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ASSP (USB Power Delivery Controller) Mar 29, 2019

OUTLINE
Features

Ultra-low power consumption technology

® Vpp = single power supply voltage of 2.7 to 5.5V
® HALT mode

® STOP mode

® SNOOZE mode

RL78 CPU core

® CISC architecture with 3-stage pipeline

® Minimum instruction execution time: 0.04167 ys:
@ 24 MHz operation with high-speed on-chip
oscillator

® Multiply/divide/multiply & accumulate instructions
are supported.

® Address space: 1 MB

® General-purpose registers: (8-bit register x 8) x 4
banks

® On-chip RAM: 7 KB

Code flash memory

® Code flash memory: 128 KB

® Block size: 1 KB

® Prohibition of block erase and rewriting (security
function)

® On-chip debug function

® Self-programming (with boot swap function/flash
shield window function)

Data flash memory

® Data flash memory: 2 KB

® Back ground operation (BGO): Instructions can
be executed from the program memory while
rewriting the data flash memory.

® Number of rewrites: 1,000,000 times (TYP.)

® \V/oltage of rewrites: Vpp =2.7t0 5.5V

High-speed on-chip oscillator

® Select from 48 MHz, 24 MHz, 16 MHz, 12 MHz,
8 MHz, 6 MHz, 4 MHz, 3 MHz, 2 MHz,
and 1 MHz

® High accuracy: £1.0% (Voo =2.7t0 5.5V,
Ta =-20to +85°C)

Operating ambient temperature
® Ta =-40to +85°C (A: Consumer applications)

Power management and reset function

® On-chip power-on-reset (POR) circuit

® On-chip voltage detector (LVD) (Select reset
from 6 levels)

usB

® Complying with USB Specification Revision 2.0,
incorporating host/function controller

® Corresponding to full-speed transfer (12 Mbps)
and low-speed (1.5 Mbps)

® Complying with Battery Charging Specification
Revision 1.2

® Compliant with the 2.1 A/1.0 A charging mode.

Serial interfaces

® CSI: 2 channels

® UART: 1 channel

® Simplified I12C: 2 channels
® [2C: 2 or 3 channels

Timers

® 16-bit timer: 8 channels

® 12-bitinterval timer: 1 channel
® Watchdog timer: 1 channel

A/D converter

® 8/10-bit resolution A/D converter
(Vbp =2.7t05.5V)

® Analog input: 8 channels

® |Internal reference voltage (1.45 V) and
temperature sensor

1/0 ports

® |/O port: 23 or 28 (N-ch open drain 1/0
[withstand voltage of 6 V]: 5, N-ch open drain 1/O
[Vop withstand voltage]: 8 or 13)

® Can be set to N-ch open drain, TTL input buffer,
and on-chip pull-up resistor

® On-chip clock output/buzzer output controller

Others
® On-chip BCD (binary-coded decimal) correction
circuit

Remark
The functions mounted depend on the product.
See 1.6 Outline of Functions.
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R9A02G015 1. OUTLINE

ROM, RAM capacities

R9A02G015
Flash ROM Data flash RAM
32 pins (with USB) 32 pins (without USB)
128 KB 2 KB 7 KB Note R9A02G0150 R9A02G0151
Note The flash library uses RAM in self-programming and rewriting of the data flash memory.

The target products and start address of the RAM areas used by the flash library are shown below.

R9A02G0150/R9A02G0151: Start address FE300H

1.2 Ordering Information

Figure 1 - 1 Part Number and Package of ROA02G015

Pin count Package Ordering Part Number Remarks
32 pins | 32-pin QFN R9A02G015020GNP#ACO Product with USB (R9A02G0150)
(4 x 4 mm, 0.4 mm pitch)
R9A02G015120GNP#ACO Product without USB (R9A02G0151)
Caution The ordering part numbers represent the numbers at the time of publication. For the latest ordering part

numbers, refer to the target product page of the Renesas Electronics website.
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R9A02G015

1. OUTLINE

1.3 Pin Configuration (Top View)
1.3.1 32-pin product (with USB)
¢ 32-pin QFN (4 x 4 mm, 0.4 mm pitch)

le——Q P55/INTP11/T104/TO04/SO01/UOVRCURO
le——( P54/INTP10/TI103/TO03/SDA01/SI01/UVBUSENO

o —
2338a3s
oo0>>00
55555 >

exposed die pad (Vss) TTTTTT

2423222120191817
P25/ANI5 Qe—{25\ _ _ _ _ _ _
P24/ANI4 O+—>| 26 1
P23/ANI3 O+—>] 27 |
pP22/ANI2 O+—28 | R9A02G0150 |

|

|

P21/ANIL/AVgry O—>] 29 |
P20/ANIO/AVrerr O—30 | |
POL/INTP13/TI06/TO06/ANIL7 Oe—{31 | !
POO/INTP12/TI05/TO05/ANI16/PCLBUZ0 Q+—>{32@ — ~ — — — —

(Top View)

16
15
14
13
12

le——>Q P53/INTP9/T102/TO02/SCL01/SCK01/UOVRCUR1
le——>QO P52/INTP8/T101/TO01/SO00/TXD0O/TOOLTXD/UVBUSEN1
le——>Q P51/INTP7/T100/TO00/SDA00/SI00/RXDO/TOOLRXD
le——>QO P50/INTP6/SCL00/SCKO00

le——>QO P64/INTP5

11 «—>QO P63/INTP4/SDAAL

10

le——>Q P62/INTP3/SCLA1
le——>Q P61/INTP2/SDAAD

INDEX MARK /

P40/TOOLO O<—>>‘
RESETB O—|n
P137/INTPO0 O—{ w
P121/X1 O—|
REGC O—— o
Vop O————~
P60/INTP1/SCLAQ Q¢—> ©

P122/X2/EXCLK Q—{ »

Caution 1. Connect the exposed die pad (Vss) to ground.
Caution 2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remark  For pin identification, see 1.4 Pin Identification.

R19DS0101EJ0100 Rev.1.00
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R9A02G015

1. OUTLINE

1.3.2 32-pin product (without USB)
¢ 32-pin QFN (4 x 4 mm, 0.4 mm pitch)

le——>O P54/INTP10/TI03/TO03/SDA01/SI01

-
o
o
4
<
o
o)
£
<
~ =]
3 [~
g %39
~ & & < 3 &
o
EZZ 0032
IOJ LI0 B
NNN~NZ2N~NK D
[ N a W o W T o W a o 1Y
exposed die pad (Vss) T T T T T T T
242322212019 1817
P25/ANIS Q+—>|25\ _ _ _ _ _ _ 16
P24/ANI4 O+—>{26 T s
P23/ANI3 O+—|27 | I 14
P22/ANI2 O+«—>{28 | ROA02G0151 | 13
P21/ANIL/AVgeey O+—29 | (Top View) | 12
P20/ANIO/AVrerr O] 30 L : 11
______ 1

PO1/INTP13/TI06/TO06/ANI17 Oe—
POO/INTP12/T105/TO05/ANI16/PCLBUZ0 O+—

31

320

/1

l——>O P53/INTPY/TI02/TO02/SCLO1/SCKO1

l——>O P52/INTP8/TI01/T001/SO00/TXDO/TOOLTXD
l——>O P51/INTP7/TI00/TO00/SDA00/SI00/RXDO/TOOLRXD
l——>O P50/INTP6/SCL0O0/SCKO0

l——>O PB4/INTP5

l——>O P63/INTP4/SDAAL

l——>O P62/INTP3/SCLA1L

l——O P61/INTP2/SDAAO

INDEX MARK/

P40/TOOLO Qe—>|

RESETB O—{~
P137/INTP0 O——» w
P122/X2/EXCLK O— &
REGC O—— o

Vop O———~
P60/INTP1/SCLA0 Q¢—> @

P121/X1 O—»n

Caution 1. Connect the exposed die pad (Vss) to ground.
Caution 2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 pF).

Remark  For pin identification, see 1.4 Pin Identification.

R19DS0101EJ0100 Rev.1.00

Mar 29, 2019 RENESAS

Page 4 of 53



R9A02G015

1. OUTLINE

Pin Identification

ANIO to ANI5, ANI16, ANIL17:

AVREFM:
AVREFp:
EXCLK:

INTPO to INTP15:
P00, PO1:

P20 to P25:
P40:

P50 to P55:
P60 to P64:
P70 to P74:
P121, P122:
P137:
PCLBUZO:
REGC:
RESETB:
RxDO:

SCKO00, SCKO1:

SCLAO to SCLA2, SCL00, SCLO1:
SDAAOQ to SDAA2, SDA0O, SDAO1:

SI00, SI01:

S000, SO01:

TIOO to TIO7:

TOOO to TOO7:
TOOLO:

TOOLRXD, TOOLTXD:
TxDO:

UDMO, UDM1, UDPO, UDP1:

UOVRCURO, UOVRCUR1:
UVBUSENO, UVBUSENZ1:
UVbp:

UVaus:

Vop:

Vss:

X1, X2:

Analog input

A/D converter reference potential (- side) input
A/D converter reference potential (+ side) input
External clock input (main system clock)
External interrupt input

Port 0

Port 2

Port 4

Port 5

Port 6

Port 7

Port 12

Port 13

Programmable clock output/buzzer output
Regulator capacitance

Reset

Receive data

Serial clock input/output

Serial clock input/output

Serial data input/output

Serial data input

Serial data output

Timer input

Timer output

Data input/output for tool

Data input/output for external device
Transmit data

USB Input/QOutput

USB Input

USB Output

USB Power Supply/USB Regulator Capacitance

USB Input/USB Power Supply (USB Optional BC)

Power supply
Ground
Crystal oscillator (main system clock)

R19DS0101EJ0100 Rev.1.00
Mar 29, 2019
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R9A02G015

