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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"

Active
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8-Bit
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Brown-out Detect/Reset, POR, WDT
18
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256 x 8

2.7V ~ 5.5V

A/D 12x10b

Internal
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20-VQFN (3x3)
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ATtiny406

Memories

6.10.2.2 Serial Number Byte n

Name: SERNUMnN

Offset: 0x03 + n*0x01 [n=0..9]
Reset: [device serial number]
Property: -

Each device has an individual serial number, representing a unique ID. This can be used to identify a
specific device in the field. The serial number consists of ten bytes: SIGROW.SERNUM[9:0].

Bit 7 6 5 4 3 2 1 0

| SERNUMI[7:0]
Access R R R R R R R R
Reset X X X X X X X X

Bits 7:0 —- SERNUM([7:0] Serial Number Byte n

© 2018 Microchip Technology Inc. Datasheet Preliminary 40001976A-page 25



ATtiny406

AVR CPU
8.7.3 STATUS Register
Name: SREG
Offset: OxOF
Reset: 0x00
Property: -
The STATUS register contains information about the result of the most recently executed arithmetic or
logic instruction. For details about the bits in this register and how they are affected by the different
instructions, see the Instruction Set Summary.
Bit 7 6 5 4 3 2 1 0
| T | H | S Vv N z
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bit 7 — | Global Interrupt Enable
Writing a '1' to this bit enables interrupts on the device.

Writing a '0' to this bit disables interrupts on the device, independent of the individual interrupt enable
settings of the peripherals.

This bit is not cleared by hardware after an interrupt has occurred.

This bit can be set and cleared by software with the SET and CLT instructions.

Changing the | flag through the 1/O register results in a one-cycle Wait state on the access.
Bit 6 — T Bit Copy Storage

The bit copy instructions bit load (BL.D) and bit store (BST) use the T bit as source or destination for the
operated bit.

A bit from a register in the register file can be copied into this bit by the BST instruction, and this bit can
be copied into a bit in a register in the register file by the BLD instruction.

Bit 5 — H Half Carry Flag
This bit indicates a half carry in some arithmetic operations. Half carry is useful in BCD arithmetic.

Bit4-S SignBit, S=Ne&V
The sign bit (S) is always an exclusive or (xor) between the negative flag (N) and the two’s complement
overflow flag (V).

Bit 3 -V Two’s Complement Overflow Flag
The two’s complement overflow flag (V) supports two’s complement arithmetic.

Bit 2 — N Negative Flag
The negative flag (N) indicates a negative result in an arithmetic or logic operation.

Bit 1 - Z Zero Flag
The zero flag (Z) indicates a zero result in an arithmetic or logic operation.

© 2018 Microchip Technology Inc. Datasheet Preliminary 40001976A-page 57



ATtiny406
Nonvolatile Memory Controller (NVMCTRL)

The Flash can be divided into three sections in blocks of 256 bytes for different security. The three
different sections are BOOT, Application Code (APPCODE), and Application Data (APPDATA).

Figure 9-2. Flash Sections
FLASHSTART: 0x8000

BOOTEND>0: 0x8000+BOOTEND*256

APPLICATION
CODE

APPEND>0: 0x8000+APPEND*256

Section Sizes
The sizes of these sections are set by the Boot Section End fuse (FUSE.BOOTEND) and Application
Code Section End fuse (FUSE.APPEND).

The fuses select the section sizes in blocks of 256 bytes. As shown in Figure 9-2, the BOOT section
stretches from the start of the Flash until BOOTEND. The APPCODE section runs from BOOTEND until
APPEND. The remaining area is the APPDATA section. If APPEND is written to 0, the APPCODE section
runs from BOOTEND to the end of Flash (removing the APPDATA section). If BOOTEND and APPEND
are written to 0, the entire Flash is regarded as BOOT section. APPEND should either be setto 0 or a
value greater or equal than BOOTEND.

Table 9-2. Setting Up Flash Sections

BOOTEND | APPEND BOOT Section APPCODE Section APPDATA Section

0 to FLASHEND

>0 0 0 to 256*BOOTEND 256*BOOTEND to -
FLASHEND
>0 == 0 to 256*BOOTEND - 256*BOOTEND to
BOOTEND FLASHEND
>0 > 0 to 256*BOOTEND 256*BOOTEND to 256*APPEND to
BOOTEND 256*APPEND FLASHEND
Note:

*  See also the BOOTEND and APPEND descriptions.
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Nonvolatile Memory Controller (NVMCTRL)

9.5.2 Control B

Name: CTRLB

Offset: 0x01

Reset: 0x00

Property: -

Bit 7 6 5 4 3 2 1 0
BOOTLOCK APCWP
Access R/W R/W

Reset 0 0

Bit 1 —- BOOTLOCK Boot Section Lock
Writing a '1' to this bit locks the boot section from read and instruction fetch.

