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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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 TMP86FS49BFG
Differences in Electrical Characteristics

Note 1: With the 86CS49, the operating temperature (Topr) is  -20 °C to 85 °C when the supply voltage VDD is less than 
2.0 V.  

Note 2: With the 86FS49, the supply voltage VDD is specified as two separate ranges. While the MCU is operating, do not 
change the supply voltage from range (a) to range (b) or from range (b) to range (a).

Note 3: With the 86FS49A, the operating temperature (Topr) is  -20 °C to 85 °C when the supply voltage VDD is less than 
3.0 V.

Note 4: With the 86FS49A/B, when a program is executing in the Flash memory or when data is being read from the Flash 
memory, the Flash memory operates in an intermittent manner causing peak currents in the Flash memory 
momentarily, as shown in Figure. In this case, the supply current IDD (in NORMAL1, NORMAL2 and SLOW1 
modes) is defined as the sum of the average peak current and MCU current. 

Note 5: About the measurement condition of supply current, VIL level of TEST pin is deffrent between 86FS49B and the 
other 86xx49 series MCUs. 
The supply current is defined as follows;  VIL of TEST pin :  VIL ≤ 0.1V (86FS49B), VIL ≤ 0.2V (others)  
It is described in the section "Electrical characteristics" of TMP86FS49B in detail.  
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 (a) 1.8V to 5.5V (-40 to 85°C) (a) 2.0V to 5.5V (-40 to 85°C) (a) 4.5V to 5.5V (-40 to 85°C) (a) 3.0V to 5.5V (-40 to 85°C) (a) 2.7V to 5.5V (-40 to 85°C)
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 86CH49

 86CM49 86CS49 86FS49 86FS49A 86FS49B

 86PM49

 - -  (a) 4.5V to 5.5V (-10 to 40°C) 

 - -  (a) 4.5V to 5.5V (-10 to 40°C) 

 - - 

 - - 

 (Note 4)O
p
e
ra

ti
n
g

C
u
rr

e
n
t

O
p
e
ra

ti
n
g
 c

o
n
d
it
io

n

(S
e
ri
a
l 
P

R
O

M
 m

o
d
e
)

E
ra

s
e
 /
 P

ro
g
ra

m
R

e
a
d
 /
 F

e
tc

h

O
p
e
ra

ti
n
g
 c

o
n
d
it
io

n
 (

M
C

U
 m

o
d
e
)

Operating current varies with each product. For details, refer to the datasheet (electrical characteristics) of each product. (Note 5)

nProgram counter (PC) n+1 n+2 n+3

1 machine cycle (4/fc or 4/fs)

MCU current

I
[mA]

DDP-P

Typ. current

Momentary Flash current

Max. current Sum of average momentary 

Flash current and MCU current

Intermittent Operation of Flash Memory













 TMP86FS49BFG
 6.3.4 Address Trap Reset

While WDTCR1<ATOUT> is “1”,  if the CPU should start looping for some cause such as noise and an
attempt be made to fetch an instruction from the on-chip RAM (while WDTCR1<ATAS> is “1”), DBR or the
SFR area, address trap reset will be generated.

When an address trap reset request is generated, the internal hardware is reset. The reset time is maximum
24/fc [s] (1.5 µs @ fc = 16.0 MHz).

Note:When an address trap reset is generated in the SLOW1 mode, the reset time is maximum 24/fc (high-fre-
quency clock) since the high-frequency clock oscillator is restarted. However, when crystals have inaccura-
cies upon start of the high-frequency clock oscillator, the reset time should be considered as an approximate 
value because it has slight errors. 
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 8. 16-Bit TimerCounter 1 (TC1)
 8.2 TimerCounter Control

 TMP86FS49BFG
 8.2 TimerCounter Control
The TimerCounter 1 is controlled by the TimerCounter 1 control register (TC1CR) and two 16-bit timer registers

(TC1DRA and TC1DRB).   

Note 1: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz]
Note 2: The timer register consists of two shift registers. A value set in the timer register becomes valid at the rising edge of the 

first source clock pulse that occurs after the upper byte (TC1DRAH and TC1DRBH) is written. Therefore, write the lower 
byte and the upper byte in this order (it is recommended to write the register with a 16-bit access instruction). Writing only 
the lower byte (TC1DRAL and TC1DRBL) does not enable the setting of the timer register.

