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Welcome to E-XFL.COM

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"

Obsolete

AVR

8-Bit

16MHz

SPI, UART/USART, USI
Brown-out Detect/Reset, POR, PWM, WDT
54

16KB (8K x 16)

FLASH

512x8

1K x 8

2.7V ~ 5.5V

A/D 8x10b

Internal

-40°C ~ 85°C (TA)
Surface Mount
64-VFQFN Exposed Pad
64-QFN (9x9)
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Pin Descriptions

VCC Digital supply voltage.
GND Ground.
Port A (PA7..PA0) Port A is an 8-bit bi-directional 1/0 port with internal pull-up resistors (selected for each

bit). The Port A output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port A pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port A pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port B (PB7..PB0) Port B is an 8-bit bi-directional 1/0O port with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port B pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port B has better driving capabilities than the other ports.

Port B also serves the functions of various special features of the ATmegal65 as listed
on page 62.

Port C (PC7..PCO0) Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each
bit). The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D (PD7..PDO0) Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D also serves the functions of various special features of the ATmegal65 as listed
on page 65.

Port E (PE7..PEQ) Port E is an 8-bit bi-directional 1/0 port with internal pull-up resistors (selected for each
bit). The Port E output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port E pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port E pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port E also serves the functions of various special features of the ATmegal65 as listed
on page 66.

Port F (PF7..PFO0) Port F serves as the analog inputs to the A/D Converter.

Port F also serves as an 8-bit bi-directional 1/0 port, if the A/D Converter is not used.
Port pins can provide internal pull-up resistors (selected for each bit). The Port F output
buffers have symmetrical drive characteristics with both high sink and source capability.
As inputs, Port F pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port F pins are tri-stated when a reset condition becomes
active, even if the clock is not running. If the JTAG interface is enabled, the pull-up resis-
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¢ Bit 3 - WDE: Watchdog Enable

When the WDE is written to logic one, the Watchdog Timer is enabled, and if the WDE is
written to logic zero, the Watchdog Timer function is disabled. WDE can only be cleared
if the WDCE bit has logic level one. To disable an enabled Watchdog Timer, the follow-
ing procedure must be followed:

1. Inthe same operation, write a logic one to WDCE and WDE. A logic one must be

written to WDE even though it is set to one before the disable operation starts.

2. Within the next four clock cycles, write a logic 0 to WDE. This disables the

Watchdog.

In safety level 2, it is not possible to disable the Watchdog Timer, even with the algo-
rithm described above. See “Timed Sequences for Changing the Configuration of the
Watchdog Timer” on page 45.

¢ Bits 2..0 - WDP2, WDP1, WDPO: Watchdog Timer Prescaler 2, 1, and 0

The WDP2, WDP1, and WDPO bits determine the Watchdog Timer prescaling when the
Watchdog Timer is enabled. The different prescaling values and their corresponding
Timeout Periods are shown in Table 21.

Table 21. Watchdog Timer Prescale Select

Number of WDT Typical Time-out | Typical Time-out
wDP2 | WDP1 | WDPO Oscillator Cycles at Ve = 3.0V at Voo = 5.0V
0 0 0 16K cycles 15.4 ms 14.7 ms
0 0 1 32K cycles 30.8 ms 29.3ms
0 1 0 64K cycles 61.6 ms 58.7 ms
0 1 1 128K cycles 0.12s 0.12s
1 0 0 256K cycles 0.25s 0.23s
1 0 1 512K cycles 0.49s 0.47s
1 1 0 1,024K cycles 10s 09s
1 1 1 2,048K cycles 20s 19s
Note:Also see Figure 183 on page 312.
44
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Standby Mode

Oscillator is stopped duringesb. If the Timer/Cainter2 is using the synchronous clock,
the clock source is stopped during sleep. Nthat even if the synchronous clock is run-
ning in Power-save, thislock is only available for the Timer/Counter2.

When the SM2..0 bits are 110 and an external crystal/resonator clock option is selected,
the SLEEP instruction makes the MCU ent&tandby mode. This mode is identical to
Power-down with the exceptidihat the Oscillator is keptinning. From Standby mode,
the device wakes up in six clock cycles.

Table 15. Active Clock Domains and Wake-up Sources in the Different Sleep Modes.

Active Clock Domains Oscillators Wake-up Sources
Main Clock Timer INTO SPM/
Source Osc and Pin USI Start EEPROM Other
Sleep Mode | clkgpy | Clkpagy | ClKio | Clkapc | Clkagy |  Enabled Enabled | Change | Condition |Timer2 Ready | ADC | 1/O
Idle X X X X x2 X X X X X X
ADC Noise
Reduction X X X » x® X x@ X X
Power-down x) X
Power-save X X X3 X X
Standby" X X® X

Notes: 1. Only recommended with external crystal or resonator selected as clock source.
2. If Timer/Counter2 is not running in asynchronous mode.
3. For INTO, only level interrupt.

