteristics

2.3.10 SPI Timing

Table 2.28 SPI timing
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Max Unit | Test conditions
SPI RSPCK clock cycle Master tspeyc 2 4096 tpeyc | Figure 2.42
Slave 4 4096
RSPCK clock hlgh Master tspckwH (tspcyc —tspckr — tSPCKf) ! |— ns
pulse width 2-3
Slave 0.4 0.6 tspeyc
RSPCK clock low Master tspckwL (tSPcyc —tspckr — tspekf) | | — ns
pulse width 2-3
Slave 0.4 0.6 tspeyc
RSPCK clock rise and | Master tspckr tspekf | — 5 ns
fall time
Slave — 1 us
Data input setup time | Master tsu 4 — ns Figure 2.43 to Figure
2.48
Slave 5 —
Data input hold time Master tHE 0 — ns
(PCLKA
division ratio
set to 1/2)
Master tH tpeyc —
(PCLKA
division ratio
set to a value
other than
1/2)
Slave ty 20 —
SSL setup time Master tLEAD N X tgpeyc - 10" N X tgpeye + ns
100"
Slave 4 X tpeye — ns
SSL hold time Master tLaG N x tspeyc - 102 N X tspeyc + ns
1002
Slave 4 X tpeyc — ns
Data output delay Master tobp1 — 6.3 ns
top2 6.3
Slave top — 20
Data output hold time | Master toH 0 — ns
Slave 0 —
Successive Master tTo tspeyc + 2 X tpeyc 8 X tgpeyc +2 | NS
transmission delay X tpeyc
Slave 4 X tpeye
MOSI and MISO rise | Output tor, tof — 5 ns
and fall time
Input — 1 us
SSL rise and fall time | Output tssir tssif — 5 ns
Input — 1 us
Slave access time tsa — 25 ns Figure 2.47 and
- Figure 2.48
Slave output release time tREL — 25
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Note:  tpcyc: PCLKA cycle.

Note:  Must use pins that have a letter appended to their name, for instance _A, _B, to indicate group membership. For the SPI interface,
the AC portion of the electrical characteristics is measured for each group.

Note 1. N is set to an integer from 1 to 8 by the SPCKD register.

Note 2. N is set to an integer from 1 to 8 by the SSLND register.

tsPCKWH tspckr tspeki
—>
Vou VoH VoH
RSPCKn
master select VoL
output
tspckwL
P tSPcyc R
tsPckwH tspckr tspckf
—>
ViH ViH ViH
RSPCKn
slave select input Vic
tspckwL
tSPcyc

Von=0.7 x VCC, VoL=0.3 x VCC, VH=0.7 x VCC, ViL=0.3 x VCC

Note: n=AorB

Figure 2.42  SPI clock timing

SPI

to
SSLn0 to i’ <5 \ L‘ : '
SSLn3 >( X X
output N £ 1~ VN
tLeAD tLac >
A ” tsstr, tssif
S A NV /
output_ ——
RSPCKn ——xg /—\_‘ \
CPOL=1
output N— 5—/
tsu tH
MISOn S_\ V4 \ {
input — 1> DATA(,—/ { LSBIN ) { MSB IN
t'zh tlzf l—y toH —y top2
~ p £C
MOSIn ¥ 3 i r
output X wmsBout §< DATA >§ LSB OUT >< IDLE ><MSB ouTt
R
—N
tob1
Note: n=AorB
Figure 2.43  SPI timing for master when CPHA =0
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SPI tro
, « < >
SSLnO to >Z N kv
SSLn3 +x « 7Zr 7Zr
output tLEAD i tLac > le
< > < > tsstr, tssif
RSPCKn Z' 3 \ N r /
CPOL =0 7 ~
output
RSPCKn 5& Zl
CPOL=1 K 7 g /
output
tsu tHF tHF
«—> | d—)
MISO! _Z 1 i 3 (uss i
n — MSB IN §—< DATA >—< LSB IN MSB IN
input ~ 7 £ v N
tEfv tElf l— foH l—y fop2
MOSI s ! 55 r
?Stn _Z MSB OUT §< DATA >§_ LSB OUT >< IDLE ><MSB ouT
outpu N 7 £
—>
tob1
Note: n=AorB

Figure 2.44  SPI timing for master when CPHA = 0 and the bit rate is set to PCLKA/2

SPI tro
SSLn0 to £5 p : '_ r
SSLn3 X X
output (. A AL
tLEAD tLac N>
—s tssir, tssit
RSPCKn / 3 /
CPOL=0 7 \-< /
output
RSPCKn -\ ¥ \
cPOL=1 \ Y \
output N
tsu tH
MISOn
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Figure 2.45  SPI timing for master when CPHA =1
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Figure 2.46

RSPI timing for master when CPHA = 1 and the bit rate is set to PCLKA/2
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Figure 2.47

SPI timing for slave when CPHA =0
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tro
SSLnO \ ZL A
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CPOL=0 y
input /] \
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) l—

tsu tH tor, tof

i’\:‘?ustln MSBIN | DATA LSB IN MSB IN

Note: n=AorB

Figure 2.48  SPI timing for slave when CPHA =1
2311 QSPI Timing

Table 2.29 QSPI timing
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Max Unit Test conditions
QSPI QSPCK clock cycle toscyc 2 48 tpeyc Figure 2.49
QSPCK clock high pulse | toswH toscyc X 0.4 — ns
width
QSPCK clock low pulse | toswL toscyc *x 0.4 — ns
width
Data input setup time tsu 10 — ns Figure 2.50
Data input hold time tiH 0 — ns
QSSL setup time tLEAD (N + 0.5) X toseyc - 5*1 (N +0.5) X toseye + ns
100"
QSSL hold time tLac (N +0.5) x toscyc - 52 (N +0.5) x toscye + ns
1002
Data output delay top — 4 ns
Data output hold time ton -3.3 — ns
Successive transmission | ttp 1 16 toscyc
delay
Note:  tpcyc: PCLKA cycle.
Note 1. Nissetto Oor1in SFMSLD.
Note 2. NissettoOor1in SFMSHD.
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toswH toswL
QSPCLK output
I: tQScyc =I
Figure 2.49  QSPI clock timing
) to -
QssL 1r 3
output I(d 7Z' |
tLeAD " L tLac
QSPCLK \ / \
output
tsu tH
QI00-3
input MSB IN S—C)ATA
l— toH ¢ top
({4

QI00-3 3 ” r

output >< MSB OUT 7§< BATA >§_ LSB OUT >< IDLE
Figure 2.50  Transmit and receive timing
2.3.12 OSPI Timing
Table 2.30 OSPI timing (1 of 2)

(1) Conditions: High speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins:
OM_SCLK, OM_DQS, OM_SIOO0-7.
(2) Conditions: Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_CSO0,

OM_CSL1.

Parameter Symbol Min Max Unit Test conditions
OM_SCLK |SPI foceye — 50 MHz Figure 2.51
clock
frequency | SOPVDOPI | foceye — 100 MHz
OM_SCLK high pulse width | tocwh 0.475 0.525 toceye
OM_SCLK low pulse width | tocw 0.475 0.525 toceye
OM_SCLK rise time tocr — 1.8 ns
OM_SCLK fall time toct — 1.8 ns
OM_CSs SPI/SOPI tocLEAD 1.5x% tOCcyc -10.4 25x% tOCcyc +6.9 ns Figure 2.52, Figure
setup time (Minimum register settings) | (Maximum register settings) 2.53
DOPI tocLEAD 1.25 % tOCcyc -7.9 2.25 x tOCcyc +4.4 ns Figure 2.54
(Minimum register settings) | (Maximum register settings)
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Table 2.30

OSPI timing (2 of 2)

(1) Conditions: High speed high drive output is selected in the port drive capability bit in the PmnPFS register for the following pins:
OM_SCLK, OM_DQS, OM_SIOO0-7.
(2) Conditions: Middle drive output is selected in the port drive capability bit in the PmnPFS register for the following pins: OM_CSO0,

OM_CS1.
Parameter Symbol Min Max Unit Test conditions
OM_CS hold | SPI/SOPI tocLaG 1 x toceyec — 6.9 4.5 x toceye + 10.4 ns Figure 2.52, Figure
time (Minimum register settings) | (Maximum register settings) 2.53

DOPI read tocLaG 3.25 X toceye — 4.4 4.25 X toceye + 7.9 ns Figure 2.54

(Minimum register settings) | (Maximum register settings)
DOPI write tocLaG 0.75 x toceyc — 4.4 4.25 x toceye + 7.9 ns
(Minimum register settings) | (Maximum register settings)
Continuous transfer delay | toctp 1 xtoceye— 1 8.5 X toceye + 1 ns Figure 2.52, Figure
time (Minimum register settings) | (Maximum register settings) 2.53, Figure 2.54
Data input SPI SCLK tsu 10.5 — ns Figure 2.52
setup time base point
Data input ty 0.5 — ns
hold time
Data input SOPI/DOPI | tgy -1.3 — ns Figure 2.53, Figure
setup time DQS base 2.54
S e

Data input point ty 3.25 — ns
hold time
Skew of Clock to Data tckps — 20 ns
Strobe
Data output | SPI/SOPI top — 2.65 ns Figure 2.52, Figure
delay time 2.53
Data output toH -2.65 — ns
hold time
Data output | SOPI tBOFF 21 — ns Figure 2.53
buffer off
time
Data output | pop|*1 tob — 3.65 ns Figure 2.54, Figure
delay time 2.55
Data output toH 11 — ns
hold time
Data output | DOPI tBOFF 11 — ns Figure 2.54
buffer off
time
DQS refresh input setup tboss 20 — ns Figure 2.56
time
DQS refresh input hold toQsH 0.5 x tOCcyc — ns

time

Note:

toccyc indicates the OM_SCLK cycle.
Note 1. OM_SCLK frequency: 100 MHz

OM_SCLK output

toceyc

Figure 2.51

Clock Timing
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oM Cso i |
OM_CS1 tocLenn 4—>‘ tocLac
OM_SCLK W VA W YA W A (N L_/
too toH |4p
OM_SI00 ———— //}( ) ) —
| tsu |t
om_sio1 f Y C——

Figure 2.52  SPI Transfer Format Transmission and Reception Timing
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Figure 2.53  SOPI Transfer Format Transmission and Reception Timing
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Figure 2.54 DOPI Transfer Format Transmission and Reception Timing
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OM_Cs1
- 3 x toceye

<

omsak —— 1 T\

tpgss

i

A

OM_DQS

OM_SIO7 to
OM_SIO0

Figure 2.56

2.3.13

Table 2.31

[IC Timing

IIC timing (1) (1 of 2)

DQS Refresh input Timing (OctaRAM™ Read/Write)

(1) Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDAO_B,
SCLO_B, SDA1_B, SCL1_B, SDA2, SCL2.
(2) The following pins do not require setting: SCLO_A, SDAO_A, SCL1_A, SDA1_A.
(3) Use pins that have a letter appended to their names, for instance “_A” or “_B”", to indicate group membership. For the IIC interface, the

AC portion of the electrical characteristics is measured for each group.