Note 3: To set the mode, source clock, PPG output control and timer F/F control, write to TC1CR during TC1S=00. Set the timer F/
F1 control until the first timer start after setting the PPG mode.

Timer Register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TC1DRA
(0011H, 0010H)

TC1DRAH (0011H) TC1DRAL (0010H)

(Initial value:  1111  1111  1111  1111) Read/Write

TC1DRB
(0013H, 0012H)

TC1DRBH (0013H) TC1DRBL (0012H)

(Initial value:  1111  1111  1111  1111) Read/Write (Write enabled only in the PPG output mode)

TimerCounter 1 Control Register

TC1CR
(0026H)

7 6 5 4 3 2 1 0

TFF1

ACAP1
MCAP1
METT1
MPPG1

TC1S TC1CK TC1M
Read/Write
(Initial value: 0000  0000)

TFF1 Timer F/F1 control 0: Clear 1: Set R/W

ACAP1 Auto capture control 0:Auto-capture disable 1:Auto-capture enable

R/W

MCAP1
Pulse width measure-
ment mode control

0:Double edge capture 1:Single edge capture

METT1
External trigger timer 
mode control

0:Trigger start 1:Trigger start and stop

MPPG1 PPG output control 0:Continuous pulse generation 1:One-shot

TC1S TC1 start control

Timer
Extrig-

ger
Event

Win-
dow

Pulse PPG

R/W

00: Stop and counter clear O O O O O O

01: Command start O – – – – O

10: Rising edge start
                               (Ex-trigger/Pulse/PPG)
      Rising edge count (Event)
      Positive logic count (Window)

– O O O O O

11: Falling edge start 
                               (Ex-trigger/Pulse/PPG)
      Falling edge count (Event)
      Negative logic count (Window)

– O O O O O

TC1CK
TC1 source clock select 
[Hz]

NORMAL1/2, IDLE1/2 mode
Divider

SLOW, 
SLEEP
mode

R/W

DV7CK = 0 DV7CK = 1

00 fc/211 fs/23 DV9 fs/23

01 fc/27 fc/27 DV5 –

10 fc/23 fc/23 DV1 –

11 External clock (TC1 pin input)

TC1M
TC1 operating mode 
select

00: Timer/external trigger timer/event counter mode
01: Window mode
10: Pulse width measurement mode
11: PPG (Programmable pulse generate) output mode

R/W
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 8. 16-Bit TimerCounter 1 (TC1)
 8.3 Function

 TMP86FS49BFG
Figure 8-6  Pulse Width Measurement Mode
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 TMP86FS49BFG
 10.3.4 8-Bit Pulse Width Modulation (PWM) Output Mode (TC3, 4)

This mode is used to generate a pulse-width modulated (PWM) signals with up to 8 bits of resolution. The
up-counter counts up using the internal clock. 

When a match between the up-counter and the PWREGj value is detected, the logic level output from the
timer F/Fj is switched to the opposite state. The counter continues counting. The logic level output from the
timer F/Fj is switched to the opposite state again by the up-counter overflow, and the counter is  cleared. The
INTTCj interrupt request is generated at this time.

Since the initial value can be set to the timer F/Fj by TCjCR<TFFj>, positive and negative pulses can be gen-
erated. Upon reset, the timer F/Fj is cleared to 0.

(The logic level output from the PWMj pin is the opposite to the timer F/Fj logic level.)

Since PWREGj in the PWM mode is serially connected to the shift register, the value set to PWREGj can be
changed while the timer is running. The value set to PWREGj during a run of the timer is shifted by the
INTTCj interrupt request and loaded into PWREGj. While the timer is stopped, the value is shifted immedi-
ately after the programming of PWREGj. If executing the read instruction to PWREGj during PWM output,
the value in the shift register is read, but not the value set in PWREGj. Therefore, after writing to PWREGj, the
reading data of PWREGj is previous value until INTTCj is generated.

For the pin used for PWM output, the output latch of the I/O port must be set to 1.

Note 1: In the PWM mode, program the timer register PWREGj immediately after the INTTCj interrupt request is 
generated (normally in the INTTCj interrupt service routine.) If the programming of PWREGj and the inter-
rupt request occur at the same time, an unstable value is shifted, that may result in generation of the pulse 
different from the programmed value until the next INTTCj interrupt request is generated.