If this bit is '1", a read from the boot section will return '0'. A fetch from the boot section will also return 0
as instruction.

This bit can be written from the boot section only. It can only be cleared to '0' by a Reset.
This bit will take effect only when the boot section is left the first time after the bit is written.
Bit 0 — APCWP Application Code Section Write Protection

Writing a '1' to this bit protects the application code section from further writes.

This bit can only be written to '1". It is cleared to '0' only by Reset.
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Sleep Controller (SLPCTRL)

11.5.1 Control A

Name: CTRLA
Offset: 0x00
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
SMODE[1:0] | SEN
Access R R R R R R/W RIW R/W
Reset 0 0 0 0 0 0 0 0

Bits 2:1 — SMODE[1:0] Sleep Mode
Writing these bits selects the sleep mode entered when the Sleep Enable bit (SEN) is written to '1' and
the SLEEP instruction is executed.

Value Name Description

0x0 IDLE Idle Sleep mode enabled

0x1 STANDBY Standby Sleep mode enabled

0x2 PDOWN Power-Down Sleep mode enabled
other - Reserved

Bit 0 — SEN Sleep Enable
This bit must be written to '1' before the SLEEP instruction is executed to make the MCU enter the
selected sleep mode.
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13.3.3

13.34

13.3.5

ATtiny406
CPU Interrupt Controller (CPUINT)

When round robin scheduling is enabled, the interrupt vector address for the last acknowledged LVLO
interrupt will have the lowest priority the next time one or more LVLO interrupts are requested, as
illustrated in the figure below.

Figure 13-4. Round Robin Scheduling

IVEC x last acknowledge IVEC x+1 last acknowledge
interrupt interrupt

IVEC 0 IVEC 0 /_\

IVEC x Lowest Priority IVEC x
IVEC x+1 Highest Priority IVEC x+1 Lowest Priority
A IVEC x+2 Highest Priority

IVEC n u IVEC n
Compact Vector Table

The Compact Vector Table (CVT) is a feature to allow writing of compact code.
When CVT is enabled by writing a '1' to the CVT bit in the Control A register (CPUINT.CTRLA), the vector
table contains these three interrupt vectors:

1. The non-maskable interrupts (NMI) at vector address 1.

2. The priority level 1 (LVL1) interrupt at vector address 2.

3. All priority level 0 (LVLO) interrupts share vector address 3.

This feature is most suitable for applications using a small number of interrupt generators.

Events
Not applicable.

Sleep Mode Operation
Not applicable.

Configuration Change Protection

This peripheral has registers that are under Configuration Change Protection (CCP). In order to write to
these, a certain key must be written to the CPU.CCP register first, followed by a write access to the
protected bits within four CPU instructions.

It is possible to try writing to these registers any time, but the values are not altered.

The following registers are under CCP:
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ATtiny406
CPU Interrupt Controller (CPUINT)

13.4 Register Summary - CPUINT

N I T N I A A I N N B
7:0 CVT

0x00 CTRLA

IVSEL LVLORR
0x01 STATUS 7.0 NMIEX LVL1EX LVLOEX
0x02 LVLOPRI 7.0 LVLOPRI[7:0]
0x03 LVL1VEC 7:0 LVL1VECI7:0]

13.5 Register Description
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ATtiny406
Event System (EVSYS)

14.51  Asynchronous Channel Strobe

Name: ASYNCSTROBE
Offset: 0x00
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
ASYNCSTROBE[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 —- ASYNCSTROBE[7:0] Asynchronous Channel Strobe

If the Strobe register location is written, each event channel will be inverted for one system clock cycle
(i.e., a single event is generated).
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Port Multiplexer (PORTMUX)
15.3.1 Control A

Name: CTRLA

Offset: 0x00

Reset: 0x00

Property: -

Bit 7 6 5 4 3 2 1 0
LUT1 LUTO EVOUT2 EVOUT1 EVOUTO
Access R/W R/W R/W R/W R/W

Reset 0 0 0 0 0

Bit 5— LUT1 CCL LUT 1 output
Write this bit to '1' to select alternative pin location for CCL LUT 1.