1. OUTLINE

1.5
151

Block Diagram
32-pin products

TIVER ARRAY UNIT 0 Fot Poo.FoL
(8ch)
TI00—| Port 2 P20to P25
o = e
TI01 —|
001+ T e e o
e
TO02 <—]| <> Poit5 K> Psotopss
e
TO03 <—]
TI04 — choa A o () eoeres
TO04 <—
TI05 —|
Port 7 P70toP74
e I
e
TOO7 <4— 18KB CIRCUIT C>
DATA FLASH: <:> Port 13 P37
2KB
= I = .
ON-CHIP DEBUG TOOLO/P40
RL78 CPU CORE
CLOCK OUTPUT]
C> BUZZER OUTPUT |——% PCLBUZ0
MULDIV CONTROLLER
<:> RAM 7 KB
<:>EXTERNAL INTERRUPT INTPO to INTP15
SERIAL ARRAY UNITO
(2¢h) @
RXDO
00 UARTO l¢— RESETB
SCK00 €— s
Sioo > csi00 CLOCK GENERATOR
S000 < +
MAIN SYSTEM CLOCK
ko1 <—Lal RESET CIRQUIT GlEIl\EZIgAMTSZR ANI2 to ANI5,
(e}
sio1 > csiol K—D| apcowerter |7 ANIOAVRe
5001 T T ——— ANIL/AVrerd
cLoo X1 X2/EXCLK
SCLO1 <— oo R Low-sreeD
i
SDAOL <—] T_ng/ oSaan ostuLAToR
48MHz 15kHz
REGULATOR
REGC
UDPO €—P|
UDMO 4—>|
UDPL €—P| v v
DD ss TOOLRXD/P51,
UDM1 ¢—P] TOO LTXD/P52 WATCHDOG TIMER SCLAO
UVays ——] uUsB prese < KD 11CAO Py
UOVRCURO —p|
UVBUSENO ¢—— SCLAL
UOVRCUR1 —p| K| USB Vottage Regulator CRC < D) “ lICAL
UVBUSEN1 <¢——] SDAAL
| scLA2
UVoo < licaz SDAA2
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R9A02G015 1. OUTLINE

1.6 Outline of Functions

(1/2)
32-pin (with USB) 32-pin (without USB)
Iltem
R9A02G0150 R9A02G0151
Code flash memory (KB) 128 KB
Data flash memory (KB) 2 KB
RAM 7KB Nete1
Address space 1MB
Main system High-speed system clock (fux) | X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
clock HS (High-speed main) mode: 1 to 20 MHz (Vpp = 2.7 t0 5.5 V)
High-speed on-chip oscillator | HS (High-speed main) mode: 1 to 24 MHz (Vpp = 2.7 t0 5.5 V)
clock (fin) Max: 24 MHz
PLL clock 6,12, 24 MHz N2 \/pp = 2.7t0 5.5 V
Subsystem clock | Low-speed on-chip oscillator 15 kHz (TYP.): Vpp =2.7t0 5.5V
clock(fi)
General-purpose register 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
Minimum instruction execution time 0.04167 ps (High-speed on-chip oscillator clock: floco = 48MHz/fiy = 24 MHz
operation)
0.04167 ps (PLL clock: fpu. = 48 MHz/f\y = 24 MHz N°t¢ 2 gperation)
0.05 ps (High-speed system clock: fux = 20 MHz operation)
Instruction set + Data transfer (8/16 bits)
+ Adder and subtractor/logical operation (8/16 bits)
« Multiplication (8 bits x 8 bits, 16 bits x 16 bits), Division (16 bits + 16 bits, 32
bits + 32 bits)
« Multiplication and Accumulation (16 bits x 16 bits + 32 bits)
« Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean
operation), etc.
1/0O port Total 23 28
CMOS 1/0 15 20
CMOS input 3
N-ch open-drain I/O 5
(6 V tolerance)
Timer 16-bit timer 8 channels
Watchdog timer 1 channel
12-bit interval timer 1 channel
Timer output 7 8
Clock output/buzzer output 1
2.93 kHz, 5.86 kHz, 11.7 kHz, 1.5 MHz, 3 MHz, 6 MHz
(Main system clock: fyan = 24 MHz operation)
10-bit resolution A/D converter 8 channels
Serial interface CSI: 2 channels/UART: 1 channel/simplified I>C: 2 channels
I2C bus 2 channels 3 channels
R19DS0101EJ0100 Rev.1.00 Page 7 of 53
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R9A02G015 1. OUTLINE
(2/12)
32-pin (with USB) 32-pin (without USB)
Item
R9A02G0150 R9A02G0151

usB Host controller 2 channels —

Function controller 1channel —
Vectored Internal 22 21
interrupt sources

External 14 16

Reset

+ Reset by RESETB pin

- Internal reset by watchdog timer

« Internal reset by power-on-reset

« Internal reset by voltage detector

- Internal reset by illegal instruction execution Not 3
« Internal reset by RAM parity error

« Internal reset by illegal-memory access

Power-on-reset circuit

» Power-on-reset: 1.51 + 0.04 V (Ta = -40 to +85°C)
» Power-down-reset: 1.50 + 0.04 V (T = -40 to +85°C)

Voltage detector | Power on

2.81 V10 4.06 V (6 stages)

Power down

2.75V t0 3.98 V (6 stages)

On-chip debug function

Provided (Enable to tracing)

Power supply voltage

V. _=27t055V
DD

Operating ambient temperature

Ta =-40to +85°C

Note 1. The flash library uses RAM in self-programming and rewriting of the data flash memory.
The target products and start address of the RAM areas used by the flash library are shown below.

R9A02G0150/R9A02G0151: Start address FE300H

Note 2. In the PLL clock 48 MHz operation, the system clock is 2/4/8 dividing ratio.
Note 3. The illegal instruction is generated when instruction code FFH is executed.
Reset by the illegal instruction execution is not issued by emulation with the in-circuit emulator or on-chip debug

emulator.

R19DS0101EJ0100 Rev.1.00
Mar 29, 2019
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

2. ELECTRICAL SPECIFICATIONS

The target products A: Consumer applications; Ta = -40 to +85°C

R9A02G0150, R9A02G0151

Cautions 1. The R9A02G015 has an on-chip debug function, which is provided for development and evaluation.

Do not use the on-chip debug function in products designated for mass production, because the
guaranteed number of rewritable times of the flash memory may be exceeded when this function
is used, and product reliability therefore cannot be guaranteed. Renesas Electronics is not liable
for problems occurring when the on-chip debug function is used.

. The pins mounted depend on the product. Refer to 2.1 Port Function to 2.2 Functions other than

port pins in the R9A02G015 User’'s Manual.

R19DS0101EJ0100 Rev.1.00 Page 9 of 53
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

2.1 Absolute Maximum Ratings

Absolute Maximum Ratings (Ta = 25°C) (1/2)

Parameter Symbols Conditions Ratings Unit
Supply voltage Voo -0.5t0 +6.5 \Y,
REGC pin input voltage | Virecc REGC -0.3to +2.8 \

and -0.3 to Vop +0.3"ote !
UVoo pin input voltage | Viuvop UVop —0.3to Voo +0.3 \Y,
Input voltage Viz P00, P01, P20 to P25, P40, P50 to P55, P70 to -0.3 to Vop +0.3N0te 2 Y
P74, P121, P122, P137, RESETB
Vi P60 to P64 (N-ch open-drain) -0.3t0 +6.5 Vv
Vis UDPO, UDMO, UDP1, UDM1 -0.3t0 +6.5 \
Via UVeus -0.3t0 +6.5 \
Output voltage Vo1 POO, P01, P20 to P25, P40, P50 to P55, P70 to P74| -0.3to Vop +0.3N°te2 \Y,
Voz UDPO, UDMO, UDP1, UDM1 -0.3t0 +6.5 \
Analog input voltage Vai ANI16, ANI17 —0.3 to Vob +0.3 \
and -0.3 to AVrer (+) +0.3
Notes 2, 3
Vaiz2 ANIO to ANI5 —-0.3to Voo +0.3 Y,
and -0.3 to AVrer (+) +0.3
Notes 2, 3

Notes 1. Connectthe REGC pinto Vss via a capacitor (0.47 to 1 u4F). This value regulates the absolute maximum
rating of the REGC pin. Do not use this pin with voltage applied to it.
2. Must be 6.5V or lower.
3. Do not exceed AVrer(+) + 0.3 V in case of A/D conversion target pin

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the verge
of suffering physical damage, and therefore the product must be used under conditions that ensure that
the absolute maximum ratings are not exceeded.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
2. AVrer (+) : The + side reference voltage of the A/D converter. This can be selected from AVrerp, the internal
reference voltage (1.45 V), and Vop.
3. Vss: Reference voltage

R19DS0101EJ0100 Rev.1.00 Page 10 of 53
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (TA = 25°C) (2/2)

Parameter Symbols Conditions Ratings Unit
Output current, high lom1 Per pin P00, P01, P40, P50 to P55, P70- -40 mA
P74
Total of all pins | P00, P01, P40 -70 mA
—170mA P50 to P55, P70 to P74 ~100 mA
loHz Per pin P20 to P25 -0.5 mA
Total of all pins -2 mA
Output current, low lov Per pin P00, P01, P40, P50 to P55, P60 40 mA
to P64, P70 to P74
Total of all pins | P00, P01, P40 70 mA
170 mA P50 to P55, P60 to P64, P70 to 100 mA
P74
loL2 Per pin P20 to P25 1 mA
Total of all pins 5 mA
Operating ambient Ta In normal operation mode —40 to +85 °C
temperature In flash memory programming mode
Storage temperature Tstg —65 to +150 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the verge
of suffering physical damage, and therefore the product must be used under conditions that ensure that
the absolute maximum ratings are not exceeded.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.

R19DS0101EJ0100 Rev.1.00 Page 11 of 53
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

2.2 Oscillator Characteristics

2.2.1 X1 oscillator characteristics

(TA=-40t0 +85°C, 2.7V <Vbb<£5.5V, Vss=0V)

Parameter Resonator Conditions MIN. TYP. MAX. Unit
X1 clock oscillation Ceramic resonator/ 27V<Vop<55V 1.0 20.0 MHz
frequency (fx)Note crystal resonator

Note Indicates only permissible oscillator frequency ranges. Refer to AC Characteristics for instruction execution time.
Request evaluation by the manufacturer of the oscillator circuit mounted on a board to check the oscillator
characteristics.

Caution Since the CPU is started by the high-speed on-chip oscillator clock after a reset release, check the X1
clock oscillation stabilization time using the oscillation stabilization time counter status register (OSTC)
by the user. Determine the oscillation stabilization time of the OSTC register and the oscillation
stabilization time select register (OSTS) after sufficiently evaluating the oscillation stabilization time
with the resonator to be used.

