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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"

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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Atmel ATA6612/ATA6613
12 NRES Open Drain Output Pin

12.1 Low-level output voltage
VS �  5.5V
INRES = 1mA
INRES = 250µA

NRES VNRESL 0.2
0.14

V
V

A

12.2 Low-level output low 10k�  to VCC
VCC = 0V NRES VNRESLL 0.2 V A

12.3 Undervoltage reset time VS �  5.5V
CNRES = 20pF NRES treset 2 4 6 ms A

12.4 Reset debounce time for 
falling edge

VS �  5.5V
CNRES = 20pF NRES tres_f 1.5 10 µs A

13 Watchdog Oscillator

13.1 Voltage at WD_OSC in 
Normal Mode

IWD_OSC = �200µA
VVS �  4V

WD_ 
OSC VWD_OSC 1.13 1.23 1.33 V A

13.2 Possible values of 
resistor

WD_ 
OSC ROSC 34 120 k� A

13.3 Oscillator period ROSC = 34k� tOSC 10.65 13.3 15.97 µs A

13.4 Oscillator period ROSC = 51k� tOSC 15.68 19.6 23.52 µs A

13.5 Oscillator period ROSC = 91k� tOSC 26.83 33.5 40.24 µs A

13.6 Oscillator period ROSC = 120k� tOSC 34.2 42.8 51.4 µs A

14 Watchdog Timing Relative to t OSC

14.1 Watchdog lead time after 
Reset td 7895 cycles A

14.2 Watchdog closed 
window t1 1053 cycles A

14.3 Watchdog open window t2 1105 cycles A

14.4 Watchdog reset time 
NRES NRES tnres 3.2 4 4.8 ms A

15 KL_15 Pin

15.1 High-level input voltage 
RV = 47 k�

Positive edge initializes a 
wake-up KL_15 VKL_15H 4 VS + 

0.3V V A

15.2 Low-level input voltage 
RV = 47 k� KL_15 VKL_15L �1 +2 V A

15.3 KL_15 pull-down current VS < 27V
VKL_15 = 27V KL_15 IKL_15 50 65 µA A

15.4 Internal debounce time Without external capacitor KL_15 TdbKL_15 80 160 250 µs A

15.5 KL_15 wake-up time RV = 47k� , C = 100nF KL_15 TwKL_15 0.4 2 4.5 ms C

16 WAKE Pin

16.1 High-level input voltage WAKE VWAKEH VS � 1V VS + 
0.3V V A

16.2 Low-level input voltage Initializes a wake-up signal WAKE VWAKEL �1 VS � 
3.3V V A

16.3 WAKE pull-up current VS < 27V
VWAKE = 0V WAKE IWAKE �30 �10 µA A

5. Electrical Characteristics (Continued)
5V < VS < 27V, �40°C < T case < 125°C, �40°C < T j < 150°C, unless otherwise specified. All values refer to GND pins

No. Parameters Test Conditions Pin Symbol Min. Typ. Max. Unit Type*

*) Type means: A = 100% tested, B = 100% correlation tested, C = Characterized on samples, D = Design parameter
25
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Atmel ATA6612/ATA6613
6.8.7 MCU Status Register � MCUSR
The MCU Status Register provides information on which reset source caused an MCU reset. 

� Bit 7..4: Res: Reserved Bits
These bits are unused bits in the Atmelfi  ATA6612/ATA6613, and will always read as
zero.

� Bit 3 � WDRF: Watchdog System Reset Flag
This bit is set if a Watchdog System Reset occurs. The bit is reset by a Power-on Reset,
or by writing a logic zero to the flag.

� Bit 2 � BORF: Brown-out Reset Flag

This bit is set if a Brown-out Reset occurs. The bit is reset by a Power-on Reset, or by writ-
ing a logic zero to the flag.

� Bit 1 � EXTRF: External Reset Flag

This bit is set if an External Reset occurs. The bit is reset by a Power-on Reset, or by writ-
ing a logic zero to the flag.

� Bit 0 � PORF: Power-on Reset Flag

This bit is set if a Power-on Reset occurs. The bit is reset only by writing a logic zero to the
flag.

To make use of the Reset Flags to identify a reset condition, the user should read and
then Reset the MCUSR as early as possible in the program. If the register is cleared
before another reset occurs, the source of the reset can be found by examining the Reset
Flags.

6.8.8 Internal Voltage Reference
Atmel ATA6612/ATA6613 features an internal bandgap reference. This reference is used for
Brown-out Detection, and it can be used as an input to the Analog Comparator or the ADC.

6.8.8.1 Voltage Reference Enable Signals and Start-up Time
The voltage reference has a start-up time that may influence the way it should be used. The
start-up time is given in Table 6-23 on page 74. To save power, the reference is not always
turned on. The reference is on during the following situations:

1. When the BOD is enabled (by programming the BODLEVEL [2..0] Fuses).
2. When the bandgap reference is connected to the Analog Comparator (by setting the 

ACBG bit in ACSR).
3. When the ADC is enabled.