Note 2: When the timer is stopped during PWM output, the PWMj pin holds the output status when the timer is 
stopped. To change the output status, program TCjCR<TFFj> after the timer is stopped. Do not change the 
TCjCR<TFFj> upon stopping of the timer.
Example: Fixing the PWMj pin to the high level when the TimerCounter is stopped
CLR  (TCjCR).3: Stops the timer.
CLR  (TCjCR).7: Sets the PWMj  pin to the high level.

Note 3: To enter the STOP mode during PWM output, stop the timer and then enter the STOP mode. If the STOP 
mode is entered without stopping the timer when fc, fc/2 or fs is selected as the source clock, a pulse is out-
put from the PWMj pin during the warm-up period time after exiting the STOP mode.

Note 4: j = 3, 4

Table 10-5  PWM Output Mode

Source Clock Resolution Repeated Cycle

NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2

 mode
fc = 16 MHz fs = 32.768 kHz fc = 16 MHz fs = 32.768 kHz

DV7CK = 0 DV7CK = 1

fc/211  [Hz] fs/23 [Hz] fs/23 [Hz] 128 µs 244.14 µs 32.8 ms 62.5 ms

fc/27 fc/27 – 8 µs – 2.05 ms –

fc/25 fc/25 – 2 µs – 512 µs –

fc/23 fc/23 – 500 ns – 128 µs –

fs   fs fs 30.5 µs 30.5 µs 7.81 ms 7.81 ms

fc/2 fc/2 – 125 ns – 32 µs –

  fc   fc – 62.5 ns – 16 µs –
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 TMP86FS49BFG
CLR  (TC6CR).3: Stops the timer.
CLR  (TC6CR).7 : Sets the PWM6 pin to the high level.

Note 3: To enter the STOP mode, stop the timer and then enter the STOP mode. If the STOP mode is entered with-
out stopping of the timer when fc, fc/2 or fs is selected as the source clock, a pulse is output from the PWM6 
pin during the warm-up period time after exiting the STOP mode.

Table 11-7  16-Bit PWM Output Mode

Source Clock Resolution Repeated Cycle

NORMAL1/2, IDLE1/2 mode SLOW1/2,
SLEEP1/2

mode
fc = 16 MHz fs = 32.768 kHz fc = 16 MHz fs = 32.768 kHz

DV7CK = 0 DV7CK = 1

fc/211 fs/23 [Hz] fs/23 [Hz] 128 µs 244.14 µs 8.39 s 16 s

fc/27 fc/27 – 8 µs – 524.3 ms –

fc/25 fc/25 – 2 µs – 131.1 ms –

fc/23 fc/23 – 500 ns – 32.8 ms –

fs   fs fs 30.5 µs 30.5 µs 2 s 2 s

fc/2 fc/2 – 125 ns – 8.2 ms –

  fc   fc – 62.5 ns – 4.1 ms –

Example :Generating a pulse with 1-ms high-level width and a period of 32.768 ms (fc = 16.0 MHz)
Setting ports

LDW (PWREG5), 07D0H : Sets the pulse width.

LD (TC5CR), 33H : Sets the operating clock to fc/23, and 16-bit PWM output
  mode (lower byte).

LD (TC6CR), 056H : Sets TFF6 to the initial value 0, and 16-bit PWM signal
  generation mode (upper byte).

LD (TC6CR), 05EH : Starts the timer.
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 11. 8-Bit TimerCounter (TC5, TC6)
 11.1 Configuration

 TMP86FS49BFG
Figure 11-7  16-Bit PWM Mode Timing Chart (TC5 and TC6)
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 12. Asynchronous Serial interface (UART1 )
 12.2 Control

 TMP86FS49BFG
 12.2 Control    
UART1 is controlled by the UART1 Control Registers (UART1CR1, UART1CR2). The operating status can be

monitored using the UART status register (UART1SR).

Note 1: When operations are disabled by setting TXE and RXE bit to “0”, the setting becomes valid when data transmit or receive 
complete. When the transmit data is stored in the transmit data buffer, the data are not transmitted. Even if data transmit is 
enabled, until new data are written to the transmit data buffer, the current data are not transmitted.

