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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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23.8.1   Program/
Program-Verify

Figure 23.11
Program/Program-
Verify Flowchart

625 Figure 23.11 amended
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Section of “Masked ROM” deleted

Section 24   Clock
Pulse Generator

Figure 24.1   Block
Diagram of Clock
Pulse Generator

633 Figure 24.1 amended

(Before) φ2 to f32 →  (After) φ2 to φ32

24.5   Subclock Input
Circuit

639 Description of “When Subclock Is Not Needed” and “Note on
Subclock Usage” added

25.1.1   Standby
Control Register
(SBYCR)

643 Table amended

… SCK2 to SCK0 must be cleared to B'000.
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7.2.8 DTC Vector Register (DTVECR)

DTVECR enables or disables DTC activation by software, and sets a vector number for the
software activation interrupt.

DTVECR is initialized to H'00 at a reset and in hardware standby mode.

Bit Bit Name Initial Value R/W Description

7 SWDTE 0 R/W DTC Software Activation Enable

Setting this bit to 1 activates DTC. Only 1 can always be
written to this bit. 0 can be written to after reading 1
from this bit.

[Clearing conditions]

•  When the DISEL bit is 0 and the specified number of
transfers have not ended.

•  When 0 is written to the DISEL bit after a software-
activated data transfer end interrupt (SWDTEND)
request has been sent to the CPU.

[Holding conditions]

•  When the DISEL bit is 1 and data transfer has
ended

•  When the specified number of transfers have ended.

•  During data transfer activated by software

6

5
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3

2

1

0

DTVEC6

DTVEC5

DTVEC4

DTVEC3

DTVEC2

DTVEC1

DTVEC0

0

0

0

0

0

0

0

R/W

R/W

R/W

R/W

R/W

R/W

R/W

DTC Software Activation Vectors 6 to 0

These bits specify a vector number for DTC software
activation.

The vector address is expressed as H'0400 + (vector
number × 2). For example, when DTVEC6 to DTVEC0 =
H'10, the vector address is H'0420. When the SWDTE
bit is 0, these bits can be written to.
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•  P66/FTOB/CIN6/KIN6/IRQ6
The pin function is switched as shown below according to the combination of the OEB bit in
TOCR of the FRT and the P66DDR bit.

OEB 0 1

P66DDR 0 1 —

P66 input pin P66 output pin FTOB output pinPin Function

IRQ6 input pin, KIN6 input pin, CIN6 input pin*

Note: * This pin is used as the IRQ6 input pin when bit IRQ6E is set to 1 in IER while the
KMIMR6 bit in KMIMR is 0. It can always be used as the KIN6 or CIN6 input pin.

•  P65/FTID/CIN5/KIN5

P65DDR 0 1

P65 input pin P65 output pinPin Function

FTID input pin, KIN5 input pin, CIN5 input pin*

Note: * This pin can always be used as the FTID, KIN5, or CIN5 input pin.

•  P64/FTIC/CIN4/KIN4/CLAMPO

The pin function is switched as shown below according to the combination of the CLOE bit in
TCONRO of the timer connection function and the P64DDR bit.

CLOE 0 1

P64DDR 0 1 —

P64 input pin P64 output pin CLAMPO output pinPin Function

FTIC input pin, KIN4 input pin, CIN4 input pin*

Note: * This pin can always be used as the FTIC, KIN4, or CIN4 input pin.

•  P63/FTIB/CIN3/KIN3/VFBACKI

P63DDR 0 1

P63 input pin P63 output pinPin Function

FTIB input pin, VFBACKI input pin, KIN3 input pin, CIN3 input pin*

Note: * This pin can always be used as the FTIB, KIN3, CIN3, or VFBACKI input pin.
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•  P62/FTIA/CIN2/KIN2/VSYNCI/TMIY

P62DDR 0 1

P62 input pin P62 output pinPin Function

FTIA input pin, VSYNCI input pin, TMIY input pin, KIN2 input pin,
CIN2 input pin*

Note: * This pin can always be used as the FTIA, TMIY, KIN2, CIN2, or VSYNCI input pin.

•  P61/FTOA/CIN1/KIN1/VSYNCO

The pin function is switched as shown below according to the combination of the OEA bit in
TOCR of the FRT, the VOE bit in TCONRO of the timer connection function, and the
P61DDR bit.