222 On-chip oscillator characteristics

(TA=-40to0 +85°C, 2.7V <Vbpb<£5.5V, Vss =0 V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. Unit
High-speed on-chip oscillator | frioco 1 48 MHz
clock frequency Netes 1.2
High-speed on-chip oscillator -20to +85 °C -1.0 +1.0 %
clock frequency accuracy _40 to —20 °C _15 +15 %
Low-speed on-chip oscillator fiL 15 kHz

clock frequency

Low-speed on-chip oscillator -15 +15 %
clock frequency accuracy

Notes 1. High-speed on-chip oscillator frequency is selected by bits 0 to 3 of option byte (000C2H/010C2H) and bits
0 to 2 of HOCODIV register.
2. This indicates the oscillator characteristics only. Refer to AC Characteristics for instruction execution time.

2.2.3 PLL oscillator characteristics

(TA=-40t0 +85°C, 2.7V<Vop <55V, Vss =0V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
PLL input frequency N°t feLun High-speed system clock 6.00 16.00 | MHz
PLL output frequency Mot frLL 48.00 MHz

Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

R19DS0101EJ0100 Rev.1.00 Page 12 of 53
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

2.3 DC Characteristics

2.3.1 Pin characteristics

(TA=-40to0 +85°C,2.7V<Vbp<55V,Vss=0V)

Items Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, ViH1 P00, P01, P40, P50 to P55, P70 to | Normal input buffer | 0.8Vop Vop \%
high P74

ViH2 P00, P01, P50 to P55, P70 to P74 TTL input buffer 2.2 Vop \Y
40V<Vop<55V
TTL input buffer 2.0 Vob \Y
33V<Von<4.0V
TTL input buffer 15 Vob \Y
27V<Vopo<33V
ViHs P20 to P25 0.7Vop Vob \Y
ViHa P60 to P64 0.7Vop 6.0 \
ViHs P121, P122, P137, RESETB 0.8Vop Vop \Y
Input voltage, Vit P00, P01, P40, P50 to P55, P70 to | Normal input buffer 0 0.2Vop \%
low P74
Vi P00, P01, P50 to P55, P70 to P74 TTL input buffer 0 0.8 \Y
40V<Vop<55V
TTL input buffer 0 0.5 \%
33V<Von<4.0V
TTL input buffer 0 0.32 \Y
27V<Vopo<33V
Vis P20 to P25 0 0.3Vop
ViLa P60 to P64 0 0.3Vop \%
Vis P121, P122, P137, RESETB 0 0.2Vop \Y

Caution The maximum value of Vi1 of pins P00, P01, P50-P55, and P70-P74 is Vop, even in the N-ch open-drain
mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

(TA=-40to +85°C, 2.7V <Vpop <55V, Vss =0V)

Items Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, | Vori P00, PO1. P40, P50 to P55, P70to | 2.7V <Vopb<55V, |Voo-0.5 \%
high P74 loH1 = -1.5 mA

Vor2 P20 to P25 27V<Vop<55V, |Voo-0.5 \%
lonz = =100 zA
Output voltage, | Vor1 P00, P01, P40, P50 to P55, P70to | 2.7V <Vop<55YV, 0.4 \%
low P74 lor = 1.5 mA
VoL2 P20 to P25 2.7V<Vob<5h5V, 0.4 \Y
loz = 400 LA
Vois P60 to P64 27V<Vop<55V, 0.4 \%
lot1 = 3.0 mA

Caution P00, P01, P50-P55, and P70-P74 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.

(TA=-40t0 +85°C, 2.7V <Vpb <55V, Vss=0V)

Items Symbol Conditions MIN. TYP. MAX. Unit
Input leakage ILiHL P00, P01, P20 to P25, P40, P50| Vi = Voo 1 LA
current, high to P55, P60 to P64, P70 to P74,

P137, RESETB
ILiH2 P121, P122 Vi=Voo | Ininput port or 1 LA
external clock
input
Input leakage ([N[EY P00, P01, P20 to P25, P40, P50| Vi = Vss -1 LA
current, low to P55, P60 to P64, P70 to P74,
P137, RESETB
Iz P121, P122 Vi=Vss | Ininputportor -1 LA
external clock
input
On-chip pll-up Ru P00, P01, P40, P50 to P55, P70| Vi = Vss, Ininput port 10 20 100 kQ
resistance to P74

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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R9A02G015

2. ELECTRICAL SPECIFICATIONS

2.3.2

(TA=25°C,Vop=3.3V,Vss=0V)

Supply current characteristics

Parameter | Symbol Conditions MIN. TYP. | MAX. Unit
Supply Iop1 Operating | HS (High-speed | froco = 48 MHz 2.8 mA
current mode main) mode fin = 24 MHz Note 2
Note 1
fHoco = 24 MHz 2.6 mA
fin = 24 MHz Nete 2
Iopz Note 3 | HALT HS (High-speed | froco = 48 MHz 0.92 mA
mode main) mode fis = 24 MHz Note 4
froco = 24 MHz 0.72 mA
fin = 24 MHz Nete 4
loo3 STOP 0.26 LA
mode

Notes 1. Total current flowing into Voo, including the input leakage current flowing when the level of the input pin is fixed

to Vob, or Vss. However, not including the current flowing into the A/D converter, LVD circuit, /O port, and on-
chip pull-up/pull-down resistors and the current flowing during data flash rewrite.

a b~ WODN

. When high-speed system clock is stopped.

. During HALT instruction execution by flash memory.
. When high-speed system clock and Low-speed on-chip oscillator clock are stopped.
. Not including the current flowing into the 12-bit interval timer and watchdog timer.

Remarks 1. fuoco: High-speed on-chip oscillator clock frequency (Max. 48 MHz)

2. fin

Main system clock source frequency obtained by dividing the high-speed on-chip oscillator clock by 2,
4, or 8 (Max. 24 MHz)
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R9A02G015 2. ELECTRICAL SPECIFICATIONS
(TA=25°C,Vop=UVpp =3.3V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. | MAX. Unit
USB operating lussr During USB communication operation under the following 1.8 mA
currentNote Note 2 settings and conditions:

* The function controller is set to operate in full-speed mode
* The internal power supply for the USB is stopped.
o froco = 48MHz, fiy = 24MHz
Isusp During suspended state under the following settings and 180 LA

Note 3

conditions:
e The function controller is set to full-speed mode (the UDPO
pin is pulled up).
* The internal power supply for the USB is stopped.
e The system is set to STOP mode (When the high-speed
on-chip oscillator and high-speed system clock are stopped.
When the watchdog timer is stopped.).

Notes 1. Current flowing into Vpp and UVpp.
2. Current consumed only by the USB module.
3. Includes the current supplied from the pull-up resistor of the UDPO pin to the pull-down resistor of the host
device, in addition to the current consumed by this MCU during the suspended state.

Remarks 1. fuoco: High-speed on-chip oscillator clock frequency (Max. 48 MHz)
Main system clock source frequency obtained by dividing the high-speed on-chip oscillator clock by 2,
4, or 8 (Max. 24 MHz)

2. fim:
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

2.4 AC Characteristics

241 Basic operation

(TA=-40t0 +85°C, 2.7V <Vbb <55V, Vss=0V)

Items Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey Main HS (High- |27V<Vm<55V| 0.04167 1 )7
instruction execution time) system speed main)
clock (fmuan) | mode
operation
In the self HS (High- |27V<Vop<55V|0.04167 1 us
programming| speed main)
mode mode
External system clock frequency | fex 27V<Vop<55V 1.0 20.0 MHz
External system clock input texH, text. | 2.7V < Voo <55V 24 ns
high-level width, low-level width
Interrupt input high-level width, tINTH, INTPO to INTP15 | 2.7V <Vop <55V 1 )7
low-level width tiNTL
RESETB low-level width trsL 10 7

Remark fvck: Timer array unit operation clock frequency
(Operation clock to be set by the CKSOn bit of timer mode register On (TMRON). n: Channel number (n =0 to 7))

AC Timing Test Points

Vi/Vor . Vii/VoH
>< ViVor > Test points <: V||./Vou_><

External System Clock Timing

1/fex
tew - texH
EXCLK \
N
RESETB Input Timing
trsL
RESETB
R19DS0101EJ0100 Rev.1.00 Page 17 of 53
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

2.5 Peripheral Functions Characteristics

251 Serial array unit

(1) During communication at same potential (UART mode) (dedicated baud rate generator output)
(TA=-401t0 +85°C, 2.7V <Vop<55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate fmek/6 bps
Theoretical value of the 4.0 Mbps

maximum transfer rate
Note

fmek = fork

Note The maximum operating frequencies of the CPU/peripheral hardware clock (fcik) are:
HS (high-speed main) mode: 24 MHz (2.7 V < Vbob < 5.5 V)

Caution Select the normal input buffer for the RxDq pin and the normal output mode for the TxDq pin by using
port input mode register g (PIMg) and port output mode register g (POMg).

UART mode connection diagram (during communication at same potential)

TxDq Rx
R9A02G015 User's device
RxDq Tx

UART mode bit width (during communication at same potential) (reference)

1/Transfer rate
High-/Low-bit width
Baud rate error tglﬁe[apgeﬁ o
TxDq
RxDq

Remarks 1. q: UART number (q = 0), g: PIM and POM number (g = 5)

2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00))
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R9A02G015

2. ELECTRICAL SPECIFICATIONS

(2) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output,

corresponding CSIO00 only)

(TA=-401t0 +85°C,2.7V<Vop<55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkeve tkev > 2ffok | 27V <Vop <55V 83.3 ns

SCKp high-/low-level width tKH1, 40V<Vop<55V tkevd/2 - 7 ns

ta 27V<Vop<55V teevi/2 — 10 ns

Slp setup time (to SCKpT) Note1 tsik1 40V<Vop<55V 23 ns

27V<Vop<55V 33 ns

SlIp hold time (from SCKpT) N2 | ks 27V<Vop<55V 10 ns

Delay time from SCKpJ to tkso1 C = 20 pFhete4 10 ns
SOp output Note3

Notes 1.

when DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKpJ{”
when DAPmMn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
4. Cis the load capacitance of the SCKp and SOp output lines.