Test
Parameter Symbol Min Max Unit | conditions
Ic SCL input cycle time tscL 6 (12) x tceyc + 1300 — ns Figure 2.57
(Standard mode, - - -
SMBus) SCL input high pulse width tscLH 3 (6) X tyceyc + 300 — ns
ICFER.FMPE =0 SCL input low pulse width tscLL 3 (6) X tyceyc + 300 — ns
SCL, SDA rise time tsr — 1000 ns
SCL, SDA fall time tst — 300 ns
SCL, SDA input spike pulse tsp 0 1(4) X ticeye | NS
removal time
SDA input bus free time when tgUF 3 (6) * tyceye + 300 — ns
wakeup function is disabled
SDA input bus free time when tguF 3(6) X tyceye + 4 X tpeye + | — ns
wakeup function is enabled 300
START condition input hold time tsTAH tiiceye + 300 — ns
when wakeup function is disabled
START condition input hold time tsTAH 1 (5) x ticeye + tpeyc + 300 | — ns
when wakeup function is enabled
Repeated START condition input | tstas 1000 — ns
setup time
STOP condition input setup time tstos 1000 — ns
Data input setup time tspas tiiceye + 50 — ns
Data input hold time tspaAH 0 — ns
SCL, SDA capacitive load Cp — 400 pF
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Table 2.31 lIC timing (1) (2 of 2)

(1) Conditions: Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins: SDAO_B,
SCLO_B, SDA1_B, SCL1_B, SDA2, SCL2.

(2) The following pins do not require setting: SCLO_A, SDAO_A, SCL1_A, SDA1_A.

(3) Use pins that have a letter appended to their names, for instance “_A” or “_B”", to indicate group membership. For the IIC interface, the
AC portion of the electrical characteristics is measured for each group.

Test

Parameter Symbol Min Max Unit | conditions
Inc SCL input cycle time tscL 6 (12) x tjceyc + 600 — ns Figure 2.57
(Fast mode)

SCL input high pulse width tscLH 3 (6) * tjceyc + 300 — ns

SCL input low pulse width tscLL 3 (6) x tyceyc + 300 — ns

SCL, SDA rise time tsr 20 x (external pullup 300 ns

voltage/5.5V)"1
SCL, SDA fall time tsf 20 x (external pullup 300 ns
voltage/5.5V)"1

SCL, SDA input spike pulse tsp 0 1(4) X ticeye | NS

removal time

SDA input bus free time when tBUF 3 (6) * tjceyc + 300 — ns

wakeup function is disabled

SDA input bus free time when tBuF 3(6) X tuceye + 4 X tpeyc + | — ns

wakeup function is enabled 300

START condition input hold time tsTAH tjiceye + 300 — ns

when wakeup function is disabled

START condition input hold time tsTAH 1 (5) x ticeye + tpeyc + 300 | — ns

when wakeup function is enabled

Repeated START condition input tsTas 300 — ns

setup time

STOP condition input setup time tstos 300 —

Data input setup time tspas tiiceye + 50 — ns

Data input hold time tspAH 0 — ns

SCL, SDA capacitive load Cp — 400 pF

Note:  tyceyc: IIC internal reference clock (IIC) cycle, tpeyc: PCLKB cycle.

Note:  Values in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE set to 1.

Note:  Must use pins that have a letter appended to their name, for instance “_A", “_B”, to indicate group membership. For the 1IC
interface, the AC portion of the electrical characteristics is measured for each group.

Note 1. Only supported for SCLO_A, SDAO_A, SCL1_A, and SDA1_A.
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Table 2.32

lIC timing (2)
Setting of the SCLO/1_A, SDA0/1_A pins is not required with the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol | Min Max Unit | Test conditions
Ic SCL input cycle time tscL 6 (12) x tyceye + — ns Figure 2.57
(Fast-mode+) 240
ICFER.FMPE = 1 - - -
SCL input high pulse width tscLH 3 (6) x tyceye + 120 | — ns
SCL input low pulse width tscLL 3 (6) X tyceye + 120 | — ns
SCL, SDA rise time tsr — 120 ns
SCL, SDA fall time tst 20 x (external 120 ns
pullup voltage/
5.5V)
SCL, SDA input spike pulse tsp 0 1 (4) x tliCcyc ns
removal time
SDA input bus free time when tBUF 3 (6) X tyceye + 120 | — ns
wakeup function is disabled
SDA input bus free time when tBUF 3(6) X tyceyc +4 % | — ns
wakeup function is enabled tpeyc + 120
Start condition input hold time tsTAH tiiceyc + 120 — ns
when wakeup function is disabled
START condition input hold time | tstan 1(5) X tuceye + — ns
when wakeup function is enabled tpeyc + 120
Restart condition input setup time | tstas 120 — ns
Stop condition input setup time tstos 120 — ns
Data input setup time tspas ticeye + 30 — ns
Data input hold time tSDAH 0 — ns
SCL, SDA capacitive load Cp! — 550 pF

Note:
Note:

Note 1. Cb indicates the total capacity of the bus line.

tiiceyc: 1IC internal reference clock (IICe) cycle, tpeyc: PCLKB cycle.
Values in parentheses apply when ICMR3.NF[1:0] is set to 11b while the digital filter is enabled with ICFER.NFE set to 1.
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ViH / AK ------
SDAN
B Vie 7* *Y ,A

teur

—>| [« tsTAs —> [«—tsp —>| [« tsTos

gt p+l
tspas

SCLn

[«— tspaH

Note 1. S, P, and Sr indicate the following conditions:
S: Start condition
P: Stop condition
Sr: Restart condition

Figure 2.57  |2C bus interface input/output timing
2.3.14 SSIE Timing

Table 2.33 SSIE timing

(1) High drive output is selected with the Port Drive Capability bit in the PmnPFS register.
(2) Use pins that have a letter appended to their names, for instance “_A”, “ B” or “_C” to indicate group membership. For the SSIE
interface, the AC portion of the electrical characteristics is measured for each group.

Target specification
Parameter Symbol Min. Max. Unit Comments
SSIBCKO Cycle Master to 80 — ns Figure 2.58
Slave t) 80 — ns
High level/ low | Master thclte 0.35 — to
level
Slave 0.35 — f)
Rising time/ Master trc/tre — 0.15 tolt
falling time
Slave — 0.15 to/t
SSILRCKO/ Input set up Master tsr 12 — ns Figure 2.60,
SSIFSO, time Figure 2.61
SSITXDO, Slave 12 — ns
SSIRXDO, Input hold time | Master tHR 8 — ns
SSIDATAO
Slave 15 — ns
Output delay Master toTR -10 5 ns
time -
Slave 0 20 ns Figure 2.60,
Figure 2.61
Output delay Slave toTRW — 20 ns Figure 2.62"1
time from
SSILRCKO/
SSIFSO0 change
GTIOC2A, Cycle tExcyc 20 — ns Figure 2.59
AUDIO_CLK -
High level/ low level texL/tExH 0.4 0.6 tEXcyc
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Note 1. For slave-mode transmission, SSIE has a path, through which the signal input from the SSILRCKO/SSIFSO pin is used to generate

transmit data, and the transmit data is logically output to the SSITXDO or SSIDATAO pin.

SSILRCKO/SSIFSO0 (output),
SSITXDO,
SSIDATAO (output)

tHe trc trc
—> —> —
_
SSIBCKO P e | x
Al Y
P to, Ui |
Figure 2.58  SSIE clock input/output timing
P tEXcyc |
tExH P texc
GTIOC2A, . -
AUDIO_CLK \ 1/2 VCC
(input) A -
texs texr
—p [— —
Figure 2.59  Clock input timing
SSIBCKO / \
(Input or Output) 4 |
SSILRCKO/SSIFSO (input),
SSIRXDO,
SSIDATAO (input)
tsr tHrR
\

PN

toTrR

h 4

Figure 2.60  SSIE data transmit and receive timing when SSICR.BCKP =0
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SSIBCKO
(Input or Output)

SSILRCKO/SSIFSO0 (input),
SSIRXDO,
SSIDATAO (input)

SSILRCKO/SSIFSO0 (output),
SSITXDO,
SSIDATAO (output)

totr

Figure 2.61  SSIE data transmit and receive timing when SSICR.BCKP =1

SSILRCKO/SSIFSO0 (input)

SSITXDO,
SSIDATAO (output)

MSB bit output delay after SSILRCKO/SSIFSO change for slave

A 4

toTRW

transmitter when DEL = 1, SDTA =0 or DEL = 1, SDTA = 1, SWL[2:0] = DWL[2:0] in SSICR.

Figure 2.62  SSIE data output delay after SSILRCKO0/SSIFS0 change

2.3.15 SD/MMC Host Interface Timing

Table 2.34 SD/MMC Host Interface signal timing
Conditions: High drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Clock duty ratio is 50%.

Parameter Symbol Min Max Unit Test conditions
SDCLK clock cycle Tspcyc 20 — ns Figure 2.63

SDCLK clock high pulse width TspwH 6.5 — ns

SDCLK clock low pulse width TspwL 6.5 — ns

SDCLK clock rise time TspLH — 3 ns

SDCLK clock fall time TspHL — 3 ns

SDCMD/SDDAT output data delay TspobpLy -7 4 ns

SDCMD/SDDAT input data setup Tspis 4.5 — ns

SDCMD/SDDAT input data hold TspiH 15 — ns
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Note:  Must use pins that have a letter appended to their name, for instance “_A”, “_B”, to indicate group membership. For the SD/MMC
Host interface, the AC portion of the electrical characteristics is measured for each group.

Tspcye
TsowL Tspwh
SDNCLK ﬁ 4/
(output) TsoLH
TsohLe TspobLy(max) TspobLy(min)
< —
SDnCMD/SDnDATm
(output)
TsDIS s TsbiH
SDnCMD/SDnDATm
(input)
n=0,1,m=0to7

Figure 2.63 SD/MMC Host Interface signal timing
2.3.16 ETHERC Timing

Table 2.35 ETHERC timing (1 of 2)

Conditions: ETHERC (RMII): Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins:
ETO_MDC, ETO_MDIO.

For other pins, high drive output is selected in the Port Drive Capability bit in the PmnPFS register.