Note 2: The transmit clock and the parity are common to transmit and receive.
Note 3: UART1CR1<RXE> and UART1CR1<TXE> should be set to “0” before UART1CR1<BRG> is changed.

Note: When UART1CR2<RXDNC> = “01”, pulses longer than 96/fc [s] are always regarded as signals; when
UART1CR2<RXDNC> = “10”, longer than 192/fc [s]; and when UART1CR2<RXDNC> = “11”, longer than 384/fc [s].

UART1 Control Register1

UART1CR1
(0F95H)

7 6 5 4 3 2 1 0

TXE RXE STBT EVEN PE BRG (Initial value: 0000 0000)

TXE Transfer operation
0:
1:

Disable
Enable

Write
only

RXE Receive operation
0:
1:

Disable
Enable

STBT Transmit stop bit length
0:
1:

1 bit
2 bits

EVEN Even-numbered parity
0:
1:

Odd-numbered parity
Even-numbered parity

PE Parity addition
0:
1:

No parity
Parity

BRG Transmit clock select

000:
001:
010:
011:
100:
101:
110:
111:

fc/13 [Hz]
fc/26
fc/52
fc/104
fc/208
fc/416
TC3 ( Input INTTC3)
fc/96

UART1 Control Register2

UART1CR2
(0F96H)

7 6 5 4 3 2 1 0

RXDNC STOPBR (Initial value: **** *000)

RXDNC
Selection of  RXD input noise
rejection time

00:
01:
10:
11:

No noise rejection (Hysteresis input)
Rejects pulses shorter than 31/fc [s] as noise
Rejects pulses shorter than 63/fc [s] as noise
Rejects pulses shorter than 127/fc [s] as noise

Write
only

STOPBR Receive stop bit length
0:
1:

1 bit
2 bits
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 TMP86FS49BFG
14. Synchronous Serial Interface (SIO1)

The serial interfaces connect to an external device via SI1, SO1,  and SCK1 pins.

When these pins are used as serial interface, the output latches for each port should be set to "1".

 14.1 Configuration 

Figure 14-1  Synchronous Serial Interface (SIO)

interrupt 
Internal clock
input

To BUS

Shift register on transmitter

Shift register on receiver

(Serial data output)
Control circuit

Shift clock

Internal data bus

Port
(Note)

(Serial data output)

Port
(Note)

(Serial data input)

Port
(Note)

Note: Set the register of port correctly for the port assigned as serial interface pins.
For details, see the description of the input/output port control register.

MSB/LSB
selection

SO1 pin

SI1 pin

SIO1TDB

SIO1RDB

SCK1 pin
INTSIO1

SIO1CR SIO1SR
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 14. Synchronous Serial Interface (SIO1)
 14.2 Control

 TMP86FS49BFG
 14.2 Control
The SIO is controlled using the serial interface control register (SIO1CR). The operating status of the serial inter-

face can be inspected by reading the status register (SIO1CR).

Note 1: When SIO1CR<SIOINH> is set to “1”, SIO1CR<SIOS>, SIO1SR register, SIO1RDB register and SIO1TDB register are 
initialized.

Note 2: Transfer mode, direction of transfer and serial clock must be select during the transfer is stopping (when SIO1SR<SIOF>   
"0").

Note 3: fc: High-frequency clock [Hz], fs: Low-frequency clock [Hz], *: Don’t care

Serial Interface Control Register 

SIO1CR
(0020H)

7 6 5 4 3 2 1 0

SIOS SIOINH SIOM SIODIR SCK (Initial value:  0000  0000)

SIOS Specify start/stop of transfer
0: Stop
1: Start

R/W

SIOINH Forcibly stops transfer (Note 1)
0: –
1: Forcibly stop (Automatically cleared to "0" after stopping)

SIOM Selects transfer mode

00: Transmit mode
01: Receive mode
10: Transmit/receive mode
11: Reserved

SIODIR Selects direction of transfer
0: MSB (Transfer beginning with bit7)
1: LSB (Transfer beginning with bit0)

SCK Selects serial clock

NORMAL1/2 or IDLE1/2 modes
SLOW/SLEEP 

modeTBTCR
<DV7CK> = "0"