Caution

by using port input mode register g (PIMg) and port output mode register g (POMg).

Remarks 1.

g: PIM and POM numbers (g = 5)

3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00))

This specification is valid only when CSI00’s peripheral I/O redirect function is not used.
2. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0),

When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Sip setup time becomes “to SCKp{”

Select the normal input buffer for the Slp pin and the normal output mode for the SOp pin and SCKp pin

R19DS0101EJ0100 Rev.1.00
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R9A02G015

2. ELECTRICAL SPECIFICATIONS

(3) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)
(TA=-40to +85°C, 2.7V <Vbop <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkeva tkev: > 4ffak | 2.7V <Vop <55V 167 ns

SCKp high-/low-level width tkH1, 40V<Vop<55V tkevl/2 — 12 ns

tk 27V<Vop<55V teovi/2 - 18 ns

Slp setup time (to SCKpT)Noel | tsiq 40V<Vop<55V 44 ns

27V<Vop<55V 44 ns

SlIp hold time (from SCKpT) Mot 2 | s 19 ns

Delay time from SCKp/ to tkso1 C = 30 pFhete4 25 ns
SOp output Nete 3

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKpl"
when DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.

2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKpJ{”

when DAPmMn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes

“from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

4. Cis the load capacitance of the SCKp and SOp output lines.

Caution Select the normal input buffer for the Slp pin and the normal output mode for the SOp pin and SCKp pin

by using port input mode register g (PIMg) and port output mode register g (POMg).

Remarks 1. p: CSl number (p = 00, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),

g: PIM and POM numbers (g = 5)

2. fvck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00, 01))
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

(4) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input)
(TA=-40to +85°C, 2.7V <Vbop <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time Note s tkevz 4.0V <Vop<55V |20 MHz < fuck 8/fmc ns

fmek < 20 MHz 6/fmck ns

27V <Vopb<55V | 16 MHz < fuck 8/fmck ns

fmek < 16 MHz 6/fmck ns

SCKp high-/low-level width | tkhz, 40V<Vop<55V tkeval2 — 7 ns

tz 27V<Vop<55V tkova/2 - 8 ns

Slp setup time tsikz 27V<Vop<55V 1/fmek+20 ns
(to SCKpT) Note

Slp hold time tsi2 27V<Vop <55V 1/fmek+31 ns

(from SCKpT) Note 2

Delay time from SCKpy to | tksoz C = 30 pF Note4 27V<Vop<55V 2ffwck+44 ns

SOp output Nete 3

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKpJ{”

when DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.

2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKpJ{”
when DAPmMn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

4. Cis the load capacitance of the SOp output lines.

5. Transfer rate in the SNOOZE mode : MAX. 1 Mbps

Caution Select the normal input buffer for the Slp pin and SCKp pin and the normal output mode for the SOp pin
by using port input mode register g (PIMg) and port output mode register g (POMg).

Remarks 1. p: CSl number (p =00, 01), m: Unit number (m = 0),
n: Channel number (n =0, 1), g: PIM number (g =0, 5, 7)

2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00, 01))
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

CSI mode connection diagram (during communication at same potential)

SCKp SCK
R9A02G015 gp SO  User's device
SOp Sl

CSI mode serial transfer timing (during communication at same potential)
(When DAPmn =0 and CKPmn =0, or DAPmn =1 and CKPmn =1.)

tkevt, 2

tat. 2 i, 2

SCKp \

-

tsik1, 2 tksi, 2

Slp Input data

]

tksot, 2

SOp Output data ><

CSI mode serial transfer timing (during communication at same potential)
(When DAPmn =0 and CKPmn =1, or DAPmn =1 and CKPmn =0.)

tkevt, 2

i1, 2 tiLt, 2

|

SCKp /

tsik1, 2 txsi, 2

Slp Input data

I

tksot, 2

SOp Output data ><

Remarks 1. p: CSl number (p =00, 01)
2. m: Unit number, n: Channel number (mn = 00, 01)
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

(5) During communication at same potential (simplified I°C mode)
(TA=-40to +85°C, 2.7V <Vbop <55V, Vss=0V)

Parameter Symbol Conditions MIN. MAX. Unit
SCLr clock frequency fsc 27V<Vop<55V, 1000 Note kHz
Cb = 50 pF, Ro = 2.7 kQ
27V<Vop<55V, 400 Note kHz
Cb = 100 pF, Rb = 3 kQ
Hold time when SCLr = “L” tLow 2.7V <Vop<55V, 475 ns
Cb = 50 pF, Ro = 2.7 kQ
27V<Vop<5h5V, 1150 ns
Cb = 100 pF, R = 3 kQ
Hold time when SCLr = “H" tHIGH 2.7V <Vop<55V, 475 ns
Cb = 50 pF, Ro = 2.7 kQ
27V<Vop<55V, 1150 ns
Cb = 100 pF, R = 3 kQ
Data setup time (reception) tsu:DAT 2.7V <Vop<55V, 1/fmeck + 85 ns
Cb = 50 pF, R = 2.7 kQ tote 2
27V<Vop<55YV, 1/fmck + 145 ns
Cb = 100 pF, Ry = 3kQ tote 2
Data hold time (transmission) tHD:DAT 2.7V <Vop<55V, 0 305 ns
Cb =50 pF, Rb = 2.7 kQ
27V <Vop<55YV, 0 355 ns
Cb = 100 pF, Rs = 3 kQ

Notes 1. The value must also be equal to or less than fuck/4.
2. Set the fuck value to keep the hold time of SCLr = "L" and SCLr = "H".

Caution Select the normal input buffer and the N-ch open drain output (Voo tolerance) mode for the SDAr pin
and the normal output mode for the SCLr pin by using port input mode register g (PIMg) and port output

mode register h (POMh).

(Caution and Remarks are listed on the next page.)
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R9A02G015

2. ELECTRICAL SPECIFICATIONS

Simplified I°C mode mode connection diagram (during communication at same potential)

SDAr
R9A02G015

SCLr

Vop

I

SDA

SCL

User's device

Simplified I°C mode serial transfer timing (during communication at same potential)

1/fscL

tow

tHiGH

SCLr \

SDAr /\

tHD:DAT

tsu:oaT

Remarks 1. Ro[Q]:Communication line (SDAr) pull-up resistance, Co[F]: Communication line (SDAr, SCLr) load

capacitance

2. r: [IC number (r = 00, 01), g: PIM number (g = 5), h: POM number (h = 5)
3. fmek: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number (m = 0),

n: Channel number (n =0, 1), mn = 00, 01)
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R9A02G015

2. ELECTRICAL SPECIFICATIONS

(6) Communication at different potential (2.5 V, 3 V) (UART mode) (1/2)

(TA=-40to0 +85°C,2.7V<Vop<55V,Vss=0V)

maximum transfer rate

fmck = fork Note2

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate reception | 4.0V <Vop <55V, fuck/eNote bps
27VsVb<40V Theoretical value of the 4.0 Mbps
maximum transfer rate
fmck = fork Note2
27V<Vopb<4.0V, fmek/6Nete 1 bps
23VsVo<27V Theoretical value of the 4.0 Mbps

Notes 1. Use it with Vbo>Vb.
2. The maximum operating frequencies of the CPU/peripheral hardware clock (fcik) are:

HS (high-speed main) mode:

Caution Select the TTL input buffer for the RxDqg pin and the N-ch open drain output (Voo tolerance) mode for
the TxDq pin by using port input mode register g (PIMg) and port output mode register g (POMg). For

24 MHz (2.7 V < Vop < 5.5 V)

ViH and Vi, see the DC characteristics with TTL input buffer selected.

Remarks 1.
2.
3.

Vb[V]: Communication line voltage
g: UART number (g = 0), g: PIM and POM number (g = 5)

fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00)
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

(6) Communication at different potential (2.5 V, 3 V) (UART mode) (2/2)
(TA=-40to +85°C, 2.7V <Vbop <55V, Vss=0V)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Transfer rate transmission [4.0V <Vop <55V, Note 1 bps
27V<Vb<40V Theoretical value of the 2.8N°te2  Mbps

maximum transfer rate
Co=50pF, Ro=14kQ,Vb=2.7V

27V<Vo<4.0V Note 3 bps

23V<Vb<27V Theoretical value of the 1.2 Note4  Mbps
maximum transfer rate

Cb=50pF, Ro=27kQ, Vb =23V

Notes 1. The smaller maximum transfer rate derived by using fMCK/6 or the following expression is the valid maximum
transfer rate.
Expression for calculating the transfer rate when 4.0 V<VDD <55V and 2.7V <Vb<4.0V

Maximum transfer rate = [bps]

2.2
{~Cb xRb xIn (1 - Vb )} x 3

1 2.2
Transfer rate x 2 {=CbxRbxIn (1 -=y,

Baud rate error (theoretical value) = )} x 100 [%)]

1 .
(m) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.

2. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 1 above to calculate the maximum transfer rate under conditions of the customer.

3. The smaller maximum transfer rate derived by using fMCK/6 or the following expression is the valid maximum
transfer rate.
Expression for calculating the transfer rate when 2.7V <VDD <4.0Vand 2.3V <Vb<27V

Maximum transfer rate = [bps]

2.0
{~CbxRbxIn (1 - Vb )} x 3

1 2.0
Transfer rate x 2~ {=Cb x Rbxn (1 -—yy
Baud rate error (theoretical value) = )} x 100 [%)]
1

(m) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.

4. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 3 above to calculate the maximum transfer rate under conditions of the customer.
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R9A02G015

2. ELECTRICAL SPECIFICATIONS

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Voo tolerance) mode for the
TxDg pin by using port input mode register g (PIMg) and port output mode register g (POMg). For Vix
and Vi, see the DC characteristics with TTL input buffer selected.