ETHERC (MIl): Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Max Unit Test conditions
ETHERC REF50CKO cycle time Tek 20 — ns Figure 2.64 to
(RMII) Figure 2.67

REF50CKO frequency, typical 50 MHz — — 50 + 100 ppm MHz

REF50CKO duty — 35 65 %

REF50CKO rise/fall time T ckr/ckf 0.5 3.5 ns

RMII_xxxx"1 output delay Teo 25 12.0 ns

RMII_xxxx"2 setup time Tsu 3 — ns

RMII_xxxx"2 hold time Thd 1 — ns

RMII_xxxx'1, *2 rise/fall time T Tt 0.5 4 ns

ETO_WOL output delay twoLd 1 235 ns Figure 2.68
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Table 2.35 ETHERC timing (2 of 2)

Conditions: ETHERC (RMII): Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register for the following pins:
ETO_MDC, ETO_MDIO.

For other pins, high drive output is selected in the Port Drive Capability bit in the PmnPFS register.

ETHERC (MII): Middle drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Max Unit Test conditions
ETHERC (MIl) |ETO_TX_CLK cycle time treye 40 — ns —
ETO_TX_EN output delay tTENd 1 20 ns Figure 2.69
ETO_ETXDO to ET_ETXD3 output delay | tyrpd 1 20 ns
ETO_CRS setup time tcrss 10 — ns
ETO_CRS hold time tcrsh 10 — ns
ETO_COL setup time tcoLs 10 — ns Figure 2.70
ETO_COL hold time tcoLh 10 — ns
ETO_RX_CLK cycle time tTReyce 40 — ns —
ETO_RX_DV setup time tRDVs 10 — ns Figure 2.71
ETO_RX_DV hold time tRDVh 10 — ns
ETO_ERXDO to ET_ERXD3 setup time tMRDs 10 — ns
ETO_ERXDO to ET_ERXD3 hold time tMRDR 10 — ns
ETO_RX_ER setup time tRERs 10 — ns Figure 2.72
ETO_RX_ER hold time tRESh 10 — ns
ETO_WOL output delay twoLd 1 23.5 ns Figure 2.73

Note:  The following pins must use pins that have a letter appended to their name, for instance “_A", “_B”, to indicate group membership.
For the ETHERC (RMII) Host interface, the AC portion of the electrical characteristics is measured for each group. REF50CKO0_A,
REF50CKO0_B, RMIIO_xxxx_A, RMII0_xxxx_B.

Note 1. RMII_TXD_EN, RMII_TXD1, RMII_TXDO.

Note 2. RMII_CRS_DV, RMIl_RXD1, RMIl_RXDO, RMIl_RX_ER.

Tek

90%

REF50CKO  50%

10%

90%

RMII_xxxx*  50%
signal level

10%

Note 1. RMII_TXD_EN, RMII_TXD1, RMI|_TXD0, RMIl_CRS_DV, RMII_RXD1, RMI_RXDO, RMI|_RX_ER

Figure 2.64 REF50CKO0 and RMII signal timing
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Tek
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i /L
RMII_TXD_EN S SS \
Tco
—>
RMII_TXD1 it '( x
RMII:TXDO >< Prearrlmble SFD >< DATA \ CRC ><
1 1

Figure 2.65 RMIl transmission timing

REF50CKO Sﬁ SS
Tsu= < —» Thd
/L /L
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1 3| 1Thd
Tsu e N
/L /L
RMII_RXD1, >< v * ;
RMII_RXDO Preamble CX:X:X DATA “ >< CRC ><
17

RMILRX ER T R [ ———
’ )

Figure 2.66  RMII reception timing in normal operation
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Figure 2.67  RMII reception timing when an error occurs
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Figure 2.68  WOL output timing for RMIl
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ETO_TX_CLK SYL SS _| |_ |_| |_
trend
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tmTDd
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Figure 2.69 MIl transmission timing in normal operation
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Figure 2.70  MIl transmission timing when a conflict occurs
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Figure 2.71 MIl reception timing in normal operation
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Figure 2.72  MIl reception timing when an error occurs
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Table 2.36

WOL output timing for Mil

USB Characteristics

USBFS Timing

USBFS low-speed characteristics for host only (USB_DP and USB_DM pin characteristics)

Conditions: VCC = AVCCO = VCC_USB = VBATT = 3.0 to 3.6V, 2.7 < VREFHO/VREFH < AVCCO0, USBCLK = 48 MHz

Parameter Symbol Min Typ Max Unit Test conditions
Input Input high voltage Vin 2.0 — — \ —
characteristics
Input low voltage ViL — — 0.8 \ —
Differential input sensitivity Vp) 0.2 — — \% | USB_DP - USB_DM |
Differential common-mode range Vem 0.8 — 25 \% —
Output Output high voltage Vou 2.8 — 3.6 \ loy = =200 pA
characteristics
Output low voltage VoL 0.0 — 0.3 \ loL=2mA
Cross-over voltage VcRs 1.3 — 2.0 \% Figure 2.74
Rise time tLr 75 — 300 ns
Fall time tLF 75 — 300 ns
Rise/fall time ratio tr/tLE 80 — 125 % LR/ tLe
Pull-up and USB_DP and USB_DM pull-down Rpd 1425 |— 24.80 | kQ —
pull-down resistance in host controller mode
characteristics
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USB_DP,
USB_DM

Figure 2.74 USB_DP and USB_DM output timing in low-speed mode

Observation
USB_DP / point
C—WwWA J_
T 200 pF to 36V
270 % 600 pF :
1.5 KQ
USB_DM
AAY 4
J_ 200 pF to

% 600 pF

Figure 2.75  Test circuit in low-speed mode

Table 2.37 USBFS full-speed characteristics (USB_DP and USB_DM pin characteristics)
Conditions: VCC = AVCCO = VCC_USB = VBATT = 3.0 t0 3.6 V, 2.7 < VREFHO/VREFH < AVCCO, USBCLK = 48 MHz

Parameter Symbol Min Typ Max Unit Test conditions
Input Input high voltage Vin 2.0 — — \ —
characteristics

Input low voltage Vi — — 0.8 \ —

Differential input sensitivity Vpi 0.2 — — \ | USB_DP - USB_DM |

Differential common-mode range Vewm 0.8 — 2.5 \ —
Output Output high voltage VoH 2.8 — 3.6 \% lon = —200 pA
characteristics

Output low voltage VoL 0.0 — 0.3 \% loL=2mA

Cross-over voltage VcRs 1.3 — 2.0 \ Figure 2.76

Rise time tLr 4 — 20 ns

Fall time tLe 4 — 20 ns

Rise/fall time ratio tr/tLE 90 — 111.11 | % ter/ tep

Output resistance ZpRv 28 — 44 Q USBFS: Rs = 27 Q included
Pull-up and DM pull-up resistance in device controller | Rpy 0.900 |— 1575 [kQ During idle state
pull-down mode - .
characteristics 1.425 |— 3.090 |kQ Durlng transmission and

reception

USB_DP and USB_DM pull-down Rpd 1425 |— 24.80 | kQ —

resistance in host controller mode
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Figure 2.76 = USB_DP and USB_DM output timing in full-speed mode
Observation
USB_DP / point
T 50 pF
270 %
USB_DM l
% 50 pF
Figure 2.77  Test circuit in full-speed mode
Table 2.38 USBFS characteristics (USB_DP and USB_DM pin characteristics)

Conditions: VCC = AVCCO = VCC_USB = VBATT =3.0t0 3.6 V, 2.7 < VREFHO/VREFH < AVCCO, USBCLK = 48 MHz

Parameter Symbol Min Typ Max Unit Test conditions
Battery Charging | D+ sink current IpP_sink 25 — 175 HA —
Specification -
D- sink current Ibm_sINK 25 — 175 MA —
DCD source current Ipp_src 7 — 13 HA —
Data detection voltage VDAT_REF 0.25 — 0.4 Vv —
D+ source voltage Vbp_src 0.5 — 0.7 \% Outout current = 250 pA
D- source voltage VbM_SRc 0.5 — 0.7 \% Outout current = 250 pA
24.2 USBHS Timing
Table 2.39 USBHS low-speed characteristics for host only (USB_DP and USB_DM pin characteristics) (1 of 2)
Conditions: USBHS_RREF = 2.2 kQ + 1%, USBMCLK = 20/24 MHz
Parameter Symbol Min Typ Max Unit Test conditions
Input Input high voltage VIH 2.0 — — \ —
characteristics
Input low voltage ViL — — 0.8 \% —
Differential input sensitivity Vpi 0.2 — — \ | USB_DP - USB_DM |
Differential common-mode range Vem 0.8 — 2.5 \ —
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Table 2.39 USBHS low-speed characteristics for host only (USB_DP and USB_DM pin characteristics) (2 of 2)
Conditions: USBHS_RREF = 2.2 kQ * 1%, USBMCLK = 20/24 MHz

Parameter Symbol Min Typ Max Unit Test conditions
Output Output high voltage VoH 2.8 — 3.6 \% lon = —200 pA
characteristics
Output low voltage VoL 0.0 — 0.3 \ loL=2mA
Cross-over voltage VeRs 1.3 — 2.0 \ Figure 2.78
Rise time tLR 75 — 300 ns
Fall time tLE 75 — 300 ns
Rise/fall time ratio t R/ tLF 80 — 125 % R/ tLE
Pull-up and USB_DP and USB_DM pull-down Rpd 14.25 |— 24.80 | kQ —
pull-down resistance in host controller mode
characteristics

USB_DP,
USB_DM

Figure 2.78 USB_DP and USB_DM output timing in low-speed mode

Observation
int
USB_DP / poin
[ —"YW\
- 1
T 200 pF to 36V
270 % 600 pF .
1.5 KQ
USB_DM
NV 4
J_ 200 pF to

% 600 pF

Figure 2.79  Test circuit in low-speed mode

Table 2.40 USBHS full-speed characteristics (USB_DP and USB_DM pin characteristics) (1 of 2)
Conditions: USBHS_RREF = 2.2 kQ + 1%, USBMCLK = 20/24 MHz

Parameter Symbol Min Typ Max Unit Test conditions
Input Input high voltage Vin 2.0 — — \ —
characteristics
Input low voltage Vi — — 0.8 \% —
Differential input sensitivity Vp) 0.2 — — \ | USB_DP - USB_DM |
Differential common-mode range Vewm 0.8 — 2.5 \ —
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Table 2.40 USBHS full-speed characteristics (USB_DP and USB_DM pin characteristics) (2 of 2)
Conditions: USBHS_RREF = 2.2 kQ * 1%, USBMCLK = 20/24 MHz

Parameter Symbol Min Typ Max Unit Test conditions
Output Output high voltage VoH 2.8 — 3.6 \% lon = —200 pA
characteristics
Output low voltage VoL 0.0 — 0.3 \ loL=2mA
Cross-over voltage VcRrs 1.3 — 2.0 \% Figure 2.80
Rise time tLR 4 — 20 ns
Fall time tLE 4 — 20 ns
Rise/fall time ratio t R/ tLF 90 — 11111 | % ter! tFE
QOutput resistance ZDbRv 40.5 — 49.5 Q Rs Not used
(PHYSET.REPSEL[1:0] =
01b
and PHYSET. HSEB = 0)
Pull-up and DM pull-up resistance in device controller | Rpy 0.900 |— 1.575 [kQ During idle state
pull-down mode - .
characteristics 1.425 |— 3.090 | kQ Dunng transmission and
reception
USB_DP and USB_DM pull-down Rpd 14.25 |— 2480 | kQ —
resistance in host controller mode