TBTCR
<DV7CK> = "1"

000 fc/212 fs/24 fs/24

001 fc/28 fc/28 Reserved

010 fc/27 fc/27 Reserved

011 fc/26 fc/26 Reserved

100 fc/25 fc/25 Reserved

101 fc/24 fc/24 Reserved

110 fc/23 fc/23 Reserved

111 External clock (Input from SCK1 pin)
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 TMP86FS49BFG
Figure 15-7  Exaple of External Clock and MSB Transmit Mode

Figure 15-8  Hold Time of the End of Transmit Mode

(4) Transmit error processing

Transmit errors occur on the following situation.
• Shift operation starts before writing next transmit data to SIO2TDB in external clock opera-

tion.
If transmit errors occur during transmit operation, SIO2SR<TXERR> is set to “1” immedi-
ately after starting shift operation. Synchronizing with the next serial clock falling edge, 
INTSIO2 interrupt request is generated.
If shift operation starts before writing data to SIO2TDB after SIO2CR<SIOS> is set to “1”, 
SIO2SR<TXERR> is set to “1” immediately after shift operation is started and then 
INTSIO2 interrupt request is generated.
SIO2 pin is kept in high level when SIO2SR<TXERR> is set to “1”. When transmit error 
occurs, transmit operation must be forcibly stop by writing SIO2CR<SIOINH> to “1”. In 
this case, SIO2CR<SIOS>, SIO2SR register, SIO2RDB register and SIO2TDB register are 
initialized.
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tSODH< <
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 TMP86FS49BFG
16. Serial Bus Interface(I2C Bus) Ver.-D (SBI) 

The TMP86FS49BFG has a serial bus interface which employs an I2C bus.

The serial interface is connected to an external devices through SDA and SCL.

The serial bus interface pins are also used as the port. When used as serial bus interface pins, set the output latches
of these pins to "1". When not used as serial bus interface pins, the port is used as a normal I/O port.

Note 1: The serial bus interface can be used only in NORMAL1/2 and IDLE1/2 mode. It can not be used in IDLE0, 
SLOW1/2 and SLEEP0/1/2 mode.

Note 2: The serial bus interface  can be used only in the Standard mode of I2C. The fast mode and the high-speed mode 
can not be used.

Note 3: Please refer to the I/O port section about the detail of setting port.

 16.1 Configuration

Figure 16-1  Serial Bus Interface (SBI)

 16.2 Control
The following registers are used for control the serial bus interface and monitor the operation status.

• Serial bus interface control register A  (SBICRA)
• Serial bus interface control register B  (SBICRB)
• Serial bus interface data buffer register  (SBIDBR)

• I2C bus address register  (I2CAR)
• Serial bus interface status register A  (SBISRA)
• Serial bus interface status register B  (SBISRB)

 16.3 Software Reset
A serial bus interface circuit has a software reset function, when a serial bus interface circuit is locked by an exter-

nal noise, etc.

To reset the serial bus interface circuit, write “10”, “01” into the SWRST (Bit1, 0 in SBICRB).

And a status of software reset canbe read from SWRMON (Bit0 in SBISRA).
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 TMP86FS49BFG
17. 10-bit AD Converter (ADC)

The TMP86FS49BFG have a 10-bit successive approximation type AD converter.

 17.1 Configuration 
 The circuit configuration of the 10-bit AD converter is shown in  Figure 17-1.

It consists of control register ADCCR1 and ADCCR2, converted value register ADCDR1 and ADCDR2, a DA
converter, a sample-hold circuit, a comparator, and a successive comparison circuit.

Note: Before using AD converter, set appropriate value to I/O port register conbining a analog input port. For details, see the sec-
tion on "I/O ports".

Figure 17-1  10-bit AD Converter
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 20. Serial PROM Mode
 20.6 Operation Mode

 TMP86FS49BFG
 20.6.4 Flash Memory SUM Output Mode (Operation Command: 90H)

Table 20-10 shows flash memory SUM output mode process.

Note 1: “xxH × 3” indicates that the device enters the halt condition after sending 3 bytes of xxH. For details, refer to " 20.7 Error 
Code ".

Note 2: Refer to " 20.8 Checksum (SUM) ". 