VOE 0 1

OEA 0 1 —

P61DDR 0 1 — —

P61 input pin P61 output pin FTOA output pin VSYNCO output
pin

Pin Function

KIN1 input pin, CIN1 input pin*

Note: * When this pin is used as the VSYNCO pin, bit OEA in TOCR of the FRT must be
cleared to 0. This pin can always be used as the KIN1 or CIN1 input pin.

•  P60/FTCI/CIN0/KIN0/HFBACKI/TMIX

P60DDR 0 1

P60 input pin P60 output pinPin Function

FTCI input pin, HFBACKI input pin, TMIX input pin, KIN0 input pin,
CIN0 input pin*

Note: * This pin is used as the FTCI input pin when an external clock is selected with bits CKS1
and CKS0 in TCR of the FRT. It can always be used as the TMIX, KIN0, CIN0, or
HFBACKI input pin.
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8.15.4 Port E and Port F Nch-OD Control Register (PENOCR, PFNOCR)

PENOCR and PFNOCR specify the output driver type for pins on ports E and F which are
configured as outputs on a bit-by-bit basis.

Bit Bit Name Initial Value R/W Description

7 PE7NOCR 0 R/W

6 PE6NOCR 0 R/W

5 PE5NOCR 0 R/W

4 PE4NOCR 0 R/W

3 PE3NOCR 0 R/W

2 PE2NOCR 0 R/W

1 PE1NOCR 0 R/W

0 PE0NOCR 0 R/W

0: CMOS (p-channel driver enabled)

1: N-channel open drain (p-channel driver
disabled)

Bit Bit Name Initial Value R/W Description

7 PF7NOCR 0 R/W

6 PF6NOCR 0 R/W

5 PF5NOCR 0 R/W

4 PF4NOCR 0 R/W

3 PF3NOCR 0 R/W

2 PF2NOCR 0 R/W

1 PF1NOCR 0 R/W

0 PF0NOCR 0 R/W

0: CMOS (p-channel driver enabled)

1: N-channel open drain (p-channel driver
disabled)

8.15.5 Pin Functions

DDR 0 1

NOCR — 0 1

ODR 0 1 0 1 0 1

N-ch. driver OFF ON OFF ON OFF

P-ch. driver OFF OFF ON OFF

Input pull-up MOS OFF ON OFF

Pin function Input pin Output pin
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9.4 Operation

The upper four bits of PWDR specify the duty cycle of the basic pulse as 0/16 to 15/16 with a
resolution of 1/16. Table 9.4 shows the duty cycles of the basic pulse.

Table 9.4 Duty Cycle of Basic Pulse

0 1 2 3 4 5 6 7 8 9 A B C D E F 0

Upper 4 Bits Basic Pulse Waveform (Internal)

0 0 0 0

0 0 0 1

0 0 1 0

0 0 1 1

0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 0

1 0 0 1

1 0 1 0

1 0 1 1

1 1 0 0

1 1 0 1

1 1 1 0

1 1 1 1

The lower four bits of PWDR specify the position of pulses added to the 16 basic pulses. An
additional pulse adds a high period (when OS = 0) with a width equal to the resolution before the
rising edge of a basic pulse. When the upper four bits of PWDR are 0000, there is no rising edge
of the basic pulse, but the timing for adding pulses is the same. Table 9.5 shows the positions of
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9.5 Usage Note

9.5.1 Module Stop Mode Setting

PWM operation can be enabled or disabled using the module stop control register. The initial
setting is for PWM operation to be halted. Register access is enabled by canceling the module stop
mode. For details, refer to section 26, Power-Down Modes.
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φ

Figure 11.12   Timing of Output Compare Flag (OCFA or OCFB) Setting

11.5.8 Timing of FRC Overflow Flag Setting

The FRC overflow flag (OVF) is set to 1 when FRC overflows (changes from H'FFFF to H'0000).
Figure 11.13 shows the timing of setting the OVF flag.

Overflow signal

FRC H'FFFF H'0000

OVF

φ

Figure 11.13   Timing of Overflow Flag (OVF) Setting
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Figure 16.1 shows a block diagram of the I2C bus interface. Figure 16.2 shows an example of I/O
pin connections to external circuits. Since I2C bus interface I/O pins are different in structure from
normal port pins, they have different specifications for permissible applied voltages. For details,
see section 28, Electrical Characteristics.