Bit 4 — LUTO0 CCL LUT 0 output
Write this bit to '1' to select alternative pin location for CCL LUT 0.

Bit 2 - EVOUT2 Event Output 2
Write this bit to '1' to enable event output 2.

Bit 1 — EVOUT1 Event Output 1
Write this bit to '1' to enable event output 1.

Bit 0 — EVOUTO0 Event Output 0
Write this bit to '1' to enable event output 0.
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Port Multiplexer (PORTMUX)
15.3.3 Control C

Name: CTRLC

Offset: 0x02

Reset: 0x00

Property: -

Bit 7 6 5 4 3 2 1 0
TCAO05 TCA04 TCAO03 TCA02 TCAO1 TCA00
Access R/W R/W R/W R/W R/W R/W

Reset 0 0 0 0 0 0

Bit 5—- TCA05 TCAO Waveform output 5
Write this bit to '1' to select alternative output pin for TCAO waveform output 5 in Split mode.

Not applicable when TCA in normal mode.

Bit 4 — TCA04 TCAO Waveform output 4

Write this bit to '1' to select alternative output pin for TCAO waveform output 4 in Split mode.
Not applicable when TCA in normal mode.

Bit 3 — TCA03 TCAO Waveform output 3

Write this bit to '1' to select alternative output pin for TCAO waveform output 3 in Split mode.
Not applicable when TCA in normal mode.

Bit 2 - TCA02 TCAO Waveform output 2

Write this bit to '1' to select alternative output pin for TCAO waveform output 2.

In Split Mode, this bit controls output from low byte compare channel 2.

Bit 1 — TCA01 TCAO Waveform output 1

Write this bit to '1' to select alternative output pin for TCAO waveform output 1.

In Split mode, this bit controls output from low byte compare channel 1.

Bit 0 — TCA00 TCAO Waveform output 0

Write this bit to '1' to select alternative output pin for TCAO waveform output 0.

In Split mode, this bit controls output from low byte compare channel 0.
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17.3.3

17.3.4

17.3.5

ATtiny406
Brown-Out Detector (BOD)

When an interrupt condition occurs, the corresponding interrupt flag is set in the Interrupt Flags register of
the peripheral (peripheral. INTFLAGS).

An interrupt source is enabled or disabled by writing to the corresponding enable bit in the peripheral's
Interrupt Control register (peripheral INTCTRL).

An interrupt request is generated when the corresponding interrupt source is enabled and the interrupt
flag is set. The interrupt request remains active until the interrupt flag is cleared. See the peripheral's
INTFLAGS register for details on how to clear interrupt flags.

Related Links
AVR CPU
SREG

Sleep Mode Operation

There are two separate fuses defining the BOD configuration in different sleep modes; One fuse defines
the mode used in Active mode and Idle Sleep mode (ACTIVE in FUSE.BODCFG), and is written to the
ACTIVE bits in the Control A register (BOD.CTRLA). The second fuse (SLEEP in FUSE.BODCFG)
selects the mode used in Standby Sleep mode and Power-Down Sleep mode, and is loaded into the
SLEEP bits in the Control A register (BOD.CTRLA).

The operating mode in Active mode and Idle Sleep mode (i.e., ACTIVE in BOD.CTRLA) cannot be
altered by software. The operating mode in Standby Sleep mode and Power-Down Sleep mode can be
altered by writing to the SLEEP bits in the Control A register (BOD.CTRLA).

When the device is going into Standby Sleep mode or Power-Down Sleep mode, the BOD will change
operation mode as defined by SLEEP in BOD.CTRLA. When the device is waking up from Standby or
Power-Down Sleep mode, the BOD will operate in the mode defined by the ACTIVE bit field in
BOD.CTRLA.

Synchronization
Not applicable.

Configuration Change Protection

This peripheral has registers that are under Configuration Change Protection (CCP). In order to write to
these, a certain key must be written to the CPU.CCP register first, followed by a write access to the
protected bits within four CPU instructions.

It is possible to try writing to these registers any time, but the values are not altered.
The following registers are under CCP:
Table 17-3. Registers Under Configuration Change Protection

e

SLEEP in BOD.CTRLA IOREG

Related Links
Sequence for Write Operation to Configuration Change Protected I/O Registers
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ATtiny406
Voltage Reference (VREF)

respective Reference Select bit field (ADCOREFSEL, DACOREFSEL) in the Control A register
(VREF.CTRLA).
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ATtiny406
16-bit Timer/Counter Type B (TCB)

Input Capture Pulse-Width Measurement Mode

The input capture pulse-width measurement will restart the counter on a positive edge and capture on the
next falling edge before an interrupt request is generated. The interrupt flag is automatically cleared when
the high byte of the capture register is read. The timer will automatically switch between rising and falling
edge detection, but a minimum edge separation of two clock cycles is required for correct behavior.