USB_DP, Vers .. /.. ..  N\© 90% ... .90% N
USB_DM

Figure 2.80 USB_DP and USB_DM output timing in full-speed mode

Observation
oint
USB_DP / P

T 50 pF
270 %

USB_DM l

50 pF

"

Figure 2.81 Test circuit in full-speed mode

Table 2.41 USB High Speed Characteristics (USB_DP and USB_DM Pin Characteristics) (1 of 2)
Conditions: USBHS_RREF = 2.2 kQ + 1%, USBMCLK = 12/20/24 MHz

Item Symbol Min Typ Max Unit Test conditions
Input Squelch detect sensitivity VHSSQ 100 — 150 mV Figure 2.82
characteristics - . -
Disconnect detect sensitivity VHSDSC |525 — 625 mV Figure 2.83
Common mode voltage VHSCM -50 — 500 mV —
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Table 2.41 USB High Speed Characteristics (USB_DP and USB_DM Pin Characteristics) (2 of 2)
Conditions: USBHS_RREF = 2.2 kQ * 1%, USBMCLK = 12/20/24 MHz

Item Symbol Min Typ Max Unit Test conditions
Output Idle state VHSOI -10 — 10 mV —
characteristics -

Output high level voltage VHSOH 360 — 440 mV —

Output low level voltage VHSOL -10 — 10 mV —

Chirp J output voltage (difference) VCHIRPJ |700 — 1100 |[mV —

Chirp K output voltage (difference) VCHIRPK |-900 — -500 mV —
AC Rise time tHSR 500 — — ps —
characteristics - :

Fall time tHSF 500 — — ps Figure 2.84

Output resistance ZHSDRV [40.5 — 495 Q —

Figure 2.82 USB_DP and USB_DM squelch detect sensitivity (high-speed)

USB_DP, USB_DM >< I Vhsosc

Figure 2.83 USB_DP and USB_DM disconnect detect sensitivity (high-speed)

USB_DP, USB_DM

Figure 2.84 USB_DP and USB_DM output timing (high-speed)

Observation
USB_DP int
| / poin
L
45 Q
USB_DM
7%745 Q
Figure 2.85 Test circuit (high-speed)
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Table 2.42 USBHS high-speed characteristics (USB_DP and USB_DM pin characteristics)
Conditions: USBHS_RREF = 2.2 kQ * 1%, USBMCLK = 12/20/24 MHz

Parameter Symbol Min Typ Max Unit Test conditions
Battery Charging | D+ sink current IpP_sINK 25 — 175 pA —
Specification
D- sink current IpM_sINK 25 — 175 HA —
DCD source current IppP_src 7 — 13 HA —
Data detection voltage VDAT REF 0.25 — 0.4 \% —
D+ source voltage Vbp_src 0.5 — 0.7 \% Outout current = 250 pA
D- source voltage Vbm_sRc 0.5 — 0.7 \% Outout current = 250 pA
2.5 ADC12 Characteristics

Table 2.43 A/D conversion characteristics for unit 0
Conditions: PCLKC =1 to 50 MHz

Parameter Min Typ | Max | Unit | Test conditions
Frequency 1 — |50 [MHz|—
Analog input capacitance — — |30 |pF |—
Quantization error — +05(— |LSB |—
Resolution — — |12 |Bits |—
High-precision high-speed Conversion time*1 Permissible signal 0.52 (0.26)2 |— |— us Sampling in 13
channels (operation at PCLKC = | source impedance states
(ANOOO to AN0OO05) 50 MHz) Max. = 1 kQ
Max. =400 Q 0.40 (0,14)*2 — = us Sampling in 7 states
VCC = AVCCO0 = 3.0
to 3.6V
3.0V <VREFHO <
AVCCO
Offset error — +1.0|+2.5|LSB |—
Full-scale error — +1.0|+25|LSB |—
Absolute accuracy — +2.0|+45|LSB |—
DNL differential nonlinearity error — +0.5|+1.5(LSB |—
INL integral nonlinearity error — +1.0|+25|LSB |—
High-precision normal-speed Conversion time*1 Permissible signal 0.92 (0.66)2|— |— |us Sampling in 33
channels (Operation at PCLKC = | source impedance states
(ANOO6 to AN010, ANO12, 50 MHz) Max. = 1 kQ
ANO013)
Offset error — +1.0(+25|LSB |—
Full-scale error — +1.0|+25|LSB |—
Absolute accuracy — +2.0|+4.5|LSB |—
DNL differential nonlinearity error — +0.5|+1.5|LSB |—
INL integral nonlinearity error — +1.0|+25|LSB |—
Note:  These specification values apply when there is no access to the external bus during A/D conversion. If access occurs during A/D

Note:

Note 1.

conversion, values might not fall within the indicated ranges.
The use of pins ANOOO to AN010, AN012, AN013 as digital outputs is not allowed when the 12-Bit A/D converter is used.
The characteristics apply when AVCCO, AVSS0, VREFHO/VREFH, VREFLO, VREFL, and 12-bit A/D converter input voltage are
stable.
When both unitO and unitl are used, do not select the following analog input combinations at the same time except the interleave
function. If selected, values might not fall within the indicated ranges.

e AN100 and ANOOO or ANOO1 or ANOO2

e AN101 and ANOOO or AN0OO1 or ANOO2 or ANOO3

e AN102 and ANOOO or ANOO1 or ANOO2 or ANOO3 or AN0O4
The conversion time includes the sampling and comparison times. The number of sampling states is indicated for the test
conditions.
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Note 2. Values in parentheses indicate the sampling time.

Table 2.44 A/D conversion characteristics for unit 1
Conditions: PCLKC = 1 to 50 MHz

Parameter Min Typ | Max | Unit | Test conditions
Frequency 1 — |50 |MHz|—

Analog input capacitance — — |30 |pF |—

Quantization error — +05|— |[LSB |—

Resolution — — |12 |Bits |—

Conversion time*!
(Operation at PCLKC =
50 MHz)

High-precision high-speed
channels
(AN100 to AN102)

Permissible signal

0.52 (0.26)2

us | Sampling in 13

source impedance states
Max. = 1 kQ
Max. = 400 Q 0.40 (0.14)2|— |— |¥s Sampling in 7 states

VCC = AVCCO0 = 3.0

t03.6V
3.0 V<VREFH <
AVCCO

Offset error — +1.0(+25|LSB |—

Full-scale error — +1.0|+25|LSB |—

Absolute accuracy — +2.0|+45|LSB |—

DNL differential nonlinearity error — +0.5|+1.5|LSB |—

INL integral nonlinearity error — +1.0|+25|LSB |—

Normal-precision normal- Conversion time*™!

Permissible signal

0.92 (0.66)2

us | Sampling in 33

speed channels (Operation at PCLKC = | source impedance states
(AN116 to AN128) 50 MHz) Max. = 1 kQ

Offset error — +1.0(+55|LSB |—
Full-scale error — +1.0|+55|LSB |—
Absolute accuracy — +2.0|+7.5|LSB |—
DNL differential nonlinearity error — +0.5|+45|LSB |—
INL integral nonlinearity error — +1.0(+55|LSB |—

Note:  These specification values apply when there is no access to the external bus during A/D conversion. If access occurs during A/D

conversion, values might not fall within the indicated ranges.
The use of pins AN100 to AN102 as digital outputs is not allowed when the 12-Bit A/D converter is used.
The characteristics apply when AVCCO, AVSS0, VREFHO/VREFH, VREFLO, VREFL, and 12-bit A/D converter input voltage are

stable.
Note:
function. If selected, values might not fall within the indicated ranges.
e AN100 and ANOOO or ANOO1 or ANOO2
e AN101 and ANOOO or ANOO1 or ANOO2 or ANOO3
e AN102 and ANOOO or ANOO1 or ANOO2 or ANOO3 or AN0OO4
Note 1.

conditions.

Note 2. Values in parentheses indicate the sampling time.

When both unitO and unitl are used, do not select the following analog input combinations at the same time except the interleave

The conversion time includes the sampling and comparison times. The number of sampling states is indicated for the test

Table 2.45 AID conversion characteristics for interleaving (1 of 2)
Conditions: PCLKC = 1 to 50 MHz

Parameter Min | Typ | Max | Unit | Test conditions
Frequency 1 — |50 |[MHz|—

Analog input capacitance — |— |30 |pF |—

Quantization error — |x05|— |LSB |—

Resolution — |— |12 |Bits |—
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Table 2.45 A/D conversion characteristics for interleaving (2 of 2)

Conditions: PCLKC = 1 to 50 MHz

Parameter Min | Typ | Max | Unit | Test conditions
High-precision high-speed channels Conversion time*1 Max.=400Q (020 |— |— |us Sampling in 7states
(ANOOO & AN100, AN0O1 & AN101, AN0O2 (operation at PCLKC = 50 VCC = AVCC0=3.0to
& AN102)) MHz) 3.6V
3.0 V< VREFHO <
AVCCO
Offset error — |+1.0|+25|LSB |—
Full-scale error — |#1.0(+25|LSB |—
Absolute accuracy — |+2.0|+45]|LSB |—
DNL differential nonlinearity error — |+0.5|+3.5|LSB |—
INL integral nonlinearity error — |+1.0|+35|LSB |—

Note:  These specification values apply when there is no access to the external bus during A/D conversion. If access occurs during A/D
conversion, values might not fall within the indicated ranges.
The use of pins ANOOO to AN010, AN012, AN013, AN100 to AN102 as digital outputs is not allowed when the 12-Bit A/D converter

is used.

The characteristics apply when AVCCO, AVSS0, VREFHO/VREFH, VREFLO, VREFL, and 12-bit A/D converter input voltage are

stable.

Note 1. The conversion time includes the sampling and comparison times. The number of sampling states is indicated for the test

conditions.

Table 2.46 A/D internal reference voltage characteristics

Parameter Min Typ Max Unit Test conditions

A/D internal reference voltage 1.13 1.18 1.23 Y —

Sampling time 4.15 — — ps —
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Figure 2.86 lllustration of ADC12 characteristic terms

Absolute accuracy

Absolute accuracy is the difference between output code based on the theoretical A/D conversion characteristics, and the
actual A/D conversion result. When measuring absolute accuracy, the voltage at the midpoint of the width of the analog
input voltage (1-LSB width), which can meet the expectation of outputting an equal code based on the theoretical A/D
conversion characteristics, is used as an analog input voltage. For example, if 12-bit resolution is used and the reference
voltage VREFHO = 3.072 V, then the 1-LSB width becomes 0.75 mV, and 0 mV, 0.75 mV, and 1.5 mV are used as the
analog input voltages. If the analog input voltage is 6 mV, an absolute accuracy of £5 LSB means that the actual A/D
conversion result is in the range of 0x003 to 0x00D, though an output code of 0x008 can be expected from the theoretical
A/D conversion characteristics.