φ

SCL

PS

Noise
canceler

Bus state
decision
circuit

Arbitration
decision
circuit

Output data
control
circuit

ICCR

Clock
control

ICXR

ICMR

ICSR

ICDRS

Address
comparator

SAR, SARX

SDA

Noise
canceler

Interrupt
generator Interrupt 

request

In
te

rn
al

 d
at

a 
bu

s

ICDRR

ICDRT

Formatless dedicated
clock (IIC_0 only)

Legend:
ICCR: 
ICMR:
ICSR: 
ICDR:
ICXR: 
SAR: 
SARX:
PS:

I2C bus control register
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Figure 16.1   Block Diagram of I2C Bus Interface
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transfer using the DTC. The ICDRE or ICDRF flag is cleared, however, since the specified
number of ICDR reads or writes have been completed.

Tables 16.4 and 16.5 show the relationship between the flags and the transfer states.

Table 16.4 Flags and Transfer States (Master Mode)

MST TRS BBSY ESTP STOP IRTR AASX AL AAS ADZ ACKB ICDRF ICDRE State

1 1 0 0 0 0 0↓ 0 0↓ 0↓ 0 — 0 Idle state (flag clearing
required)

1 1 1↑ 0 0 1↑ 0 0 0 0 0 — 1↑ Start condition detected

1 — 1 0 0 — 0 0 0 0 — — — Wait state

1 1 1 0 0 — 0 0 0 0 1↑ — — Transmission end
(ACKE=1 and ACKB=1)

1 1 1 0 0 1↑ 0 0 0 0 0 — 1↑ Transmission end with
ICDRE=0

1 1 1 0 0 — 0 0 0 0 0 — 0↓ ICDR write with the above
state

1 1 1 0 0 — 0 0 0 0 0 — 1 Transmission end with
ICDRE=1

1 1 1 0 0 — 0 0 0 0 0 — 0↓ ICDR write with the above
state or after start
condition detected

1 1 1 0 0 1↑ 0 0 0 0 0 — 1↑ Automatic data transfer
from ICDRT to ICDRS with
the above state

1 0 1 0 0 1↑ 0 0 0 0 — 1↑ — Reception end with
ICDRF=0

1 0 1 0 0 — 0 0 0 0 — 0↓ — ICDR read with the above
state

1 0 1 0 0 — 0 0 0 0 — 1 — Reception end with
ICDRF=1

1 0 1 0 0 — 0 0 0 0 — 0↓ — ICDR read with the above
state

1 0 1 0 0 1↑ 0 0 0 0 — 1↑ — Automatic data transfer
from ICDRS to ICDRR
with the above state

0↓ 0↓ 1 0 0 — 0 1↑ 0 0 — — — Arbitration lost

1 — 0↓ 0 0 — 0 0 0 0 — — 0↓ Stop condition detected

Legend:

0: 0-state retained

1: 1-state retained

—: Previous state retained

0↓ : Cleared to 0

1↑ : Set to 1
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16.4.6 Slave Transmit Operation

If the slave address matches to the address in the first frame (address reception frame) following
the start condition detection when the 8th bit data (R/W) is 1 (read), the TRS bit in ICCR is
automatically set to 1 and the mode changes to slave transmit mode.

Figure 16.24 shows the sample flowchart for the operations in slave transmit mode.

End

Write transmit data in ICDR

Clear IRIC in ICCR

Clear IRIC in ICCR

Clear ACKE to 0 in ICCR
(ACKB=0 clear)

Clear IRIC in ICCR

Read IRIC in ICCR

Read ACKB in ICSR

Set TRS = 0 in ICCR

Read ICDR

Read IRIC in ICCR

IRIC = 1?

Yes

Yes

No

No

IRIC = 1?

Yes

No

[1], [2] If the slave address matches to the address in the first frame 
           following the start condition detection and the R/W bit is 1 
           in slave recieve mode, the mode changes to slave transmit mode.

[8] Set slave receive mode.

[6] Read IRIC in ICCR

[7] Clear acknowledge bit data

[9] Dummy read (to release the SCL line).

[10]  Wait for stop condition

[3], [5] Set transmit data for the second and subsequent bytes.

[3], [4] Wait for 1 byte to be transmitted.

[4] Determine end of transfer.

Slave transmit mode

End 
of transmission
(ACKB = 1)?