UART mode connection diagram (during communication at different potential)

R9A02G015

TxDq

RxDq

Vo

%Rb
Rx

User's device

Tx

UART mode bit width (during communication at different potential) (reference)

1/Transfer rate
Low-bit width

High-bit width

Baud rate error tolerance

N
- X~

TxDq
1/Transfer rate
High-/Low-bit width
Baud rate error tolerance
4—? 7777777777
RxDq <

Remarks 1. Rbu[Q]:Communication line (TxDq) pull-up resistance, Co[F]: Communication line (TxDq) load capacitance,
Vob[V]: Communication line voltage

wn

g: UART number (g = 0), g: PIM and POM number (g = 5)
fuck: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00))
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R9A02G015

2. ELECTRICAL SPECIFICATIONS

(7) Communication at different potential (2.5 V, 3 V) (CSI mode) (master mode, SCKp... internal clock output,
corresponding CSIO00 only)
(TA=-401t0 +85°C,2.7V<Vop<55V,Vss=0V)

Cb =20 pF, Ro = 2.7 kQ

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKp cycle time tkeve tkev: > 2/ffak | 4.0V <Vop<5.5YV, 200 ns
27V<Vh<4.0V,
Cb =20 pF, Ro = 1.4 kQ
27V<Vop<4.0V, 300 ns
23V<Vb<27V,
Cb = 20 pF, Ro = 2.7 kQ
SCKp high-level width tkHL 40V<Vop<55V,27V<Vb<4.0V, |tker/2-50 ns
Cb =20 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vp<27V, tkevy/2 — ns
Cb = 20 pF, Ro = 2.7 kQ 120
SCKp low-level width tkLa 40V<Vop<55V,27V<Vb<4.0V, tkevd/2 - 7 ns
Cb =20 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<27V, |tev/2-10 ns
Cb =20 pF, Rb = 2.7 kQ
Slp setup time tsik1 40V<Vop<55V,27V<Vp<4.0V, 58 ns
(to SCKpT)Netet Cb = 20 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vp<27YV, 121 ns
Cb = 20 pF, Ro = 2.7 kQ
Slp hold time tksi 40V<Vop<55V,27V<Vp<4.0V, 10 ns
(from SCKpT) Nete Cb = 20 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vp<27V, 10 ns
Cb = 20 pF, Ro = 2.7 kQ
Delay time from SCKp{ to tkso1 40V<Vop<55V,27V<Vb<4.0V, 60 ns
SOp output Note * Cb =20 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vp<27V, 130 ns
Cb = 20 pF, Ro = 2.7 kQ
Slp setup time tsik1 40V<Vop<55V,27V<Vp<4.0V, 23 ns
(to SCKp{)Note Cb = 20 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vp<27V, 33 ns
Cb =20 pF, Rb = 2.7 kQ
Slp hold time tksi 40V<Vop<55V,27V<Vp<4.0V, 10 ns
(from SCKp{) Nete2 Cb = 20 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vp<27V, 10 ns
Cb = 20 pF, Ro = 2.7 kQ
Delay time from SCKp?® to tkso1 40V<Vop<55V,27V<Vb<4.0V, 10 ns
SOp output Note 2 Cb =20 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vp<27V, 10 ns

Notes 1. When DAPmn =0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
2. When DAPmMn =0 and CKPmn = 1, or DAPmn =1 and CKPmn =0.

(Caution and Remark are listed on the next page.)
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vop tolerance) mode for the
SOp pin and SCKp pin by using port input mode register g (PIMg) and port output mode register g
(POMg). For ViH and Vi, see the DC characteristics with TTL input buffer selected.

Remarks 1. Rb[Q]:Communication line (SCKp, SOp) pull-up resistance, Co[F]: Communication line (SCKp, SOp) load
capacitance, Vo[V]: Communication line voltage
2. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0),
g: PIM and POM number (g = 5)

3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00)

4. This value is valid only when CSIOQ’s peripheral I/O redirect function is not used.
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

(8) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (master mode, SCKp... internal clock output) (1/2)
(TA=-40to +85°C, 2.7V <Vbop <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkeve tkeve > 4ffck| 4.0V <Vop <55V, 300 ns
27V<Vb<4.0V,
Cb =30 pF, Ro=1.4kQ

27V<Vop<4.0V, 500 ns
23V<Vb<27V,
Cb =30 pF, Ro = 2.7 kQ

SCKp high-level width tiHL 40V<Vop<55V,27V<Vb<40V, |tkev/2-75 ns
Cb = 30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Ve<27V, tkev/2 — ns
Cb =30 pF, Ro = 2.7 kQ 170

SCKp low-level width tkLa 40V<Vop<55V,27V<Vb<4.0V, |tkev/2-12 ns

Cb =30 pF, Ro = 1.4 kQ

27V<Vop<40V,23VVb<27V, |tkevd/2-18 ns
Cb =30 pF, R = 2.7 kQ

Cautions 1. Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vop tolerance) mode for
the SOp pin and SCKp pin by using port input mode register g (PIMg) and port output mode register
g (POMg). For Vi and Vi, see the DC characteristics with TTL input buffer selected.
2. Use it with Vbp> Vb.

(Remarks are listed two pages after the next page.)
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R9A02G015

2. ELECTRICAL SPECIFICATIONS

(8) Communication at different potential (1.8 V, 2.5V, 3 V) (CSI mode) (master mode, SCKp... internal clock output) (2/2)
(TA=-40to +85°C, 2.7V <Vbop <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Slp setup time tsike 40V<Vop<55V,27V<Vb<4.0V, 81 ns
(to SCKpT) Note1 Cb = 30 pF, Ro = 1.4 kQ
27V<Vop<40V,23VVp<27V, 177 ns
Cb = 30 pF, Ro = 2.7 kQ
Slp hold time tksiz 40V<Vp<55V,27V<Ve<40V, 19 ns
(from SCKpT) Nete Cb = 30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Ve<27V, 19 ns
Cb = 30 pF, Ro = 2.7 kQ
Delay time from SCKpY to tkso1 40V<Vop<55V,27V<Vp<4.0V, 100 ns
SOp output Mot Cb = 30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Ve<27V, 195 ns
Cb = 30 pF, Ro = 2.7 kQ
Slp setup time tsik1 40V<Vop<55V,27V<Vb<4.0V, 44 ns
(to SCKpi)Nore Cb = 30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Ve<27V, 44 ns
Cb = 30 pF, Ro = 2.7 kQ
Slp hold time tksit 40V<Vop<55V,27V<Vb<4.0V, 19 ns
(from SCKp{) Nete2 Cb = 30 pF, Ro = 1.4 kQ
27V<Vop<40V,23VIVp<27V, 19 ns
Cb = 30 pF, Ro = 2.7 kQ
Delay time from SCKp?® to tkso1 40V<Vop<55V,27V<Vb<4.0V, 25 ns
SOp output Note 2 Cb =30 pF, Ro = 1.4 kQ
27V<Vop<40V,23VIVp<27V, 25 ns
Cb = 30 pF, Ro = 2.7 kQ

(Notes, Cautions and Remarks are listed on the next page.)
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

Notes 1. When DAPmMn =0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
2. When DAPmn =0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance) mode for the
SOp pin and SCKp pin by using port input mode register g (PIMg) and port output mode register g
(POMg). For Vit and Vi, see the DC characteristics with TTL input buffer selected.

CSI mode connection diagram (during communication at different potential)

<Master> Vb Vb
§ Ro % Ro
SCKp P SCK
R9A02G015 Slp SO  User's device
SOp sl

Remarks 1. Rb[Q]:Communication line (SCKp, SOp) pull-up resistance, Co[F]: Communication line (SCKp, SOp) load
capacitance, Vo[V]: Communication line voltage
2. p: CSl number (p = 00), m: Unit number, n: Channel number (mn = 00), g: PIM and POM number (g = 5)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00))
4. CSI01 cannot communicate at different potential. Use other CSI for communication at different potential.
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

CSI mode serial transfer timing (master mode) (during communication at different potential)
(When DAPmn =0 and CKPmn =0, or DAPmn =1 and CKPmn =1.)

trevi
- b | - LGl -
SCKp \ \—/__\_
I
- taix L trsit o

Slp / Input data \|

N\ /

trsot :

SOp Y'z’r Output data

CSI mode serial transfer timing (master mode) (during communication at different potential)
(When DAPmn =0 and CKPmn =1, or DAPmn =1 and CKPmn =0.)

i
SCKp _/( Jﬁ

tsikt tksi

trey

tre1

Slp Input data

SOp ; / Output data

Remarks 1. p: CSl number (p = 00), m: Unit number, n: Channel number (mn = 00), g: PIM and POM number (g =5)
2. CSI01 cannot communicate at different potential. Use other CSI for communication at different potential.
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

(9) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (slave mode, SCKp... external clock input)
(TA=-40to +85°C, 2.7V <Vbop <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKp cycle time Note tkevz 40V<Vop<55V, | 20 MHz < fuwck <24 MHz 12/fumex ns
27V<Vh<40V 8 MHz < fuck < 20 MHz 10/fumck ns
4 MHz < fuck <8 MHz 8/fmck ns
fmek <4 MHz 6/fmck ns
27V<Vop<40V, 20 MHz < fuek < 24 MHz 16/fmck ns
23V<sWh<27V 16 MHz < fuck < 20 MHz 14/fuck ns
8 MHz < fuck <16 MHz 12/fmek ns
4 MHz < fuck <8 MHz 8/fmek ns
fmek <4 MHz 6/fmck ns
SCKp high-/low-level tkH2, 40V<Vop<55V,27V<Vb<40V tkey2/2 — ns
width tkLz 12
27V<Vop<40V,23VVp<27V tkey2/2 — ns
18
Slp setup time tsik2 40V<Vop<55V,27V<Vb<40V 1/fmck + ns
(to SCKpT) Note 2 20
27V<Vop<40V,23VWb<27V 1/fmek + ns
20
Slp hold time tksi2 1ffmex + 31 ns
(from SCKpT) Note3
Delay time from SCKp{ to | tksoz 40V<Vop<55V,27V<Vh<4.0V, 2/fmek + ns
SOp output e Cb =30 pF, Ro = 1.4 kQ 120
27V<Vop<40V,23VIW<27YV, 2/fmek + ns
Cb =30 pF, Ro = 2.7 kQ 214

Notes 1. Transfer rate in the SNOOZE mode : MAX. 1 Mbps
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp{”
when DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp{”
when DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.
4. When DAPmMn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKpT" when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

(Caution and Remarks are listed on the next page.)
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R9A02G015

2. ELECTRICAL SPECIFICATIONS

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vop tolerance) mode for the
SOp pin and SCKp pin by using port input mode register g (PIMg) and port output mode register g

(POMg). For ViH and Vi, see the DC characteristics with TTL input buffer selected.