Figure 21-6. Input Capture Pulse-Width Measurement

Event Input —/—\\—/—\

Edge detector

(O "Interrupt "

!
| MAX ——--———-
|
|
|
CNT |
|
|
|
| BOTTOM -~
' |Restart| | Copy CNT to CCMP | | Restart| | Copy CNT to CCMP | | Restart
counter and interrupt counter and give interrupt counter

Input Capture Frequency and Pulse-Width Measurement Mode

In this mode the timer will start counting when a positive edge is detected on the even input signal. On
the following falling edge, the count value is captured. The counter stops when the second rising edge of
the event input signal is detected and this will set the interrupt flag.

Reading the capture will clear the interrupt flag. When the capture register is read or the interrupt flag is
cleared the TC is ready for a new capture sequence. The counter register should, therefore, be read
before the capture register as this is reset to zero at the next positive edge.
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16-bit Timer/Counter Type B (TCB)

21.5.8 Temporary Value
Name: TEMP
Offset: 0x09
Reset: 0x00
Property: -
The Temporary register is used by the CPU for single-cycle, 16-bit access to the 16-bit registers of this
peripheral. It can be read and written by software. See Accessing 16-Bit Registers. There is one common
Temporary register for all the 16-bit registers of this peripheral.
Bit 7 6 5 4 3 2 1 0
| TEMP[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:0 — TEMP[7:0] Temporary Value
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ATtiny406
Real-Time Counter (RTC)

22.11.6 Debug Control

Name: DBGCTRL

Offset: 0x05

Reset: 0x00

Property: -

Bit 7 6 5 4 3 2 1 0
DBGRUN
Access R/W

Reset 0

Bit 0 - DBGRUN Debug Run

Value Description

0 The peripheral is halted in Break Debug mode and ignores events.
1 The peripheral will continue to run in Break Debug mode when the CPU is halted.
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Universal Synchronous and Asynchronous Recei...

Figure 23-2. Clock Generation Logic Block Diagram

BAUD
RXMODE
BAUD Rate |y /2 /4 /2
Generator
2 txclk
CLK PER— |
PORT_INV ! DDR_
l Zoki Sy.nc Edge | N MODE[0]
XCK 4| Register Detector
Pin [d >
xcko
T rxclk
DDR_XCK

Internal Clock Generation - The Fractional Baud Rate Generator

The Baud Rate Generator is used for internal clock generation for Asynchronous modes, Aynchronous
Master mode, and Master SPI mode operation. The output frequency generated (fgayp) is determined by
the baud register value (USARTN.BAUD) and the peripheral clock frequency (fc k_per)- The following
table contains equations for calculating the baud rate (in bits per second) and for calculating the
USARTN.BAUD value for each mode of operation. It also shows the maximum baud rate versus
peripheral clock frequency. For asynchronous operation, the USARTn.BAUD register value is 16 bits. The
10 MSBs (BAUDI[15:6]) hold the integer part, while the 6 LSBs (BAUD[5:0]) hold the fractional part. In
Synchronous mode, only the integer part of the BAUD register determine the baud rate.

Table 23-2. Equations for Calculating Baud Rate Register Setting

Operating Mode | Conditions Baud Rate (Bits Per Seconds) | USART.BAUD Register Value
Calculation

Asynchronous feLk_PER 64 X fcLk PER 64 X fcLk PER
fravp =~ fBavp = —5 % BauD BAUD =—¢5 fBaup
Synchronous fcLk_PER feLk PER feLk PR
- 3 _ g 6] = JCLK_PER
fpavp < =5 — fpavp =73 BAUD[15:6] BAUDI15:6] = 5 fBaup

S is the number of samples per bit. In Asynchronous operating mode (CMODE[0]=0), it could be set as
16 (NORMAL mode) or 8 (CLK2X mode) by RXMODE in USARTN.CTRLB. For Synchronous operating
mode (CMODE[0]=1), S equals 2.