Clear IRIC in ICCR

Figure 16.24   Sample Flowchart for Slave Transmit Mode
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R/W

Bit Bit Name Initial Value Slave Host Description

6 CLKREQ 0 R — LCLK Request

Indicates that the host interface’s SERIRQ output is
requesting a restart of LCLK.

0: No LCLK restart request

[Clearing conditions]

•  LPC hardware reset or LPC software reset

•  LPC hardware shutdown or LPC software
shutdown

•  SERIRQ is set to continuous mode

•  There are no further interrupts for transfer to the
host in quiet mode

1: LCLK restart request issued

[Setting condition]

In quiet mode, SERIRQ interrupt output becomes
necessary while LCLK is stopped

5 IRQBSY 0 R — SERIRQ Busy

Indicates that the host interface’s SERIRQ signal is
engaged in transfer processing.

0: SERIRQ transfer frame wait state

[Clearing conditions]

•  LPC hardware reset or LPC software reset

•  LPC hardware shutdown or LPC software
shutdown

•  End of SERIRQ transfer frame

1: SERIRQ transfer processing in progress

[Setting condition]

Start of SERIRQ transfer frame
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Section 23   ROM

This LSI has an on-chip flash memory. The features of the flash memory are summarized below.

A block diagram of the flash memory is shown in figure 23.1.

23.1 Features

•  Size

Product Classification RAM Capacitance RAM Address

H8S/2161B 128 kbytes H'000000–H'01FFFF (mode 2)
H'0000–H'DFFF (mode 3)

H8S/2160B 64 kbytes H'000000–H'00FFFF (mode 2)
H'0000–H'DFFF (mode 3)

H8S/2141B 128 kbytes H'000000–H'01FFFF (mode 2)
H'0000–H'DFFF (mode 3)

H8S/2140B 64 kbytes H'000000–H'00FFFF (mode 2)
H'0000–H'DFFF (mode 3)

H8S/2145B 256 kbytes H'000000–H'03FFFF (mode 2)
H'0000–H'DFFF (mode 3)

H8S/2148B 128 kbytes H'000000–H'01FFFF (mode 2)
H'0000–H'DFFF (mode 3)

•  Programming/erase methods

The flash memory is programmed 128 bytes at a time. Erase is performed in single-block units.
The flash memory is configured as follows:

  64-kbyte version: 8 kbytes × 2 blocks, 16 kbytes × 1 block, 28 kbytes × 1 block, and 1
kbyte × 4 blocks

  128-kbyte version: 32 kbytes × 2 blocks, 8 kbytes × 2 blocks, 16 kbytes × 1 block, 28
kbytes × 1 block, and 1 kbyte × 4 blocks

  256-kbyte version: 64 kbytes × 3 blocks, 32 kbytes × 1 block, and 4 kbytes × 8 blocks.

To erase the entire flash memory, each block must be erased in turn.

•  Programming/erase time

It takes 10 ms (typ.) to program the flash memory 128 bytes at a time; 80 µs (typ.) per 1 byte.
Erasing one block takes 100 ms (typ.).

ROMF254A_010020020700
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23.5.2 Flash Memory Control Register 2 (FLMCR2)

FLMCR2 monitors the state of flash memory programming/erasing protection (error protection)
and sets up the flash memory to transit to programming/erasing mode. FLMCR2 is initialized to
H'00 by a reset or in hardware standby mode. The ESU and PSU bits are cleared to 0 in software
standby mode, sub-active mode, sub-sleep mode, or watch mode, or when the SWE bit in
FLMCR1 is cleared to 0.

Bit Bit Name Initial Value R/W Description

7 FLER 0 R Flash memory error

Indicates that an error has occurred during flash
memory programming/erasing. When this bit is set
to 1, flash memory goes to the error-protection
state.

For details, see section 23.9.3, Error Protection.

6 to 2 — All 0 R/(W) Reserved

The initial values should not be modified.

1 ESU 0 R/W Erase Setup

When this bit is set to 1 while SWE = 1, the flash
memory transits to the erase setup state. When it is
cleared to 0, the erase setup state is cancelled. Set
this bit to 1 before setting the E bit in FLMCR1 to 1.