Integral nonlinearity error (INL)

Integral nonlinearity error is the maximum deviation between the ideal line when the measured offset and full-scale errors
are zeroed, and the actual output code.

Differential nonlinearity error (DNL)

Differential nonlinearity error is the difference between the 1-LSB width based on the ideal A/D conversion characteristics
and the width of the actual output code.

RO1DS0366EJ0110 Rev.1.10 RENESAS Page 92 of 118
Mar 31, 2021



RA6M5 Datasheet

2. Electrical Characteristics

Offset error

Offset error is the difference between the transition point of the ideal first output code and the actual first output code.

Full-scale error

Full-scale error is the difference between the transition point of the ideal last output code and the actual last output code.

2.6 DAC12 Characteristics
Table 2.47 D/A conversion characteristics
Parameter Min Typ Max Unit Test conditions
Resolution — — 12 Bits —
Without output amplifier
Absolute accuracy — — +24 LSB Resistive load 2 MQ
INL — +2.0 +8.0 LSB Resistive load 2 MQ
DNL — +1.0 +2.0 LSB —
Output impedance — 8.5 — kQ —
Conversion time — — 3 ps Resistive load 2 MQ, Capacitive load 20 pF
Output voltage range 0 — VREFH \% —
With output amplifier
INL — +2.0 +4.0 LSB —
DNL — +1.0 +2.0 LSB —
Conversion time — — 4.0 ps —
Resistive load 5 — — kQ —
Capacitive load — — 50 pF —
Output voltage range 0.2 — VREFH - 0.2 vV —
2.7 TSN Characteristics
Table 2.48 TSN characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Relative accuracy — — +1.0 — °C —
Temperature slope — — 4.0 — mV/°C —
Output voltage (at 25 °C) — — 1.24 — \% —
Temperature sensor start time | tstarT — — 30 us —
Sampling time — 4.15 — — us —
2.8 OSC Stop Detect Characteristics
Table 2.49 Oscillation stop detection circuit characteristics
Parameter Symbol Min Typ Max Unit Test conditions
Detection time tyr — — 1 ms Figure 2.87
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Main clock _\_/—\_/—\ﬁ*

OSTDSR.OSTDF +

MOCO clock
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tdr

ICLK ~’~’~’~ ’ \ ’

Figure 2.87  Oscillation stop detection timing

2.9 POR and LVD Characteristics

Table 2.50 Power-on reset circuit and voltage detection circuit characteristics (1)

Parameter Symbol [Min |Typ |Max iLt’n Test conditions
Voltage detection | Power-on reset DPSBYCR.DEEPCUT[1:0] = 00b or Vpor 25 2.6 2.7 V | Figure 2.88
level (POR) 01b.
DPSBYCR.DEEPCUT[1:0] = 11b. 1.8 225 |27
Voltage detection circuit (LVDO) Vdeto 1 |2.84 [2.94 |[3.04 Figure 2.89
Vdeto 2 |2.77 |2.87 |2.97
Vgeto 3 |2.70 |2.80 [2.90
Voltage detection circuit (LVD1) Vdet1 1 |2.89 [2.99 |3.09 Figure 2.90
Vdet1 2 |2.82 292 |3.02
Vietr 3 |2.75 |2.85 [2.95
Voltage detection circuit (LVD2) Vdetz 1 |2.89 [2.99 |3.09 Figure 2.91
Vdetz 2 |2.82 [2.92 |3.02
Vdetz2 3 |2.75 |2.85 [2.95
Internal reset time | Power-on reset time tPor — 4.5 — ms | Figure 2.88
LVDO reset time tLvpo — 051 |— Figure 2.89
LVD1 reset time tLvD1 — 0.38 |— Figure 2.90
LVD2 reset time tLvp2 — 038 |— Figure 2.91
Minimum VCC down time*! tvoEE 200 |— — us | Figure 2.88,
Figure 2.89
Response delay tget — — 200 |ps |Figure 2.89to
Figure 2.91
LVD operation stabilization time (after LVD is enabled) ta(E-A) — — 10 ps | Figure 2.90,
Hysteresis width (LVD1 and LVD2) Vioh |— |70 |— m Figure 2.91
\%

Note 1. The minimum VCC down time indicates the time when VCC is below the minimum value of voltage detection levels VpoR, Vdeto
Vget1, and Vgetz for POR and LVD.
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tvorr
VPor
VCC
Internal reset signal
(active-low)
«ple “r | 9‘4 >
gt tPOR tdet  tdet tPoR
Figure 2.88  Power-on reset timing
‘ tvorrF
VCC Vdeto ‘\/ x VLvH
Internal reset signal
(active-low)
gl << >
tdet tde tvpo
Figure 2.89  Voltage detection circuit timing (Vgeto)
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Figure 2.90 Voltage detection circuit timing (Vyet1)
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Figure 2.91 Voltage detection circuit timing (Vget2)
2.10 VBATT Characteristics

Table 2.51 Battery backup function characteristics
Conditions: VCC = AVCCO =VCC_USB =2.7t0 3.6 V, 2.7 < VREFHO/VREFH < AVCCO, VBATT = 1.65t0 3.6 V

Parameter Symbol Min Typ Max Unit Test conditions
Voltage level for switching to battery backup VDETBATT 2.50 2.60 2.70 \ Figure 2.92
Lower-limit VBATT voltage for power supply VBATTSW 2.70 — — \

switching caused by VCC voltage drop

VCC-off period for starting power supply tVOFFBATT 200 — — us

switching

VBATT low voltage detection level Vpattidet 1.8 1.9 2.0 \% Figure 2.93
Minimum VBATT down time tBATTOFF 200 — — us

Response delay tBATTdet — — 200 us

VBATT monitor operation stabilization time ta(E-A) — — 20 us

(after VBATTMNSELR.VBATTMNSEL is
changed to 1)

VBATT current increase (when I\VBATTSEL — 140 350 nA
VBATTMNSELR.VBATTMNSEL is 1 compared
to the case that VBATTMNSELR.VBATTMNSEL
is 0)

Note:  The VCC-off period for starting power supply switching indicates the period in which VCC is below the minimum value of the voltage
level for switching to battery backup (VpeTtgaTT)-
Note 1. Low CL crystal cannot be used below VBATT = 1.8V.
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tvoFFBATT

VDETBATT

VCC

VBATT Veartsw \

Backup poa‘:’V:ar VCC supply VearT supply VCC supply

Figure 2.92  Battery backup function characteristics

tBATTOFF
Vbattldet
VBATT
td(E-A)
VBATTMON
-« >
tBATTdet tBATTdet
VBATTMNSEL _
Figure 2.93  Battery backup function characteristics
2.11 CTSU Characteristics
Table 2.52 CTSU characteristics
Parameter Symbol | Min Typ Max Unit Test conditions
External capacitance connected to TSCAP pin | Ciscap 9 10 11 nF —
TS pin capacitive load Chase — — 50 pF —
Permissible output high current Z\oH — — -40 mA When the mutual capacitance
method is applied
2.12 Flash Memory Characteristics
2.12.1 Code Flash Memory Characteristics
Table 2.53 Code flash memory characteristics (1 of 2)
Conditions: Program or erase: FCLK = 4 to 50 MHz
Read: FCLK < 50 MHz
FCLK = 4 MHz 20 MHz < FCLK < 50 MHz
Test
Parameter Symbol | Min Typ™® | Max | Min Typ® [Max |Unit |conditions
Programming time 128-byte tp12g — 0.75 (132 |— 0.34 6.0 ms
Npgec < 100 times
8-KB tpak — 49 |176 |— 22 80 ms
32-KB tp3ok — 194 704 |— 88 320 ms
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Table 2.53

Conditions: Program or erase: FCLK = 4 to 50 MHz
Read: FCLK < 50 MHz

Code flash memory characteristics (2 of 2)

FCLK =4 MHz 20 MHz < FCLK < 50 MHz T
est

Parameter Symbol | Min Typ™® | Max | Min Typ® |[Max |Unit |conditions
Programming time 128-byte tp12g — 0.91 (158 |— 0.41 7.2 ms
Npgc > 100 times

8-KB tpak — 60 |[212 |— 27 96 ms

32-KB tp3ok — 234 848 |— 106 384 ms
Erasure time 8-KB tegk — 78 216 |— 43 120 ms
Npgc < 100 times

32-KB te32K — 283 864 |— 157 480 ms
Erasure time 8-KB tesk — 94 260 |— 52 144 ms
Npgc > 100 times

32-KB tE3oKk — 341 |1040|— 189 576 |ms
Reprogramming/erasure cycle™ Npec |10000%|— |— |10000" |— — Times
Suspend delay during programming tspp — — 264 |— — 120 |ps
Programming resume time tprT — — 110 |— — 50 us
First suspend delay during erasure in suspend tsespr | — — 216 |— — 120 us
priority mode
Second suspend delay during erasure in suspend tsesp2 | — — 1.7 |— — 1.7 ms
priority mode
Suspend delay during erasure in erasure priority tseep — — 17 |— — 17 ms
mode
First erasing resume time during erasure in suspend |trest1 |— — 1.7 |— — 17 ms
priority mode”™®
Second erasing resume time during erasure in tResT2 | — — 144 | — — 80 us
suspend priority mode
Erasing resume time during erasure in erasure tREET — — 144 | — — 80 us
priority mode
Forced stop command trD — — 32 |— — 20 us
Data hold time*2 torp 1027 |— |— |10?% |— — Years

302"3 |— — 3023 — — Ta = +85°C

Note 1.

the minimum value.
Note 2.
Note 3.
Note 4.

This is the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1 to

This indicates the minimum value of the characteristic when reprogramming is performed within the specified range.
This result is obtained from reliability testing.
The reprogram/erase cycle is the number of erasures for each block. When the reprogram/erase cycle is n times (n = 10,000),

erasing can be performed n times for each block. For example, when 128-byte programming is performed 64 times for different
addresses in 8-KB blocks, and then the entire block is erased, the reprogram/erase cycle is counted as one. However, programming

the same address several times as one erasure is not enabled. Overwriting is prohibited.
Time for resumption includes time for reapplying the erasing pulse (up to one full pulse) that was cut off at the time of suspension.
The reference value at VCC = 3.3V and room temperature.