External Clock
External clock (XCK) is used in Synchronous Slave mode operation. The XCK clock input is sampled on
the peripheral clock frequency and the maximum XCK clock frequency (fxck) is limited by the following:

fcLk_PER
fxek<—7%—
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ATtiny406
Serial Peripheral Interface (SPI)

24.5.3 Interrupt Control

Name: INTCTRL
Offset: 0x02
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
RXCIE TXCIE DREIE SSIE IE
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit 7 — RXCIE Receive Complete Interrupt Enable
In Buffer mode, this bit enables the receive complete interrupt. The enabled interrupt will be triggered
when the RXCIF flag in the SPIn.INTFLAGS register is set. In Non-Buffer mode this bit is zero.

Bit 6 — TXCIE Transfer Complete Interrupt Enable
In Buffer mode, this bit enables the transfer complete interrupt. The enabled interrupt will be triggered
when the TXCIF flag in the SPIn.INTFLAGS register is set. In Non-Buffer mode, this bit is zero.

Bit 5 — DREIE Data Register Empty Interrupt Enable
In Buffer mode this bit enables the data register empty interrupt. The enabled interrupt will be triggered
when the DREIF flag in the SPIN.INTFLAGS register is set. In Non-Buffer mode, this bit is zero.

Bit 4 — SSIE Slave Select Trigger Interrupt Enable
In Buffer mode, this bit enables the Slave Select interrupt. The enabled interrupt will be triggered when
the SSIF flag in the SPIn.INTFLAGS register is set. In Non-Buffer mode, this bit is zero.

Bit 0 — IE Interrupt Enable
This bit enables the SPI interrupt when the SPI is not in Buffer mode. The enabled interrupt will be
triggered when RXCIF/IF is set in the SPIn.INTFLAGS register.

© 2018 Microchip Technology Inc. Datasheet Preliminary 40001976A-page 338



ATtiny406
Analog Comparator (AC)

28.4 Register Summary - AC

otat | tame e | |||

0x00 CTRLA 7:0 RUNSTDBY OUTEN INTMODE[1:0] HYSMODE[1:0] ENABLE
0x01 Reserved
0x02 MUXCTRLA 7:0 INVERT MUXPOS MUXNEGI[1:0]
0x03

Reserved
0x05
0x06 INTCTRL 7:0 CMP
0x07 STATUS 7:0 STATE CMP

28.5 Register Description

© 2018 Microchip Technology Inc. Datasheet Preliminary 40001976A-page 409



ATtiny406

Electrical Characteristics

31.9 Oscillators and Clocks

Operating conditions:
*  Vpp = 3V, except where specified otherwise

Table 31-12. Internal Oscillator (OSC20M) Characteristics

S Do e e e e

fosc2oM | Accuracy with 16 MHz and 20 MHz Factory calibrated T=[0, 70]°C, 20 -
frequency selection relative to the factory- (1) 3)
stored frequency value VDD=3V VEERIME, Gl
Factory calibrated ~ T=[0, 70]°C, 20 (- |20
vpp=5v(1) Vpp=[4.5, 5.5]V(3)
Accuracy with 16 MHz and 20 MHz Factory calibrated T=25°C, 3.0V -3.0 - 30 %
frequency selection
T=[0, 70]°C, -40 - 4.0
Vpp=[1.8, 3.6]V(3)
Full operation -5.0 |- 5.0
range(3)
fCAL User calibration range 0sc20M(2) = 16 MHz 145 - 175 MHz
0SC20M(2) = 20 MHz 185 - 215
%CAL Calibration step size - 1.5 - %
DC Duty cycle - 50 - %
Tstart Start-up time Within 2% accuracy - 8 - us

Note:
1. See the description of OSC20M on calibration.

2. Oscillator frequencies above speed specification must be divided so that CPU clock always is
within specification.

3. These values are based on characterization and not covered by production test limits.
Table 31-13. 32.768 kHz Internal Oscillator (OSCULP32K) Characteristics

i Do Coiton _ Contr et

foscuLpaok | Accuracy Factory calibrated | T=25°C, 3.0V
T=[0, 70]°C, -10 |- |10
Vpp=[1.8, 3.6]v(")
Full operation range(¥  -30 - 30
DC Duty cycle - 50 - %
Tstart Start-up time - 250 | - us

Note:
1. These values are based on characterization and not covered by production test limits.
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Typical Characteristics

Figure 32-9. ATtiny406: Idle Supply Current vs. Vpp (f=32 KHz OSCULP32K)

Temperature [°C]
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32.1.3 Supply Currents in Power-Down Mode for ATtiny406
Figure 32-10. ATtiny406: Power-Down Mode Supply Current vs. Temperature (All Functions

Disabled)
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