Description of the flash memory SUM output mode

1. The 1st through 4th bytes of the transmitted and received data contains the same data as in the flash 
memory writing mode.

2. The 5th byte of the received data contains the command data in the flash memory SUM output mode 
(90H).

3. When the 5th byte of the received data contains the operation command data shown in Table 1-6, the 
device echoes back the value which is the same data in the 6th byte position of the received data (in 
this case, 90H). If the 5th byte of the received data does not contain the operation command data, the 
device enters the halt condition after transmitting 3 bytes of operation command error code (63H).

4. The 7th and the 8th bytes contain the upper and lower bits of the checksum, respectively. For how to 
calculate the checksum, refer to " 20.8 Checksum (SUM) ".

5. After sending the checksum, the device waits for the next operation command data.

Table 20-10  Flash Memory SUM Output Process

Transfer Bytes
Transfer Data from External Control-

ler to TMP86FS49BFG
Baud Rate

Transfer Data from TMP86FS49BFG to 
External Controller

BOOT
ROM

1st byte
2nd byte

Matching data (5AH)
-

9600 bps
9600 bps

- (Automatic baud rate adjustment)
OK: Echo back data (5AH)
Error: Nothing transmitted

3rd byte

4th byte

Baud rate modification data
(See Table 20-4)
-

9600 bps

9600 bps

-

OK: Echo back data
Error: A1H × 3, A3H × 3, 62H × 3 (Note 1)

5th byte
6th byte

Operation command data (90H)
-

Modified baud rate
Modified baud rate

-
OK: Echo back data (90H)
Error: A1H × 3, A3H × 3, 63H × 3 (Note 1)

7th byte - Modified baud rate OK: SUM (Upper byte) (Note 2)
Error: Nothing transmitted

8th byte - Modified baud rate OK: SUM (Lower byte) (Note 2)
Error: Nothing transmitted

9th byte
(Wait for the next operation com-
mand data)

Modified baud rate -
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 22. Electrical Characteristics
 22.1 Absolute Maximum Ratings

 TMP86FS49BFG
 22.4 AD Characteristics

Note 1: The total error includes all errors except a quanitization error, and is defined as a maximum deviation from the ideal con-
version line.

Note 2: Conversion time is defferent in recommended value by power supply voltage.
Note 3: The voltage to be input on the AIN input pin must not exceed the range between VAREF and VSS. If a voltage outside this 

range is input, conversion values will become unstable and conversion values of other channels will also be affected.
Note 4: Analog reference voltage range:  ∆VAREF = VAREF - VSS

Note 5: When AD converter is not used, fix the AVDD and VAREF pin on the VDD level.

(VSS = 0.0 V, 4.5 V ≤ VDD ≤  5.5 V, Topr = -40 to 85 °C)

Paramete Symbol Condition Min Typ. Max Unit

Analog reference voltage VAREF AVDD - 1.0 – AVDD

V

Power supply voltage of analog control 
circuit

AVDD VDD

Analog reference voltage range (Note 4) ∆ VAREF 3.5 – –

Analog input voltage VAIN VSS – VAREF

Power supply current of analog refer-
ence voltage

IREF
VDD = AVDD = VAREF = 5.5 V
VSS = 0.0 V

– 0.6 1.0 mA

Non linearity error
VDD = AVDD = 5.0 V,
VSS = 0.0 V
VAREF = 5.0 V

– – ±2

LSB
Zero point error – – ±2

Full scale error – – ±2

Total error – – ±2

 (VSS = 0 V, 2.7 V ≤ VDD < 4.5 V, Topr = -40 to 85°C)

Parameter Symbol Condition Min Typ. Max Unit

Analog reference voltage VAREF AVDD - 1.0 – AVDD

V

Power supply voltage of analog control 
circuit

AVDD VDD

Analog reference voltage range (Note 4) ∆ VAREF 2.5 – –

Analog input voltage VAIN VSS – VAREF

Power supply current of analog refer-
ence voltage

IREF
VDD = AVDD = VAREF = 4.5 V
VSS = 0.0 V

– 0.5 0.8 mA

Non linearity error
VDD = AVDD = 2.7 V 
VSS = 0.0 V
VAREF = 2.7 V

– – ±2

LSB
Zero point error – – ±2

Full scale error – – ±2

Total error – – ±2
Page 272