Note 5.
Note 6.
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« Suspension during programming

FACI command X Program >< >< Suspend

>< Resume

FSTATR.FRDY Not Ready
Programming puse

« Suspension during erasure in suspend priority mode

FACI command X Erase >< >< Suspend

X

Resume

><

Suspend

>< Resume

tsesp1

FSTATR.FRDY Not Ready

Erasure pulse

tsesp2z

Not Ready
tresTL

» Suspension during erasure in erasure priority mode

FACI command X Erase >< XSuspend

>< Resume >

tseen

[ Ready ]

[ Not Ready ]

FSTATR.FRDY Not Ready
« Forced Stop
FACI command X Forced Stop
tro
FSTATR.FRDY Not Ready

tReET
i (-

Not Ready

tresT2

Figure 2.94  Suspension and forced stop timing for flash memory programming and erasure

2.12.2 Data Flash Memory Characteristics

Table 2.54 Data flash memory characteristics (1 of 2)

Conditions: Program or erase: FCLK = 4 to 50 MHz
Read: FCLK <50 MHz

FCLK =4 MHz 20 MHz < FCLK < 50 MHz Test

Parameter Symbol | Min Typ® | Max | Min Typ® |Max |Unit | conditions
Programming time 4-byte tpps — 0.36 |38 |— 0.16 1.7 ms

8-byte tops — 0.38 |40 |— 0.17 |[1.8

16-byte topie — 042 |45 |— 0.19 (2.0
Erasure time 64-byte tDE64 — 3.1 18 |— 1.7 10 ms

128-byte toels | — 47 |27 |— 2.6 15

256-byte tpE2ss | — 89 |50 |— 4.9 28
Blank check time 4-byte tpeca — — 84 |— — 30 us
Reprogramming/erasure cycle™l Nppec |125000%2|— |— |12500072 |— — —
Suspend delay during 4-byte tbspp — — 264 | — — 120 |ps
programming 8-byte — — 264 | — — 120

16-byte — —  |264 |— — 120
Programming resume time tDPRT — — 110 |— — 50 us
First suspend delay during 64-byte tpsesp1 | — — 216 | — — 120 |us
erasure in suspend priority mode 128-byte — — 216 | — — 120

256-byte — — 216 | — — 120
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Table 2.54 Data flash memory characteristics (2 of 2)

Conditions: Program or erase: FCLK = 4 to 50 MHz
Read: FCLK < 50 MHz

FCLK =4 MHz 20 MHz < FCLK < 50 MHz T
est

Parameter Symbol | Min Typ™® | Max | Min Typ® |Max | Unit | conditions
Second suspend delay during 64-byte tpsespz2 | — — 300 | — — 300 |ps
erasure in suspend priority mode

128-byte — — 390 |— — 390

256-byte — — 570 | — — 570
Suspend delay during erasing in | 64-byte toseep | — — 300 |— — 300 |ps
erasure priority mode

128-byte — — 390 |— — 390

256-byte — — 570 | — — 570
First erasing resume time during erasure in suspend |tprest1 | — — 300 | — — 300 |us
priority mode™
Second erasing resume time during erasure in tpresT?2 | — — 126 | — — 70 us
suspend priority modeFirst erasing resume time
during erasure in suspend priority mode
Erasing resume time during erasure in erasure torReeT | — — 126 | — — 70 us
priority mode
Forced stop command trD — — 32 |[— — 20 us
Data hold time”3 torp 108" | — — |10 — — Year

30*3 *4 — — |30%* — — Ta = +85°C

Note 1. The reprogram/erase cycle is the number of erasures for each block. When the reprogram/erase cycle is n times (n = 125,000),
erasing can be performed n times for each block. For example, when 4-byte programming is performed 16 times for different
addresses in 64-byte blocks, and then the entire block is erased, the reprogram/erase cycle is counted as one. However,
programming the same address several times as one erasure is not enabled. Overwriting is prohibited.

Note 2. This is the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1 to
the minimum value.

Note 3. This indicates the minimum value of the characteristic when reprogramming is performed within the specified range.

Note 4. This result is obtained from reliability testing.

Note 5. Time for resumption includes time for reapplying the erasing pulse (up to one full pulse) that was cut off at the time of suspension.

Note 6. The reference value at VCC = 3.3 V and room temperature.

2.12.3 Option Setting Memory Characteristics

Table 2.55 Option setting memory characteristics

Conditions: Program: FCLK = 4 to 50 MHz
Read: FCLK < 50 MHz

FCLK =4 MHz 20 MHz = FCLK = 50 MHz
Parameter Symbol | Min Typ4 |Max Min Typ4 |Max Unit Test conditions
Programming time top — 83 309 — 45 162 ms
Nopc < 100 times
Programming time top — 100 371 — 55 195 ms
Nopc > 100 times
Reprogramming cycle Nopc 20000 |— — 20000 |— — Times
Data hold time™2 torp 1027 | — — 1027 | — — Years
30273 | — — 3023 |— — Ta = +85°C

Note 1. This is the minimum number of times to guarantee all the characteristics after reprogramming. The guaranteed range is from 1 to
the minimum value.

Note 2. This indicates the minimum value of the characteristic when reprogramming is performed within the specified range.

Note 3. This result is obtained from reliability testing.

Note 4. The reference value at VCC = 3.3 V and room temperature.
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2.13 Boundary Scan

Table 2.56 Boundary scan characteristics

Parameter Symbol Min Typ Max Unit Test conditions
TCK clock cycle time trekeye 100 — — ns Figure 2.95
TCK clock high pulse width tTCKH 45 — — ns

TCK clock low pulse width trekL 45 — — ns

TCK clock rise time trexr — — 5 ns

TCK clock fall time treks — — 5 ns

TMS setup time trmss 20 — — ns Figure 2.96
TMS hold time tTMSH 20 — — ns

TDI setup time trois 20 — — ns

TDI hold time tTDIH 20 — — ns

TDO data delay tTDoD — — 40 ns

Boundary scan circuit startup time™> | TessTup tRESWP — — — Figure 2.97

Note 1. Boundary scan does not function until the power-on reset becomes negative.

TCK /

tTCKcyc

A 4

Figure 2.95 Boundary scan TCK timing

TCK J—\

\—

trvss
[

trmsH

T™MS

trois

trom

TDI

i
:

TDO

troop

Figure 2.96 Boundary scan input/output timing
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VCC 1

RES
) tssTup - Boundary scan -
= tRESWP) execute
Figure 2.97 Boundary scan circuit startup timing
2.14 Joint European Test Action Group (JTAG)
Table 2.57 JTAG
Parameter Symbol Min Typ Max Unit Test conditions
TCK clock cycle time trcKeye 40 — — ns Figure 2.98
TCK clock high pulse width trekH 15 — — ns
TCK clock low pulse width trekL 15 — — ns
TCK clock rise time trekr — — 5 ns
TCK clock fall time treks — — 5 ns
TMS setup time trmss 8 — — ns Figure 2.99
TMS hold time tT™MSH 8 — — ns
TDI setup time trois 8 — — ns
TDI hold time tTDIH 8 — — ns
TDO data delay time trpobp — — 20 ns
tTCKcyc
trekH
TCK treki
< trekr
treku
Figure 2.98 JTAG TCK timing
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TCK I\

N

trvss

™S
trois troiH
TDI % %
troop
TDO

3

Figure 2.99  JTAG input/output timing

2.15 Serial Wire Debug (SWD)

Table 2.58 SWD

Parameter Symbol Min Typ Max Unit Test conditions

SWCLK clock cycle time tswekeye 40 — — ns Figure 2.100

SWCLK clock high pulse width tswCkH 15 — — ns

SWCLK clock low pulse width tswekL 15 — — ns

SWCLK clock rise time tswekr — — 5 ns

SWCLK clock fall time tswckf — — 5 ns

SWDIO setup time tswps 8 — — ns Figure 2.101

SWDIO hold time tswpH 8 — — ns

SWDIO data delay time tswob 2 — 28 ns

R0O1DS0366EJ0110 Rev.1.10 RENESAS Page 104 of 118

Mar 31, 2021



RA6M5 Datasheet

2. Electrical Characteristics

tswekeyce

tswekH

SWCLK ;

tswekL

Figure 2.100 SWD SWCLK timing

tswos tswoH

SWDIO
(Input)

tswop

SWDIO
(Output)

tswob

SWDIO
(Output)

tswop

SWDIO

(Output)

Figure 2.101 SWD input/output timing

2.16 Embedded Trace Macro Interface (ETM)
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Table 2.59 ETM
Conditions: High speed high drive output is selected in the Port Drive Capability bit in the PmnPFS register.

Parameter Symbol Min Typ Max Unit Test conditions
TCLK clock cycle time trcLKeye 20 — — ns Figure 2.102
TCLK clock high pulse width tTCLKH 9 — — ns
TCLK clock low pulse width treLkL 9 — — ns
TCLK clock rise time treLkr — — 1 ns
TCLK clock fall time troLks — — 1 ns
TDATA[3:0] output setup time tTRDS 2.5 — — ns Figure 2.103
TDATA[3:0] output hold time tTRDH 15 — — ns

. trcLkeye R

< >

trcLkH

TCLK / treLks

trekL

€— trcLkr

Figure 2.102 ETM TCLK timing

TCLK / \

tTrRDS tTRDH tTRDS tTRDH

TDATA[3:0]

Figure 2.103 ETM output timing
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Appendix 1. Port States in Each Processing Mode
After Deep Software Standby
mode is canceled (return to
startup mode)
Deep Software
Function | Pin function Reset Software Standby mode Standby mode IOKEEP =0 |IOKEEP =1"1
Mode MD Pull-up Keep-O Keep Hi-Z Keep
JTAG TCK/TMS/TDI Pull-up Keep-O Keep Hi-Z Keep
TDO output Keep-O Keep TDO output | Keep
IRQ IRQx Hi-Z Keep-0™2 Keep Hi-Z Keep
IRQx-DS Hi-Z Keep-O2 Keep™ Hi-Z Keep
AGT AGTIONn Hi-Z Keep-O"2 Keep Hi-Z Keep
AGTION (n=1,3) Hi-z Keep-O"2 Keep*3 Hi-Z Keep
SClI RXDO Hi-Z Keep-0"2 Keep Hi-Z Keep
1IC SCLn/SDAN Hi-Z Keep-O"2 Keep Hi-Z Keep
USBFS USB_OVRCURXx Hi-Z Keep—O*z Keep Hi-Z Keep
USB_OVRCURXx-DS/ Hi-Z Keep-0™2 Keep*3 Hi-Z Keep
USB_VBUS
USB_DP/USB_DM Hi-Z Keep-O™ Keep™3 Hi-Z Keep
USBHS USBHS_OVRCURX/ Hi-Z Keep-0*2 Keep™ Hi-Z Keep
USBHS_VBUS
USBHS_DP/ Hi-Z Keep—0*4 Keep*S Hi-Z Keep
USBHS_DM
RTC RTCICx Hi-Z Keep-0™2 Keep™ Hi-Z Keep
RTCOUT Hi-Z [RTCOUT selected] RTCOUT output Keep Hi-Z Keep
CLKOUT CLKOUT Hi-Z [CLKOUT selected] CLKOUT output Keep Hi-Z Keep
DAC DAn Hi-Z [DAN output (DAOE = 1)] D/A output retained Keep Hi-Z Keep
External EBCLK Hi-Z [EBCLK output] H Keep Hi-Z Keep
?g; area) Dx Hi-Z [Dx output] Hi-Z Keep Hi-Z Keep
Ax Hi-Z [Ax output] Hi-Z [Ax output] Keep-O Keep Hi-Z Keep
BCx/CSx/RD/WRx Hi-Z [BCx/CSx/RD/WRx [BCx/CSx/RD/WRx Keep Hi-Z Keep
output] Hi-Z output] H
ALE Hi-Z [ALE output] Hi-Z [ALE output] L Keep Hi-Z Keep
Others — Hi-Z Keep-O Keep Hi-Z Keep

Note:  H: High-level

L: Low-level

Hi-Z: High-impedance

Keep-O: Output pins retain their previous values. Input pins go to high-impedance.