Power Reduction

Register

Power Reduction Register -

PRR

2573G-AVR-07/09

The Power Reduction Register, PRR, providasmethod to stop the clock to individual
peripherals to reduce power consumption. The current state of the peripheral is frozen
and the 1/O registers can not be read or written. Resources used by the peripheral when
stopping the clock will remain occupied, hence the peripheral should in most cases be
disabled before stopping the clock. Wakingaimodule, which is done by clearing the

bit in PRR, puts the module in the same state as before shutdown.

Module shutdown can be used in Idle mode and Active mode to significantly reduce the
overall power consumption. See “Supply Current of I/O modules” on page 290 for exam-
ples. In all other sleep modes, the clock is already stopped.

Bit 7 6 5 4 3 2 1 0

| - - - - PRTIM1 | PRSPI | PRUSARTO | PRADC | PRR
Read/Write R R R R R/W R/W R/W R/W
Initial Value 0 0 0 (] 0 0 0 0

Bit 7..4 - Res: Reserved bits

These bits are reserved in ATngm165 and will always read as zero.

Bit 3 - PRTIM1: Power Reduction Timer/Counter1

Writing a logic one to this bit shuts down the Timer/Counter1 module. When the
Timer/Counter1 is enaleld, operation will continuée before the shutdown.
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HOLD

IREFEN

MUXEN_7
MUXEN_6
MUXEN_5
MUXEN_4
MUXEN_3
MUXEN_2
MUXEN_1
MUXEN_0
NEGSEL_2

Input

Input

Input
Input
Input
Input
Input
Input
Input
Input
Input

Sample & Hold signal.
Sample analog signal
when low. Hold signal
when high. If
differential amplifier
are used, this signal
must go active when
ACLK is high.

Enables Band-gap
reference as AREF
signal to DAC

Input Mux bit 7
Input Mux bit 6
Input Mux bit 5
Input Mux bit 4
Input Mux bit 3
Input Mux bit 2
Input Mux bit 1
Input Mux bit 0

Input Mux for negative
input for differential
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Boundary-scan

Description Language

Files

2573G-AVR-07/09

Table 90. ATmega165 Boundary-scan Order (Continued)

Bit Number |Signal Name Module
24 PA4.Pull-up_Enable Port A
23 PA3.Data

22 PA3.Control

21 PA3.Pull-up_Enable

20 PA2.Data

19 PA2.Control

18 PA2.Pull-up_Enable

17 PA1.Data

16 PA1.Control

15 PA1.Pull-up_Enable

14 PAO.Data

13 PAO.Control

12 PAO.Pull-up_Enable

11 PF3.Data Port F
10 PF3.Control

9 PF3.Pull-up_Enable

8 PF2.Data

7 PF2.Control

6 PF2.Pull-up_Enable

5 PF1.Data

4 PF1.Control

3 PF1.Pull-up_Enable

2 PF0.Data

1 PF0.Control

0 PF0.Pull-up_Enable

Note: 1. PRIVATE_SIGNALT1 should always be scanned in as zero.

Boundary-scan Description Language (BSDL) files describe Boundary-scan capable
devices in a standard format used by automated test-generation software. The order
and function of bits in the Boundary-scan Data Register are included in this description.
A BSDL file for ATmegai165 is available.
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Boot Loader Support
— Read-While-Write
Self-Programming

Boot Loader Features

Application and Boot
Loader Flash Sections

Application Section

BLS — Boot Loader Section

2573G-AVR-07/09

The Boot Loader Support provides a re@bad-While-Write Self-Programming mecha-
nism for downloading and uploading program code by the MCU itself. This feature
allows flexible application software updatasntrolled by the MO using a Flash-resi-
dent Boot Loader program. The Boot Loader program can use any available data
interface and associated protocol to read code and write (program) that code into the
Flash memory, or read the code from the program memory. The program code within
the Boot Loader sectio has the capability to write intbe entire Flash, including the
Boot Loader memory. The Boot Loader cahus even modify itself, and it can also
erase itself from the code if the feature is not needed anymore. The size of the Boot
Loader memory is configurable with fuses and the Boot Loader has two separate sets of
Boot Lock bits which can be sindependently. This gives ¢huser a unique flexibility to
select different levels of protection.

¢ Read-While-Write Self-Programming

* Flexible Boot Memory Size

* High Security (Separate Boot Lock Bits for a Flexible Protection)

® Separate Fuse to Select Reset Vector

¢ Optimized Page () Size

¢ Code Efficien t Algorithm

¢ Efficient Read-Mod ify-Write Support

Note: 1. A page is a section in the Flash consisting of several bytes (see Table 105 on page
249) used during programming. The page organization does not affect normal
operation.

The Flash memory is organized in two main sections, the Application section and the
Boot Loader section (see Figure 109). The size of the different sections is configured by
the BOOTSZ Fuses as shown in Table 96 on page 244 and Figure 109. These two sec-
tions can have different level of protectisince they have different sets of Lock bits.

The Application section is the section of the Flash that is used for storing the application
code. The protection level for the Application section can be selected by the application
Boot Lock bits (Boot Lock bits 0), see Table 92 on page 236. The Application section
can never store any Boot Loader code since the SPM instruction is disabled when exe-
cuted from the Application section.

While the Application section
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