0 PSU 0 R/W Program Setup

When this bit is set to 1 while SWE = 1, the flash
memory transits to the program setup state. When it
is cleared to 0, the program setup state is cancelled.
Set this bit to 1 before setting the P bit in FLMCR1
to 1.
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Table 27.7 Bus Timing (2) (Advanced Mode)

Conditions: VCC = 2.7 V to 3.6 V, VCCB = 2.7 V to 5.5 V, VSS = 0 V, φ = 2 MHz to maximum
operating frequency, Ta = –20 to +75°C

Condition

10 MHz

Item Symbol Min Max Unit
Test
Conditions

Address delay time tAD — 60 ns

Address setup time tAS 0.5 × tcyc – 30 — ns

Address hold time tAH 0.5 × tcyc – 20 — ns

CS delay time (IOS) tCSD — 60 ns

AS delay time tASD — 60 ns

RD delay time 1 tRSD1 — 60 ns

RD delay time 2 tRSD2 — 60 ns

Read data setup time tRDS 35 — ns

Read data hold time tRDH 0 — ns

Read data access time 1 tACC1 — 1.0 × tcyc – 80 ns

Read data access time 2 tACC2 — 1.5 × tcyc – 50 ns

Read data access time 3 tACC3 — 2.0 × tcyc – 80 ns

Read data access time 4 tACC4 — 2.5 × tcyc – 50 ns

Read data access time 5 tACC5 — 3.0 × tcyc – 80 ns

HWR, LWR delay time 1 tWRD1 — 60 ns

HWR, LWR delay time 2 tWRD2 — 60 ns

HWR, LWR pulse width 1 tWSW1 1.0 × tcyc – 40 — ns

HWR, LWR pulse width 2 tWSW2 1.5 × tcyc – 40 — ns

Write data delay time tWDD — 60 ns

Write data setup time tWDS 0 — ns

Write data hold time tWDH 20 — ns

WAIT setup time tWTS 60 — ns

WAIT hold time tWTH 10 — ns

Figures 27.11
to 27.15
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Table 27.17 DC Characteristics (4)

Conditions: VCC = 4.0 V to 5.5 V, VCCB = 4.0 V to 5.5 V, AVCC
*1 = 4.0 V to 5.5 V,

AVref
*1 = 4.0 V to AVCC, VSS = AVSS

*1 = 0 V, Ta = –20 to +75°C (normal specification
product), Ta = –40 to +85°C (wide range temperature specification product)

Item Symbol Min Typ Max Unit
Test
Conditions

RES — — 10.0

STBY, NMI, MD1,
MD0

— — 1.0

Vin = 0.5 to
VCC – 0.5 V

Input
leakage
current

Port 7

 Iin

— — 1.0

µA

Vin = 0.5 to
AVCC – 0.5 V

Three-state
leakage
current
(off state)

Ports 1 to 6, 8, 9,
A*4, B

 ITSI — — 1.0 µA Vin = 0.5 to
VCC – 0.5 V,
Vin = 0.5 to
VCCB – 0.5 V

Ports 1 to 3 30 — 300

Ports A*4, B,
6 (P6PUE = 0)

60 — 600

Port 6
(P6PUE = 1)

15 — 200

µA Vin = 0 V,
VCC = 4.5 V
to 5.5 V,
VCCB = 4.5 V
to 5.5 V

Ports 1 to 3 20 — 200

Ports A*4, B,
6 (P6PUE = 0)

40 — 500

Input pull-up
MOS current

Port 6
(P6PUE = 1)

–IP

10 — 150

µA Vin = 0 V,
VCC = 4.0 V
to 4.5 V,
VCCB = 4.0 V
to 4.5 V

RES — — 80

NMI — — 50

P52, P97, P42,
P86, PA7 to PA2

(4)

— — 20

Input
capacitance

Input pins except (4)
above

Cin

— — 15

pF Vin = 0 V,
f = 1 MHz,
Ta = 25°C

Normal operation — 45 58 mA f = 16 MHz

Sleep mode — 30 46 mA f = 16 MHz

— 1.0 5.0 Ta ≤ 50°C

Current
dissipation*2

Standby mode*3

ICC

— — 20.0

µA

50°C < Ta
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Table 27.28 A/D Conversion Characteristics
(CIN15 to CIN0 Input: 134/266-State Conversion)

Condition A: VCC = 5.0 V ±10%, AVCC = 5.0 V ±10%, AVref = 4.5 V to AVCC,
VSS = AVSS = 0 V, φ = 2 MHz to maximum operating frequency,
Ta = –20 to +75°C (normal specification product),
Ta = –40 to +85°C (wide range temperature specification product)