CSI mode connection diagram (during communication at different potential)

<Slave>

SCKp

R9A02G015 Slp

SOp

Vb

g

SCK

8O User's device

Si

Remarks 1. Rbu[Q]:Communication line (SOp) pull-up resistance, Co[F]: Communication line (SOp) load capacitance,

Vu[V]: Communication line voltage

2. p: CSI number (p = 00), m: Unit number, n: Channel number (mn = 00), g: PIM and POM number (g = 5)
3. fmck: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).

m: Unit number, n: Channel number (mn = 00))
4. CSI01 cannot communicate at different potential. Use other CSI for communication at different potential.
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

CSI mode serial transfer timing (slave mode) (during communication at different potential)
(When DAPmn = 0 and CKPmn =0, or DAPmn =1 and CKPmn =1.)

tkey2
tkiz tkH2
l
SCKp \
\
tsikz tksi2
Slp Input data
tksoz
SOp Output data

CSI mode serial transfer timing (slave mode) (during communication at different potential)
(When DAPmn =0 and CKPmn =1, or DAPmn =1 and CKPmn =0.)

ko2
txHz2 tkz
/ /
SCKp /
\
tsik2 fksiz2
Slp Input data
tksoz2
SOp Output data

Remarks 1. p: CSI number (p = 00), m: Unit number, n: Channel number (mn = 00),
g: PIM and POM number (g = 5)
2. CSI01 cannot communicate at different potential. Use other CSI for communication at different potential.
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

(10) Communication at different potential (1.8 V, 2.5V, 3V) (simplified I°C mode) (1/2)
(TA=-40to +85°C, 2.7V <Vbop <55V, Vss=0V)

Parameter Symbol Conditions MIN. MAX. Unit
SCLr clock frequency fscL 40V <Vop<55V, 1000M¢€t | kHz
27V<Ve<40V,
Cb =50 pF, Rb = 2.7 kQ
2.7V<Vopo<4.0V, 1000 Nete 2 kHz
23V<Vb<27V,
Cb =50 pF, Ro = 2.7 kQ

40V<Vop<55V, 400 Note 1 KHz
27V<Vb<4.0V,

Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V, 400 Note 1 KHz
23V<Vh<2.7V,

Cb =100 pF, Rb = 2.7 kQQ
Hold time when SCLr = “L” tLow 40V <Vop<55V, 475 s
27V<Vb<40V,

Cb =50 pF, Rb = 2.7 kQ

27V<Vop<4.0V, 475 ns
23V<Vb<27V,

Cb =50 pF, Ro = 2.7 kQ
40V<Vop<55YV, 1150 ns
27V<Vpb<40V,

Cb =100 pF, Rb = 2.8 kQ

27V<Vop<4.0V, 1150 ns
23V<Vh<27V,

Cb =100 pF, Ro = 2.7 kQ
Hold time when SCLr = “H” trHiGH 40V<Vop<55V, 245 ns
27V<Ve<4.0V,

Cb =50 pF, Ro = 2.7 kQ

27V<Vop<4.0V, 200 ns
23V<Vb<27V,
Cb =50 pF, Ro =2.7 kQ

40V<Vop<55YV, 675 ns
27V<Vb<4.0V,
Cb = 100 pF, Ro = 2.8 kQ
27V<Vop<4.0V, 600 ns
23V<Vb<27V,
Cb =100 pF, Rb = 2.7 kQ

(Notes, Caution and Remarks are listed on the next page.)
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

(10) Communication at different potential (1.8 V, 2.5V, 3V) (simplified I°C mode) (2/2)
(TA=-40to +85°C, 2.7V <Vbop <55V, Vss=0V)

Parameter Symbol Conditions MIN. MAX. Unit

Data setup time (reception) tsu:DAT 40V <Vop<55YV, 1/fvex + 135 ns
27V<Vb<4.0V, Note 2
Cb =50 pF, Rb = 2.7 kQ
2.7V<Vob<4.0V, 1/fmek + 135 ns
23V<Vb<27V, Note 2
Cb =50 pF, Rb = 2.7 kQ
40V <Vopb<55V, 1/fmck + 190 ns
27V<Vb<4.0V, Note 2
Cb =100 pF, Ro = 2.8 kQ
2.7V<Vop<4.0V, 1/fmck + 190 ns
23V<Vb<27V, Note 2
Cb =100 pF, Ro = 2.7 kQ

Data hold time (transmission) tHD:DAT 40V <Vop<55YV, 0 305 ns

27V<Vb<4.0V,
Cb =50 pF, Ro = 2.7 kQ

2.7V<Vop<4.0V, 0 305 ns
23V<Vb<27V,
Cb =50 pF, Ro = 2.7 kQ

40V<Vop<55V, 0 355 ns
27V<Vb<4.0V,
Cb =100 pF, Rb = 2.8 kQ

27V<Vop<4.0V, 0 355 ns
23V<Vb<27V,
Cb =100 pF, Rb = 2.7 kQQ

Notes 1. The value must also be equal to or less than fuck/4.
2. Set the fuck value to keep the hold time of SCLr = "L" and SCLr = "H".

Caution Select the TTL input buffer and the N-ch open drain output (Voo tolerance) mode for the SDAr pin and
the N-ch open drain output (Vop tolerance) mode for the SCLr pin by using port input mode register g
(PIMg) and port output mode register g (POMg). For Vi1 and Vi, see the DC characteristics with TTL
input buffer selected.

(Remarks are listed on the next page.)
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

Simplified I°C mode connection diagram (during communication at different potential)

SDAr SDA

R9A02G015 User's device

SCLr SCL

Simplified I°C mode serial transfer timing (during communication at different potential)

1/fscr

trow trier

SCLr \ N /

|
SDAr

tHDDAT tsu:pat

Remarks 1. Ro[Q]:Communication line (SDAr, SCLr) pull-up resistance, Cbo[F]: Communication line (SDAr, SCLr) load
capacitance, Vo[V]: Communication line voltage

2. r: lIC number (r = 00), g: PIM, POM number (g = 5)

3. fmek: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number, n:
Channel number (mn = 00)
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2. ELECTRICAL SPECIFICATIONS

2.5.2

Serial interface [ICA

(1) I°C standard mode

(TA=-40to +85°C,2.7V<Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) mode Unit
MIN. MAX.

SCLAO clock frequency fscL Standard mode: fe.k>1MHz |2.7 V< Voo <5.5V 0 100 kHz
Setup time of restart condition |tsusta |2.7V <Vopb <55V 4.7 )7
Hold timeNetet ti:sta  |2.7V <Vop<5.5V 4.0 115
Hold time when SCLAO =“L" |tiow 27V<Vop<55V 4.7 )7
Hold time when SCLAQ = “H” | twicH 27V<Voo<55V 4.0 y’s
Data setup time (reception) tsupar |27V <VDD<55V 250 )75
Data hold time tio:batr  [2.7V<Vop <55V 0 3.45 7
(transmission)Note 2
Setup time of stop condition tsusto |27V <Vop<55V 4.0 )7
Bus-free time tuF 27V<Vop<55V 4.7 )7

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.

2. The maximum value (MAX.) of tip:paT is during normal transfer and a wait state is inserted in the ACK

(acknowledge) timing.

Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up

resistor) at that time in each mode are as follows.

Standard mode:

(2) I°C fast mode

Cb =400 pF, Rb = 2.7 kQ

(TA=-40to +85°C,2.7V<Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.

SCLAO clock frequency fscL Fast mode: fck>35MHz | 2.7V <Vob <55V 0 400 kHz
Setup time of restart condition | tsussta | 2.7V <Vob <55V 0.6 )7
Hold timeNete tio:ista | 27 V<Vbp <55V 0.6 S
Hold time when SCLAO =“L" | tiow 27V<Vop <55V 1.3 )7
Hold time when SCLAQ = “H” | twicH 27V<Vopb<55V 0.6 y’s
Data setup time (reception) tsupar | 27V <Vopb <55V 100 ns
Data hold time tio:pat | 2.7V <Vop <55V 0 0.9 7
(transmission)Note 2
Setup time of stop condition tsusto | 2.7V <Vop <55V 0.6 1S
Bus-free time tuF 27V<Vop <55V 1.3 )7

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.

2. The maximum value (MAX.) of tip:paT is during normal transfer and a wait state is inserted in the ACK

(acknowledge) ti

Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up

ming.

resistor) at that time in each mode are as follows.

Fast mode:

Cb =320 pF, Rb = 1.1 kQ
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

(3) I°C fast mode plus
(TA=-40to +85°C,2.7V<Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCLAO clock frequency fscL Fast mode plus: 2.7V <Vo<55V 0 1000 kHz
fek > 10 MHz

Setup time of restart condition | tsu:sta | 2.7V <Vop< 5.5V 0.26 7S
Hold timeNete ! thp:sta | 2.7 V< Vop< 55V 0.26 s
Hold time when SCLAO = “L" | tiow 2.7V <Vop<55V 0.5 y’s
Hold time when SCLAO = “H" | thicH 27V<Vop<5h5V 0.26 )7
Data setup time (reception) tsupat | 2.7V <Vop<55V 50 ns
Data hold time tio:paT | 2.7V <Vop< 55V 0 0.45 7
(transmission)Note 2
Setup time of stop condition tsusto | 2.7V <Vop<55V 0.26 )7
Bus-free time teuF 27V <Vop<55V 0.5 )7

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tip:paT is during normal transfer and a wait state is inserted in the ACK
(acknowledge) timing.

Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up
resistor) at that time in each mode are as follows.
Fast mode plus: Cb =120 pF, Ro = 1.1 kQ

IICA serial transfer timing

tLow

SCLAO

tho-oaT tricH tsu:sTA
tHD:sTA tsu:pAT
sou / § XN\ /T
Stop Start Resta Stop
condition condition condition condition
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ELECTRICAL SPECIFICATIONS

2.5.3

uUSB

(1) Electrical specifications
(TA=-40to +85°C,3.0V<UVop<3.6V,3.0V<Vop<55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
UVop UVop input voltage UVop Voo = 3.0t0 5.5V, PXXCON =1, 3.0 3.3 3.6 \

characteristic VDDUSEB =0 (UVob < Vob)

UVob output voltage UVop Voo =4.0t0 5.5V, 3.0 3.3 3.6 \

characteristic PXXCON = VDDUSEB =1
UVeus UVsus input voltage UVeus Function 4.35 5.00 5.5 \Y

characteristic (4.02Note)
Host 4.75 5.00 5.5 \
Note Value of instantaneous voltage
(TA=-40to +85°C,3.0V<UVop<3.6V,3.0V<Vop<55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
UDPi/UDMi Input voltage Vin 2.0 \Y
pins input Vie 0.8 v
characteristic - -

Difference input | Voi | UDP voltage — UDM voltage | 0.2 \Y
sensitivity
Difference Vem 0.8 2.5 \
common mode
range
UDPIi/UDMi Output voltage Vo lon = —200 LA 2.8 3.6 \
pins output VoL loL = 2.4 MA 0 03 v
characteristic . — —
(FS driver) Transi- | Rising | trr Rising: From 10% to 90 % of 4 20 ns
tion time ; amplitude,
Falling |t - 4 20 ns
- ng | Falling: From 90% to 10 % of
MatChIng TFRFM amp”tude’ 90 1111 %
(TFR/ITFF) CL =50 pF
Crossover voltage| Vrcrs 1.3 2.0 \
Output Zprv UVob voltage = 3.3V, 28 44 Q
Impedance Pin voltage = 1.65 V
UDPi/UDMi Pull-down resistor| Rep 14.25 24.80 kQ
pins pull-up, - "pyitgp Tidie | Rew 0.9 1575 kQ
pull-down resistor
i=0 Recep- | Reua 1.425 3.09 kQ
only) tion
UVeus UVeus pull-down | Rveus UVeus voltage = 5.5V 1000 kQ
resistor
UVeus input Vin 3.20 \Y
voltage Vie 08 v

Remark i=0,1
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

Timing of UDPi and UDMi

UDPi

10 % 10 %
UDMi

(2) BC standard
(TA=-40to +85°C,3.0V<UVop<3.6V,3.0V<Vop<55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
UsB UDPi sink current Iop_sink 25 175 LA
standard | ypj sink current | low sk 25 175 s
BC1.2

Dedicated charging Roce_par | 0 V < UDP/UDM voltage < 1.0 V 200 Q

port resistor

Data detection voltage| Voat_rer 0.25 0.4 \%

UDPIi source voltage | Vor_src Output current 250 zA 0.5 0.7 \

UDMi source voltage | Vom_src Output current 250 A 0.5 0.7

Remark i=0,1
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

(3) BC option standard (Host)
(TA=-40to +85°C,4.75V <UVBus £55V,3.0V<UVop<£3.6 V,2.7V<Vop <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

UDPi output | VDSELi | 1000 | Ve 38 40 42 % UVeus
voltage (301 11001 | Ve 51.6 53.6 55.6 | % UVeus
(UVeus divider

. 1010 Vp20 38 40 42 % UVeus
ratio)
.VDOUEI = 1 1100 VP33 60 66 72 % UVBUS
UDMi output | VDSELIi | 1000 Vm20 38 40 42 % UVsus
voltage 301 11001 | Vweo 38 40 42 | % UVaus
(UVsus divider

. 1010 Vmz27 51.6 53.6 55.6 % UVaus
ratio)
.VDOUEI =1 1100 VM33 60 66 72 % UVBUS
UDPI VDSELi | 1000 | Vwoerr_uro | The rise of pin voltage detection voltage 56.2 % UVsus
comparing [3:0] Vhpere_owio | The fall of pin voltage detection voltage 29.4 % UVsus
voltage Note 1

. . . 0
(UVsus divider 1001 | Vwoere_upi | The rise of pin voltage detection voltage 60.5 % UVeus
ratio) Vrpete_owni| The fall of pin voltage detection voltage 45.0 % UVsus
¢VDOUEI=1 1010 | Vwoere_ur2 | The rise of pin voltage detection voltage 56.2 % UVsus
¢ CUSDETEI =1 Vrpete_owiz | The fall of pin voltage detection voltage 29.4 | % UVsus
UDMi VDSELi | 1000 | Vupetm_uro | The rise of pin voltage detection voltage 56.2 % UVeus
comparing [3:0] Vroerm_owno| The fall of pin voltage detection voltage 29.4 | % UVeus
voltage Note 1
. . . 0
(UVaus divider 1001 | Vuoerm upi | The rise of pin voltage detection voltage 56.2 % UVsus
ratio) Vhperm_owni| The fall of pin voltage detection voltage 29.4 % UVsus
*VDOUEi =1 1010 | Vwoerm ur2 | The rise of pin voltage detection voltage 60.5 % UVeus
*CUSDETEi =1 Vrpetm_ownz| The fall of pin voltage detection voltage 45.0 | % UVaus
UDPi pull-up detection 1000 | Rwper_pue | In full-speed mode, the power supply 1.575 kQ
Note 2 1001 voltage range of pull-up resistors
Connect detection with connected to the USB function
the full speed function 1010 module is between 3.0 V and 3.6 V.
(pull-up resistor)
UDMi pull-up detection | 1000 | Ruper_pu | In low-speed mode, the power supply 1.575 kQ
Note 2 1001 voltage range of pull-up resistors
Connect detection with connected to the USB function
the low-speed (pull-up 1010 module is between 3.0 V and 3.6 V.
resistor)
UDMIi sink current 1000 IHDET sINK 25 LA
i~ Note 2

detection 1001
Connect detection with
the BC1.2 portable 1010
device (sink resistor)

Notes 1. If the voltage output from UDPi or UDMi exceeds the range of the MAX and MIN values prescribed in this
specification, DPCUSDETI (bit 8) and DMCUSDETI (bit 9) of the USBBCOPTi register are set to 1.

2. If the pull-up resistance or sink current prescribed in this specification is applied to UDPi or UDMi,
DPCUSDETI (bit 8) and DMCUSDETI (bit 9) of the USBBCOPTI register are set to 1.

Remark i=0,1
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2. ELECTRICAL SPECIFICATIONS

(4) BC option standard (Function)

(TA=-40to +85°C,4.35V <UVBUs<55V,3.0V<UVop<3.6V,2.7V<Vop<55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
UDPi/UDMi VDSELi | 0000 | Vooeto 27 32 37 % UVsus
input (301 | 0001 | Vooers 29 34 39 | % UVeus
reference
voltage 0010 | VopeT2 32 37 42 % UVsus
(UVaus divider 0011 | Vooers 35 40 45 % UVsus
ratio) 0100 | Voera 38 43 48 % UVaus
* VDOUEI =0 0101 | Vooers 41 46 51 | % UVaus
0110 | Vooers 44 49 54 % UVsus
0111 | Vooer? 47 52 57 % UVsus
1000 | Vooets 51 56 61 % UVeus
1001 | Vooete 55 60 65 % UVsus
1010 | Vooerio 59 64 69 % UVeus
1011 | VopeT11 63 68 73 % UVsus
1100 | VbpeT12 67 72 7 % UVsus
1101 | Vooeris 71 76 81 % UVeus
1110 | VopeT14 75 80 85 % UVsus
1111 | Vooeris 79 84 89 % UVeus
Remark i=0,1
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

2.6 Analog Characteristics

2.6.1 A/D converter characteristics
Classification of A/D converter characteristics

Input channel Reference Voltage
Reference voltage (+) = AVREFP Reference voltage (+) = Vbb Reference voltage (+) = VBGR
Reference voltage (-) = AVREFM Reference voltage (-) = Vss Reference voltage (-) = AVREFM
ANIO to ANI5 Refer to 2.6.1 (1). Refer to 2.6.1 (3). Refer to 2.6.1 (4).
ANI16, ANIL7 Refer to 2.6.1 (2).

Internal reference voltage Refer to 2.6.1 (1). -
Temperature sensor
output voltage

(1) When AVrer (+) = AVrRerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrRerm/ANI1 (ADREFM =
1), target pin : ANI2 to ANI5, internal reference voltage, and temperature sensor output voltage

(Ta = —40 to +85°C, 2.7 V < AVrerr £ VoD £ 5.5V, Vss = 0 V, Reference voltage (+) = AVrerpr, Reference voltage (-) =
AVrerm= 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 8 10 bit
Overall errorNote AINL 10-bit resolution 27V<Vbb<55V 1.2 3.5 LSB

AVrerp = Vpp Note2

Analog input voltage Vain ANI2 to ANI7 0 AVRerp \V;

Internal reference voltage Vagr Note 3
(2.7 V <£VpD £ 5.5V, HS (high-speed main)
mode)

Temperature sensor output voltage Vrmpsas Note 3 \%
(2.7 V <£Vpbp £5.5V, HS (high-speed main)
mode)

Notes 1. Excludes quantization error (£1/2 LSB).
2. When AVrerr < Vop, the MAX. values are as follows.
Overall error: Add +1.0 LSB to the MAX. value when AVrere = Voo.
3. Referto 2.6.2 Temperature sensor/internal reference voltage characteristics.
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(2) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pin : ANI16, ANI17

(TA=-40to +85°C, 2.7 V< AVrerr < Vop £ 5.5V, Vss = 0 V, Reference voltage (+) = AVrerp, Reference voltage (-) =
AVrerm=0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 8 10 bit
Overall errorNote AINL 10-bit resolution 27V<Vbb<55V 1.2 +5.0 LSB

AVrerp = Vpp Note2

Analog input voltage Vain ANI16, ANI17 0 AVrerp \%
and Vob

Notes 1. Excludes quantization error (£1/2 LSB).
2. When AVrere < Vo, the MAX. values are as follows.
Overall error: Add 4.0 LSB to the MAX. value when AVgerr = Vop.