Keep: Pin states are retained during periods in Software Standby mode.
Note 1. Retains the 1/O port state until the DPSBYCR.IOKEEP bit is cleared to 0.
Note 2. Input is enabled if the pin is specified as the Software Standby canceling source while it is used as an external interrupt pin.
Note 3. Input is enabled if the pin is specified as the Deep Software Standby canceling source.
Note 4. Input is enabled while the pin is used as an input pin.
Note 5. For host operation, set the USBHS.SYSCFG.DRPD bit to 1 to enable the USBHS_DP and USBHS_DM pull-down resistors. For

device operation, set the USBHS.SYSCFG.DPRPU bit to 1 to enable the DP pull-up resistor.
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Appendix 2. Package Dimensions

Information on the latest version of the package dimensions or mountings is displayed in “Packages” on the Renesas
Electronics Corporation website.

JEITA Package Code [ RENESAS Code | Previous Code [ MASS[Typ.] |
P-LFQFP176-24x24-0.50 | PLQPO176KB-A |176P6Q-A/FP-176E/FP-176EV|  1.8g

NOTE)
1. DIMENSIONS "#1" AND "*2"
DO NOT INCLUDE MOLD FLASH.
2. DIMENSION "*3" DOES NOT
INCLUDE TRIM OFFSET.

He
C
c

Dimension in Milli

Symbel ["Min [ Nom | Max
D [239)|240]241
E [239]240]241
A, | — |14 ] —
Hp | 25.8 | 26.0 | 26.2
He | 25.8 | 26.0 | 26.2
A — | — | 17
A; |0.05| 0.1 | 0.15

Terminal cross section

| b, [0.15|0.20 | 0.25

14 TR T

i 0.09 |0.145| 0.20

awililititililatintitilililting < . 77 :3:1 0.125

0 0 | — 8°

5y Ly e | — ]| 05| —

E - x | — ] — o008

Detail F y I — | 0.10

Zp | — [125] —

Ze | — | 125 —

L 0.35| 0.5 | 0.65

L | — 10—

Figure 2.1 LQFP 176-pin
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JEITA Package Code

RENESAS Code

Previous Code

MASS (Typ) [g]

P-LFQFP144-20x20-0.50

PLQPO0144KA-B

1.2

Hp
“1p
108 73
ARAAAARARAAARARAARRRAARAARRAAARARAAR
109 == b 72
= =
= E=
= =
= =
=) =]
= E=
= =
=) =]
= E=
= =
=) =]
= E=
= =
=) =]
= E=
= = wl W
== == ~ T
(== o *
=) =]
= E=
= =
=) =]
= E=
= =
= =
=]
= E=
= =
oo =]
= E=
= =
== =]
144 55 E=
= =
37

iEEESEEEEEEEEL
1
Index area

NOTE 3

HHHHHHHHHHHHHHHHHHHHHAT,
36 NOTE 4

[[ [ 1\
i e -
*3
E s bp
(=l y[s] ]x @)
&
< < :\\ij
- JENTH
. 1
<
Lp
L1

Detail F

© 2016 Renesas Electronics Corporation. All rights reserved.

NOTE)

1.
2.
3.

4.

DIMENSIONS “*1” AND “*2" DO NOT INCLUDE MOLD FLASH.
DIMENSION “*3" DOES NOT INCLUDE TRIM OFFSET.
PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE

LOCATED WITHIN THE HATCHED AREA.

Unit: mm

CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.

Reference | Dimensions in millimeters
Symbol | Min | Nom | Max
D 19.9 | 20.0 | 20.1
E 19.9 | 20.0 | 20.1
A2 — 1.4 —
Hp 21.8 | 220 | 22.2
He 218 | 22.0 | 22.2
A — | — ] 7
A1 0.05 — 0.15
bp 0.17 | 0.20 | 0.27
c 0.09 — 0.20
0 0° 3.5° 8°
le] — | 05 | —
X — — 0.08
y — — 0.08
Lp 0.45 0.6 | 0.75
L1 — 1.0 —

Figure 2.2

LQFP 144-pin
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JEITA Package Code

RENESAS Code

Previous Code

MASS (Typ) [d]

P-LFQFP100-14x14-0.50

PLQP0100KB-B

0.6

Hp

*1 p

HAAAAARAARARRARARRARARRRE
L —
' Index area » NOTE 4 l;l.OTE)
s
[1 JAR .
JU
, B |,
[ @
< & ( g
M IR
i E

S

ittty

Unit: mm

DIMENSIONS “*1” AND “*2" DO NOT INCLUDE MOLD FLASH.
DIMENSION “*3" DOES NOT INCLUDE TRIM OFFSET.

PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
LOCATED WITHIN THE HATCHED AREA.
CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.

Reference | Dimensions in millimeters
Symbol 1 Min | Nom | Max
D 139 | 140 | 141
E 139 | 140 | 14.1
A2 — | 14 | —
Hp 158 | 16.0 | 16.2
He 15.8 | 16.0 | 16.2
A — — | 17
A1 0.05 — 0.15
bp 0.15 | 0.20 | 0.27
c 0.09 — 0.20
0 0° 3.5° 8°
le] — | 05 | —
X — — 0.08
y — — 0.08
Lp 0.45 0.6 | 0.75
L1 — 1.0 —

© 2015 Renesas Electronics Corporation. All rights reserved.

Figure 2.3 LQFP 100-pin
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Appendix 3.

This appendix describes I/O register address and access cycles by function.

I/O Registers

3.1 Peripheral Base Addresses

This section provides the base addresses for peripherals described in this manual. Table 3.1 shows the name, description,
and the base address of each peripheral.

Table 3.1 Peripheral base address (1 of 3)
Name Description Base address
RMPU Renesas Memory Protection Unit 0x4000_0000
TZF TrustZone Filter 0x4000_0OEO00
SRAM SRAM Control 0x4000_2000
BUS BUS Control 0x4000_3000
DMACO Direct memory access controller 0 0x4000_5000
DMAC1 Direct memory access controller 1 0x4000_5040
DMAC2 Direct memory access controller 2 0x4000_5080
DMAC3 Direct memory access controller 3 0x4000_50C0
DMAC4 Direct memory access controller 4 0x4000_5100
DMACS5 Direct memory access controller 5 0x4000_5140
DMAC6 Direct memory access controller 6 0x4000_5180
DMAC7 Direct memory access controller 7 0x4000_51C0
DMA DMAC Module Activation 0x4000_5200
DTC Data Transfer Controller 0x4000_5400
ICU Interrupt Controller 0x4000_6000
CACHE CACHE 0x4000_7000
CPSCU CPU System Security Control Unit 0x4000_8000
DBG Debug Function 0x400_1B000
FCACHE Flash Cache 0x400_1C100
SYSC System Control 0x4001_EO00
PORTO Port 0 Control Registers 0x4008_0000
PORT1 Port 1 Control Registers 0x4008_0020
PORT2 Port 2 Control Registers 0x4008_0040
PORT3 Port 3 Control Registers 0x4008_0060
PORT4 Port 4 Control Registers 0x4008_0080
PORT5 Port 5 Control Registers 0x4008_00A0
PORT6 Port 6 Control Registers 0x4008_00C0
PORT7 Port 7 Control Registers 0x4008_00EO
PORTS8 Port 8 Control Registers 0x4008_0100
PORT9 Port9 Control Registers 0x4008_0120
PORTA Port A Control Registers 0x4008_0140
PORTB Port B Control Registers 0x4008_0160
PFS Pmn Pin Function Control Register 0x4008_0800
ELC Event Link Controller 0x4008_2000
RTC Realtime Clock 0x4008_3000
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Table 3.1 Peripheral base address (2 of 3)
Name Description Base address
IWDT Independent Watchdog Timer 0x4008_3200
WDT Watchdog Timer 0x4008_3400
CAC Clock Frequency Accuracy Measurement Circuit 0x4008_3600
MSTP Module Stop Control A, B, C, D 0x4008_4000
POEG Port Output Enable Module for GPT 0x4008_A000
USBFS USB 2.0 FS Module 0x4009_0000
SDHIO SD Host Interface 0 0x4009_2000
SSIEO Serial Sound Interface Enhanced (SSIE) 0x4009_DO000
IICO Inter-Integrated Circuit O 0x4009_F000
licowu Inter-Integrated Circuit 0 Wake-up Unit 0x4009_F014
lIC1 Inter-Integrated Circuit 1 0x4009_F100
lcz Inter-Integrated Circuit 2 0x4009_F200
OSPI Octa Serial Peripheral Interface 0x400A_6000
CANO CANO Module 0x400A_8000
CEC Consumer Electronics Control 0x400A_CO000
CANFD CANFD Module Control 0x400B_0000
CTSU Capacitive Touch Sensing Unit 0x400D_0000
PSCU Peripheral Security Control Unit 0x400E_0000
AGTO Low Power Asynchronous General purpose Timer 0 0x400E_8000
AGT1 Low Power Asynchronous General purpose Timer 1 0x400E_8100
AGT2 Low Power Asynchronous General purpose Timer 2 0x400E_8200
AGT3 Low Power Asynchronous General purpose Timer 3 0x400E_8300
AGT4 Low Power Asynchronous General purpose Timer 4 0x400E_8400
AGT5 Low Power Asynchronous General purpose Timer 5 0x400E_8500
TSN Temperature Sensor 0x400F_3000
CRC CRC Calculator 0x4010_8000
DOC Data Operation Circuit 0x4010_9000
USBHS USB 2.0 High-Speed Module 0x4011_1000
EDMACO DMA Controller for the Ethernet Controller Channel 0 0x4011_4000
ETHERCO Ethernet Controller Channel 0 0x4011_4100
SCIO Serial Communication Interface 0 0x4011_8000
SCi1 Serial Communication Interface 1 0x4011_8100
SCI2 Serial Communication Interface 2 0x4011_8200
SCI3 Serial Communication Interface 3 0x4011_8300
SCl4 Serial Communication Interface 4 0x4011_8400
SCI5 Serial Communication Interface 5 0x4011_8500
SCl6 Serial Communication Interface 6 0x4011_8600
SCI7 Serial Communication Interface 7 0x4011_8700
SCI8 Serial Communication Interface 8 0x4011_8800
SCI9 Serial Communication Interface 9 0x4011_8900
SPIO Serial Peripheral Interface O 0x4011_A000