Condition B: VCC = 4.0 V to 5.5 V, AVCC = 4.0 V to 5.5 V, AVref = 4.0 V to AVCC,
VSS = AVSS = 0 V, φ = 2 MHz to maximum operating frequency,
Ta = –20 to +75°C (normal specification product),
Ta = –40 to +85°C (wide range temperature specification product)

Condition C: VCC = 3.0 V to 3.6 V*4, AVCC = 3.0 V to 3.6 V*4, AVref = 3.0 V to AVCC
*4,

VCCB = 3.0 V to 5.5 V*4, VSS = AVSS = 0 V, φ = 2 MHz to maximum operating
frequency, Ta = –20 to +75°C

Condition C Condition B Condition A

10 MHz 16 MHz 20 MHz

Item Min Typ Max Min Typ Max Min Typ Max Unit

Resolution 10 10 10 10 10 10 10 10 10 bits

Conversion time*3 — — 13.4 — — 8.4 — — 6.7 µs

Analog input
capacitance

— — 20 — — 20 — — 20 pF

10*1 10*1Permissible signal-
source impedance

— — 5 — —

5*2

— —

5*2

kΩ

Nonlinearity error — — ±11.0 — — ±5.0 — — ±5.0 LSB

Offset error — — ±11.5 — — ±5.5 — — ±5.5 LSB

Full-scale error — — ±11.5 — — ±5.5 — — ±5.5 LSB

Quantization error — — ±0.5 — — ±0.5 — — ±0.5 LSB

Absolute accuracy — — ±12.0 — — ±6.0 — — ±6.0 LSB

Notes: 1. When conversion time ≥ 11.17 µs (CKS = 0, or φ ≤ 12 MHz at CKS = 1)
2. When conversion time < 11.17 µs (φ > 12 MHz at CKS = 1)
3. At the maximum operating frequency in single mode.
4. When using CIN, ensure that VCC = 3.0 V to 3.6 V, AVCC = 3.0 V to 3.6 V, AVref = 3.0 V to

3.6 V, VCCB = 3.0 V to 5.5 V.
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27.2.6 Flash Memory Characteristics

Table 27.30 shows the flash memory characteristics.

Table 27.30 Flash Memory Characteristics (Operation Range at Programming/Erasing)

5-V version conditions: VCC = 4.0 V to 5.5 V, VSS = 0 V, Ta = –20 to +75°C (normal specification
product), Ta = –40 to +85°C (wide range temperature specification
product)

3-V version conditions: VCC = 3.0 V to 3.6 V, VSS = 0 V, Ta = –20 to +75°C

Item Symbol Min Typ Max Unit
Test
Condition

Programming time*1 *2 *4 tP — 10 200 ms/
128 bytes

Erase time*1 *3 *6 tE — 100 1200 ms/block

Reprogramming count NWEC — — 100 times

Wait time after SWE-bit setting*1 x 1 — — µs

Wait time after PSU-bit setting*1 y 50 — — µs

z1 28 30 32 µs 1 ≤ n ≤ 6

z2 198 200 202 µs 7 ≤ n ≤ 1000

Wait time after P-bit setting*1 *4

z3 8 10 12 µs Additional
write

Wait time after P-bit clear*1 α 5 — — µs

Wait time after PSU-bit clear*1 β 5 — — µs

Wait time after PV-bit setting*1 γ 4 — — µs

Wait time after dummy write*1 ε 2 — — µs

Wait time after PV-bit clear*1 η 2 — — µs

Wait time after SWE-bit clear*1 θ 100 — — µs

Programming

Maximum programming
count*1 *4 *5

N — — 1000 times

Wait time after SWE-bit setting*1 x 1 — — µs

Wait time after ESU-bit setting*1 y 100 — — µs

Wait time after E-bit setting*1 *6 z 10 — 100 ms

Wait time after E-bit clear*1 α 10 — — µs

Wait time after ESU-bit clear*1 β 10 — — µs

Wait time after EV-bit setting*1 γ 20 — — µs

Wait time after dummy write*1 ε 2 — — µs

Wait time after EV-bit clear*1 η 4 — — µs

Wait time after SWE-bit clear*1 θ 100 — — µs

Erase

Maximum erase count*1 *6 *7 N — — 120 times
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φ

NMI

Note:  i = 0 to 2, 6, 7

IRQi

tOSC2

Figure 27.8   Oscillation Setting Timing (Exiting Software Standby Mode)