(3) Reference voltage (+) = Voo (ADREFP1 = 0, ADREFPO = 0), Reference voltage (-) = Vss (ADREFM = 0), target
ANI pin : ANIO to ANI5, ANI16, ANI17, internal reference voltage, and temperature sensor output voltage

(TA=-40to +85°C, 2.7 V<Vop £5.5V, Vss = 0 V, Reference voltage (+) = Vop, Reference voltage (-) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 8 10 bit
Overall erroriote AINL 10-bit resolution 27V<Vbb<55V 1.2 +7.0 LSB
Analog input voltage Vain ANIO to ANI5, ANI16, ANI17 0 Vop \%

Internal reference voltage Vacr Note 2 \%
(2.7 V <Vpp £ 5.5V, HS (high-speed main)

mode)

Temperature sensor output voltage V1mpszs Note 2 \Y,
(2.7 V <VbD £5.5V, HS (high-speed main)

mode)

Notes 1. Excludes quantization error (£1/2 LSB).
2. Referto 2.6.2 Temperature sensor/internal reference voltage characteristics.
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(4) When Reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), Reference voltage (-)
= AVrerm/ANI1 (ADREFM = 1), target pin : ANIO to ANI5, ANI16, ANI17

(Ta=-40to0 +85°C, 2.7 V< Vbp < 5.5V, Vss = 0 V, Reference voltage (+) = Veer N°® 1, Reference voltage (-) = AVrerm
=0V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. ‘ TYP. ‘ MAX. Unit
Resolution Res 8 Bit
Analog input voltage Vain 0 ‘ ‘VBGR Note 1 \Y

Notes 1. Referto 2.6.2 Temperature sensor/internal reference voltage characteristics.
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2.6.2 Temperature sensor/internal reference voltage characteristics

(TA=-40to +85°C, 2.7V <Vop <55V, Vss =0V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Vtmeszs | Setting ADS register = 80H, Ta = +25°C 1.05 \%
Internal reference voltage VBGR Setting ADS register = 81H 1.38 1.45 1.5 \%
Temperature coefficient Fvrves | Temperature sensor that depends on the -3.6 mvV/°C
temperature
Operation stabilization wait time tamp 5 1S
2.6.3 POR circuit characteristics

(TA=-40to +85°C, Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VeoR Power supply rise time 1.47 151 1.55 \%
VPDR Power supply fall time 1.46 1.50 1.54 \Y
Minimum pulse widthN°ote Tew 300 s

Note Minimum time required for a POR reset when Voo exceeds below Veor. This is also the minimum time required for
a POR reset from when Voo exceeds below 0.7 V to when Voo exceeds Veor While STOP mode is entered or the
main system clock (fvain) is stopped through setting bit 0 (HIOSTOP) and bit 7 (MSTOP) in the clock operation
status control register (CSC).

Tprw

Supply voltage (Vob)
VPor

Veoror 0.7V
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2.6.4

LVD circuit characteristics

LVD Detection Voltage of Reset Mode and Interrupt Mode
(TA=-40to +85°C, VrorR< VDD £ 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection Supply voltage level Vivoo Power supply rise time 3.98 4.06 4.14
voltage Power supply fall time 3.90 3.98 4.06 \%
Vivb1 Power supply rise time 3.68 3.75 3.82 \
Power supply fall time 3.60 3.67 3.74 \%
Vivb2 Power supply rise time 3.07 3.13 3.19 \%
Power supply fall time 3.00 3.06 3.12 \
Vivbs Power supply rise time 2.96 3.02 3.08 \%
Power supply fall time 2.90 2.96 3.02 \
Vivp4 Power supply rise time 2.86 2.92 2.97 \%
Power supply fall time 2.80 2.86 2.91 \
VLvps Power supply rise time 2.76 2.81 2.87 \
Power supply fall time 2.70 2.75 2.81 \%
Minimum pulse width tw 300 )7
Detection delay time o 300 )7
LVD Detection Voltage of Interrupt & Reset Mode
(Ta=-40to +85°C, VeoR< VDD £ 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset| Vivoco VPOC2, VPOC1, VPOCO =0, 1, 0, falling reset voltage 2.40 2.45 2.50 \%
mode Vivobel LVIS1, LVISO = 1, 0 | Rising release reset voltage| 2.56 2.61 2.66

Falling interrupt voltage 2.50 2.55 2.60 \%
Vivocz LVIS1, LVISO =0, 1 | Rising release reset voltage| 2.66 271 2.76 \
Falling interrupt voltage 2.60 2.65 2.70 \%
Vivoes LVIS1, LVISO =0, 0 |Rising release reset voltage| 3.68 3.75 3.82 \Y
Falling interrupt voltage 3.60 3.67 3.74 \
Vivooo VPOC2, VPOC1, VPOCO =0, 1, 1, falling reset voltage | 2.70 2.75 2.81 \Y
Vivop1 LVIS1, LVISO = 1, 0 | Rising release reset voltage| 2.86 2.92 2.97 \
Falling interrupt voltage 2.80 2.86 291 \%
Vivop2 LVIS1, LVISO =0, 1 | Rising release reset voltage| 2.96 3.02 3.08 \
Falling interrupt voltage 2.90 2.96 3.02 \
VLvop3 LVIS1, LVISO =0, 0 | Rising release reset voltage| 3.98 4.06 4.14 \%
Falling interrupt voltage 3.90 3.98 4.06 \
2.6.5 Power supply voltage rising slope characteristics
(TA=-40to +85°C, Vss =0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Power supply voltage rising slope Svop 54 V/ms

Caution

operating voltage range shown in 2.4 AC Characteristics.

Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the

R19DS0101EJ0100 Rev.1.00
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2.7

(TA=-40to +85°C, Vss =0V)

RAM Data Retention Characteristics

Parameter Symbol

Conditions

MIN.

TYP.

MAX.

Unit

Data retention supply voltage \/pDDR

1.4\

5.5

Note The value depends on the POR detection voltage. When the voltage drops, the data is retained before a POR reset
is effected, but data is not retained when a POR reset is effected.

T

STOP instruction execution

Standby release signal
(interrupt request)

STOP mode

RAM data retention —

Operation mode

VbooR

2.8 Flash Memory Programming Characteristics
(TA=-40to +85°C,2.7V<Vop <55V, Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
CPU/peripheral hardware clock | fcik 27V<Vpbb<55V 1 24 MHz
frequency
Number of code flash rewrites Cerwr Retaining years: 20 years 1,000 Times
Ta=+85°C

Number of data flash rewrites Retaining years: 1 year 1,000,000

Notes 1, 2, 3 Ta=+25°C
Retaining years: 5 years 100,000
Ta=+85°C
Retaining years: 20 years 10,000
Ta=+85°C

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the

rewrite.

2. When using flash memory programmer and Renesas Electronics self programming library.

3. These specifications show the characteristics of the flash memory and the results obtained from Renesas

Electronics reliability testing.

2.9 Dedicated Flash Memory Programmer Communication (UART)
(TA=-40to +85°C,2.7V<Vop <55V, Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During serial programming 115,200 1,000,000 bps

R19DS0101EJ0100 Rev.1.00
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R9A02G015 2. ELECTRICAL SPECIFICATIONS

2.10 Timing Specs for Switching Flash Memory Programming Modes

(TA=-40to +85°C,2.7V<Vop <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
How long from when an external | tsunir POR and LVD reset must end before the 100 ms
reset ends until the initial external reset ends.
communication settings are
specified
How long from when the TOOLO | tsu POR and LVD reset must end before the 10 Hs
pin is placed at the low level until external reset ends.

an external reset ends

How long the TOOLO pin must be | tvo POR and LVD reset must end before the 1 ms
kept at the low level after an external reset ends.
external reset ends

(excluding the processing time of
the firmware to control the flash
memory)

A
A
A
o
A"
A

e

RESETB

:

723 us + tvp

rocessin .
P time g 00H reception

-~ (TOOLRxD, TOOLTxD mode)

3> <d>
= a
i T
' i
: i

TOOLO

tsumir

—
w
[=

<1> The low level is input to the TOOLO pin.

<2> The external reset ends (POR and LVD reset must end before the external reset ends.).

<3> The TOOLO pin is set to the high level.

<4> Setting of the flash memory programming mode by UART reception and complete the baud
rate setting.

Remark tsunit: The segment shows that it is necessary to finish specifying the initial communication settings
within 100 ms from when the resets end.
ts:  How long from when the TOOLO pin is placed at the low level until an external reset ends

tuo:  How long to keep the TOOLDO pin at the low level from when the external and internal resets
end (excluding the processing time of the firmware to control the flash memory)
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3. PACKAGE DRAWINGS

32-pin QFN (4 x 4 mm)

JEITA Package Code RENESAS Code MASS (Typ. ) [g]
P-HVQFN32-4 x 4-0. 40 PVQNO0032LD-A 0.04
B ) E ™ |aca|C|B
| y|aaalC !l.l
| \ N s
l )l 2
| / V<
—-—— +-— — o 5'_\_| | 1Y v
| z 2
N
N P
Y | DETAIL OF (A) PART

\

[A
M -
INDEX MARK\ v

=] } =

! E— -
- )
\_(\A/ Reference | Dimension in Millimeters
Symbol ,
NoEr I | E2 _ $|fﬁ@|o|A|B‘ Min. | Nom. | Max.
A — | — [o.900
N\ 2 |_|i|_| T g EXPOSED DIE PAD Al - — 10.050
N —
2N [ e Aa Jtl?|fff®|C|A|B| A2 0.650 | 0. 700
= | = A3 — l0.203 -
— | = b |0.150| — [0.250
=N - e — 4 —
- ! ]
- | ] D2 — | 2.650  —
AN S S S
| -
- r2/|-¢| ! "’ E2 - 2.650 -
L 0.350 | 0.400 | 0. 450
b| g bbb® |C|A|B] L1 [0.307 | 0.382 [ 0.407
ddd@|C| le] | — |o0400 -
aaa - — 1 0.100
bbb - — 10.100
GCe - - 0.100
ddd - - 0. 050
eee - - 0. 050
fff - - 0.100
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SuperFlash(R) is a registered trademark of Silicon Storage Technology, Inc. in several countries including the
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NOTE) This product uses SuperFlash(R) technology licensed from Silicon Storage Technology, inc.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by

you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or

arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application

examples.
3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by

you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the

product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic

equipment; industrial robots; etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all

liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user's manual or

other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation

characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified

ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult

and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and
sufficiently investigating applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics

products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable

laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws

or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.
1

4

party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third

(Rev.4.0-1 November 2017)
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