RO1DS0366EJ0110 Rev.1.10
Mar 31, 2021

RENESAS

Page 112 of 118



RA6M5 Datasheet

Appendix 3. I/O Registers

Table 3.1

Peripheral base address (3 of 3)

Name

Description

Base address

SPI1

Serial Peripheral Interface 1

0x4011_A100

SCE9

Secure Cryptographic Engine

0x4016_1000

GPT320

General PWM 32-Bit Timer 0

0x4016_9000

GPT321

General PWM 32-Bit Timer 1

0x4016_9100

GPT322

General PWM 32-Bit Timer 2

0x4016_9200

GPT323

General PWM 32-Bit Timer 3

0x4016_9300

GPT164

General PWM 16-Bit Timer 4

0x4016_9400

GPT165

General PWM 16-Bit Timer 5

0x4016_9500

GPT166

General PWM 16-Bit Timer 6

0x4016_9600

GPT167

General PWM 16-Bit Timer 7

0x4016_9700

GPT168

General PWM 16-Bit Timer 8

0x4016_9800

GPT169

General PWM 16-Bit Timer 9

0x4016_9900

GPT_OPS

Output Phase Switching Controller

0x4016_9A00

ADC120

12bit A/D Converter 0

0x4017_0000

ADC121

12bit A/D Converter 1

0x4017_0200

DAC12

12-bit D/A converter

0x4017_1000

FLAD

Data Flash

0x407F_C000

FACI

Flash Application Command Interface

0x407F_E000

QSPI

Quad-SPI

0x6400_0000

Note:  Name = Peripheral name
Description = Peripheral functionality

Base address = Lowest reserved address or address used by the peripheral

3.2 Access Cycles

This section provides access cycle information for the I/O registers described in this manual.

e Registers are grouped by associated module.

e The number of access cycles indicates the number of cycles based on the specified reference clock.

e In the internal I/O area, reserved addresses that are not allocated to registers must not be accessed, otherwise operations
cannot be guaranteed.

e The number of I/O access cycles depends on bus cycles of the internal peripheral bus, divided clock synchronization
cycles, and wait cycles of each module. Divided clock synchronization cycles differ depending on the frequency ratio
between ICLK and PCLK.

e When the frequency of ICLK is equal to that of PCLK, the number of divided clock synchronization cycles is always

constant.

e When the frequency of ICLK is greater than that of PCLK, at least 1 PCLK cycle is added to the number of divided
clock synchronization cycles.

o The number of write access cycles indicates the number of cycles obtained by non-bufferable write access.

Note:  This applies to the number of cycles when access from the CPU does not conflict with the instruction fetching to the

external memory or bus access from other bus masters such as DTC or DMAC.

RO1DS0366EJ0110 Rev.1.10

Mar 31, 2021

RENESAS

Page 113 of 118



RA6M5 Datasheet

Appendix 3. I/O Registers

Table 3.2 Access cycles (1

of 3)

Number of access cycles

Address ICLK = PCLK ICLK > PCLK™
Cycle
Peripherals From To Read Write Read Write Unit Related function
RMPU, TZF, 0x4000_0000 0x4000_6FFF 4 3 4 3 ICLK Renesas Memory
SRAM, BUS, Protection Unit,
DMACN, DMA, TrustZone Filter,
DTC, ICU SRAM Control, BUS
Control, Direct
memory access
controller n, DMAC
Module Activation,
DTC Control Register,
Interrupt Controller
CACHE 0x4000_7000 0x4000_7FFF 3 5 3 5 ICLK CACHE
CPSCU, DBG, 0x4000_8000 0x4001_CFFF 4 3 4 3 ICLK CPU System Security
FCACHE Control Unit, Debug
Function, Flash Cache
SYSC 0x4001_E000 0x4001_E3FF 5 4 5 4 ICLK System Control
SYSC 0x4001_E400 0x4001_E5FF 9 8 5t08 5t08 PCLKB | System Control
PORTN, PFS 0x4008_0000 0x4008_OFFF 5 4 2t05 2to 4 PCLKB | Port n Control
Registers, Pmn Pin
Function Control
Register
ELC, RTC, IWDT, | 0x4008_2000 0x4008_3FFF 5 4 3to5 2to 4 PCLKB | Event Link Controller,
WDT, CAC Realtime Clock,
Independent
Watchdog Timer,
Watchdog Timer,
Clock Frequency
Accuracy
Measurement Circuit
MSTP 0x4008_4000 0x4008_4FFF 5 4 2to5 2to4 PCLKB | Module Stop Control
POEG 0x4008_A000 0x4008_AFFF 5 4 3to5 2t04 PCLKB | Port Output Enable
Module for GPT
USBFS 0x4009_0000 0x4009_3FFF 6 5 3t06 3to5 PCLKB [ USB 2.0 FS Module
USBFS 0x4009_4000 0x4009_4FFF 4 3 1to4 1t03 PCLKB | USB 2.0 FS Module
SDHIO, SSIEOQ, 0x4009_2000 0x4009_FFFF 5 4 2t05 2to4 PCLKB | SD Host Interface 0,
1ICn, IICOWU Serial Sound Interface
Enhanced, Inter-
Integrated Circuit n,
Inter-Integrated Circuit
0 Wake-up Unit
OSPI 0x400A_6000 Ox400A_6FFF 15 17 12to 15 15to0 17 PCLKB | Octa Serial Peripheral
Interface
CANnN 0x400A_8000 0x400A_9FFF 5 4 2to5 2to 4 PCLKB | CANn Module
CEC 0x400A_C000 0x400A_CFFF 4 3 1to3 1to3 PCLKB | Consumer Electronics
Control
CANFD 0x400B_0000 0x400C_FFFF 5 4 2to5 2to 4 PCLKB | CANFD Module
CTSU 0x400D_0000 0x400D_FFFF 4 3 l1to4 1t03 PCLKB | Capacitive Touch
Sensing Unit
PSCU 0x400E_0000 0x400E_OFFF 5 4 2to5 2to4 PCLKB | Peripheral Security
Control Unit
AGTn 0x400E_8000 0x400E_8FFF 7 4 5t07 2to4 PCLKB | Low Power
Asynchronous
General purpose
Timer n
TSN 0x400F_3000 Ox400F_3FFF 5 4 2t05 2to4 PCLKB | Temperature Sensor
CRC, DOC 0x4010_8000 0x4010_9FFF 5 4 2to5 2to 4 PCLKA | CRC Calculator, Data
Operation Circuit
USBHS 0x4011_1000 0x4011_1FFF (BWAIT+5)2 | (BWAIT+4)"2 | (BWAIT+4)2 | (BWAIT+2)to | PCLKA | USB 2.0 High-Speed
(BWAIT +4)"2 Module
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Table 3.2 Access cycles (2 of 3)

Number of access cycles
Address ICLK = PCLK ICLK > PCLK™
Cycle

Peripherals From To Read Write Read Write Unit Related function

EDMACO 0x4011_4000 0x4011_40FF 6 5 3to6 3to5 PCLKA | DMA Controller for the
Ethernet Controller
Channel 0

ETHERCO 0x4011_4100 0x4011_4FFF 15 14 12to 15 12t0 14 PCLKA | Ethernet Controller
Channel 0

SCin 0x4011_8000 0x4011_8FFF 53 4*3 210573 2 to 4*3 PCLKA | Serial Communication
Interface n

SPIn 0x4011_A000 0x4011_AFFF 54 44 2t05% 2 to 44 PCLKA | Serial Peripheral
Interface n

CANFD ECC 0x4012_F000 0x4012_FFFF 5 4 2to4 2to4 PCLKA | CANFD ECC Module

SCE9 0x4016_1000 0x4016_1FFF 6 4 3t06 2t04 PCLKA | Secure Cryptographic
Engine

GPT32n, GPT16n, | 0x4016_9000 0x4016_9FFF 7 4 4t07 2to4 PCLKA | General PWM 32-Bit

GPT_OPS Timer n, General
PWM 16-Bit Timer n,
Output Phase
Switching Controller

ADC12n, DAC12 | 0x4017_0000 0x4017_2FFF 5 4 2to5 2to4 PCLKA | 12bit A/D Converter n,
12-bit D/A converter

QSPI 0x6400_0000 0x6400_000F 5 14t0 ™0 2t05 14t0 PCLKA | Quad-SPI

QSPI 0x6400_0010 0x6400_0013 25t0 "5 6to"™ 25to0 "5 5t0*5 PCLKA | Quad-SPI

QSPI 0x6400_0014 0x6400_0037 5 14t0 2t05 1410 *5 PCLKA | Quad-SPI

QSPI 0x6400_0804 0x6400_0807 4 3 1to4 1to3 PCLKA | Quad-SPI

Table 3.2 Access cycles (3 of 3)
Number of access cycles
Address ICLK = FCLK ICLK > FCLK™
Cycle

Peripherals From To Read Write Read Write Unit Related function

FLAD, FACI 0x407F_C000 Ox407F_EFFF 5 4 2to5 2to4 FCLK Data Flash, Flash
Application Command
Interface

Note 1. If the number of PCLK or FCLK cycles is non-integer (for example 1.5), the minimum value is without the decimal point, and the
maximum value is rounded up to the decimal point. For example, 1.5t0 2. 5is 1 to 3.

Note 2. BWAIT is the number of waits (not cycles) described in the USBHS.BUSWAIT register.

Note 3. When accessing a 16-bit register (FTDRHL, FRDRHL, FCR, FDR, LSR, and CDR), access is 2 cycles more than the value shown in
Table 3.2. When accessing an 8-bit register (including FTDRH, FTDRL, FRDRH, and FRDRL), the access cycles are as shown in
Table 3.2.

Note 4. When accessing the 32-bit register (SPDR), access is 2 cycles more than the value in Table 3.2. When accessing an 8-bit or 16-bit
register (SPDR_HA), the access cycles are as shown in Table 3.2.

Note 5. The access cycles depend on the QSPI bus cycles.
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