Thus, when the BOD is not enabled, after setting the ACBG bit or enabling the ADC, the user
must always allow the reference to start up before the output from the Analog Comparator or
ADC is used. To reduce power consumption in Power-down mode, the user can avoid the
three conditions above to ensure that the reference is turned off before entering Power-down
mode.

Bit 7 6 5 4 3 2 1 0

� � � � WDRF BORF EXTRF PORF MCUSR

Read/Write R R R R R/W R/W R/W R/W

Initial Value 0 0 0 0 See Bit Description
73
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When the BOOTRST Fuse is unprogrammed, the Boot section size set to 2Kbytes and the
IVSEL bit in the MCUCR Register is set before any interrupts are enabled, the most typical
and general program setup for the Reset and Interrupt Vector Addresses in Atmelfi  ATA6612
is:

Address Labels Code Comments
0x000 RESET: ldi r16,high(RAMEND); Main program start
0x001 out SPH,r16 ; Set Stack Pointer to top of RAM
0x002 ldi r16,low(RAMEND)
0x003 out SPL,r16
0x004 sei ; Enable interrupts
0x005 <instr>  xxx
;
.org 0xC01
0xC01 rjmp EXT_INT0 ; IRQ0 Handler
0xC02 rjmp EXT_INT1 ; IRQ1 Handler
... ... ... ; 
0xC19 rjmp SPM_RDY ; Store Program Memory Ready Handler

When the BOOTRST Fuse is programmed and the Boot section size set to 2Kbytes, the most
typical and general program setup for the Reset and Interrupt Vector Addresses in Atmel
ATA6612 is:

Address Labels Code Comments
.org 0x001
0x001 rjmp EXT_INT0 ; IRQ0 Handler
0x002 rjmp EXT_INT1 ; IRQ1 Handler
... ... ... ; 
0x019 rjmp SPM_RDY ; Store Program Memory Ready Handler
;
.org 0xC00
0xC00 RESET: ldi r16,high(RAMEND); Main program start
0xC01 out SPH,r16 ; Set Stack Pointer to top of RAM
0xC02 ldi r16,low(RAMEND)
0xC03 out SPL,r16
0xC04 sei ; Enable interrupts
0xC05 <instr>  xxx
82
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Atmel ATA6612/ATA6613
When the BOOTRST Fuse is programmed, the Boot section size set to 2Kbytes and the
IVSEL bit in the MCUCR Register is set before any interrupts are enabled, the most typical
and general program setup for the Reset and Interrupt Vector Addresses in Atmelfi  ATA6612
is:

Address Labels Code Comments
;
.org 0xC00
0xC00 rjmp RESET ; Reset handler
0xC01 rjmp EXT_INT0 ; IRQ0 Handler
0xC02 rjmp EXT_INT1 ; IRQ1 Handler
... ... ... ; 
0xC19 rjmp SPM_RDY ; Store Program Memory Ready Handler
;
0xC1A RESET: ldi r16,high(RAMEND); Main program start
0xC1B out SPH,r16 ; Set Stack Pointer to top of RAM
0xC1C ldi r16,low(RAMEND)
0xC1D out SPL,r16
0xC1E sei ; Enable interrupts
0xC1F <instr>  xxx

6.9.2 Interrupt Vectors in ATA6613

Table 6-28. Reset and Interrupt Vectors in ATA6613 

Vector No.
Program 

Address (2) Source Interrupt Definition

1 0x0000(1) RESET External Pin, Power-on Reset, Brown-out Reset and Watchdog System Reset

2 0x0002 INT0 External Interrupt Request 0

3 0x0004 INT1 External Interrupt Request 1

4 0x0006 PCINT0 Pin Change Interrupt Request 0

5 0x0008 PCINT1 Pin Change Interrupt Request 1

6 0x000A PCINT2 Pin Change Interrupt Request 2

7 0x000C WDT Watchdog Time-out Interrupt

8 0x000E TIMER2 COMPA Timer/Counter2 Compare Match A

9 0x0010 TIMER2 COMPB Timer/Counter2 Compare Match B

10 0x0012 TIMER2 OVF Timer/Counter2 Overflow

11 0x0014 TIMER1 CAPT Timer/Counter1 Capture Event

12 0x0016 TIMER1 COMPA Timer/Counter1 Compare Match A

13 0x0018 TIMER1 COMPB Timer/Coutner1 Compare Match B

14 0x001A TIMER1 OVF Timer/Counter1 Overflow

15 0x001C TIMER0 COMPA Timer/Counter0 Compare Match A

16 0x001E TIMER0 COMPB Timer/Counter0 Compare Match B

17 0x0020 TIMER0 OVF Timer/Counter0 Overflow

18 0x0022 SPI, STC SPI Serial Transfer Complete

19 0x0024 USART, RX USART Rx Complete

20 0x0026 USART, UDRE USART, Data Register Empty
83
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When the BOOTRST Fuse is unprogrammed, the Boot section size set to 2K bytes and the
IVSEL bit in the MCUCR Register is set before any interrupts are enabled, the most typical
and general program setup for the Reset and Interrupt Vector Addresses in ATA6613 is:

Address Labels Code Comments
0x0000 RESET: ldi r16,high(RAMEND); Main program start
0x0001 out SPH,r16 ; Set Stack Pointer to top of RAM
0x0002 ldi r16,low(RAMEND)
0x0003 out SPL,r16
0x0004 sei ; Enable interrupts
0x0005 <instr>  xxx
;
.org 0xC02
0x1C02 jmp EXT_INT0 ; IRQ0 Handler
0x1C04 jmp EXT_INT1 ; IRQ1 Handler
... ... ... ; 
0x1C32 jmp SPM_RDY ; Store Program Memory Ready Handler

When the BOOTRST Fuse is programmed and the Boot section size set to 2K bytes, the most
typical and general program setup for the Reset and Interrupt Vector Addresses in ATA6613
is:

Address Labels Code Comments
.org 0x0002
0x0002 jmp EXT_INT0 ; IRQ0 Handler
0x0004 jmp EXT_INT1 ; IRQ1 Handler
... ... ... ; 
0x0032 jmp SPM_RDY ; Store Program Memory Ready Handler
;
.org 0x1C00
0x1C00 RESET: ldi r16,high(RAMEND); Main program start
0x1C01 out SPH,r16 ; Set Stack Pointer to top of RAM
0x1C02 ldi r16,low(RAMEND)
0x1C03 out SPL,r16
0x1C04 sei ; Enable interrupts
0x1C05 <instr>  xxx
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6.12.6.3 Fast PWM Mode
The fast Pulse Width Modulation or fast PWM mode (WGM02:0 = 3 or 7) provides a high fre-
quency PWM waveform generation option. The fast PWM differs from the other PWM option
by its single-slope operation. The counter counts from BOTTOM to TOP then restarts from
BOTTOM. TOP is defined as 0xFF when WGM2:0 = 3, and OCR0A when WGM2:0 = 7. In
non-inverting Compare Output mode, the Output Compare (OC0x) is cleared on the compare
match between TCNT0 and OCR0x, and set at BOTTOM. In inverting Compare Output mode,
the output is set on compare match and cleared at BOTTOM. Due to the single-slope opera-
tion, the operating frequency of the fast PWM mode can be twice as high as the phase correct
PWM mode that use dual-slope operation. This high frequency makes the fast PWM mode
well suited for power regulation, rectification, and DAC applications. High frequency allows
physically small sized external components (coils, capacitors), and therefore reduces total
system cost.

In fast PWM mode, the counter is incremented until the counter value matches the TOP value.
The counter is then cleared at the following timer clock cycle. The timing diagram for the fast
PWM mode is shown in Figure 6-32. The TCNT0 value is in the timing diagram shown as a
histogram for illustrating the single-slope operation. The diagram includes non-inverted and
inverted PWM outputs. The small horizontal line marks on the TCNT0 slopes represent com-
pare matches between OCR0x and TCNT0.

Figure 6-32. Fast PWM Mode, Timing Diagram 

The Timer/Counter Overflow Flag (TOV0) is set each time the counter reaches TOP. If the
interrupt is enabled, the interrupt handler routine can be used for updating the compare value.

In fast PWM mode, the compare unit allows generation of PWM waveforms on the OC0x pins.
Setting the COM0x1:0 bits to two will produce a non-inverted PWM and an inverted PWM out-
put can be generated by setting the COM0x1:0 to three: Setting the COM0A1:0 bits to one
allows the OC0A pin to toggle on Compare Matches if the WGM02 bit is set. This option is not
available for the OC0B pin (see Table 6-48 on page 126). The actual OC0x value will only be
visible on the port pin if the data direction for the port pin is set as output. The PWM waveform
is generated by setting (or clearing) the OC0x Register at the compare match between OCR0x
and TCNT0, and clearing (or setting) the OC0x Register at the timer clock cycle the counter is
cleared (changes from TOP to BOTTOM).

TCNTn

OCRnx Update and 
TOVn Interrupt Flag Set

1Period 2 3

OCn

OCn

(COMnx1:0 = 2)

(COMnx1:0 = 3)

OCRnx Interrupt 
Flag Set

4 5 6 7
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Atmel ATA6612/ATA6613
Figure 6-61 shows the same timing data, but with the prescaler enabled.

Figure 6-61. Timer/Counter Timing Diagram, with Prescaler (fclk_I/O/8) 

Figure 6-62 shows the setting of OCF2A in all modes except CTC mode.

Figure 6-62. Timer/Counter Timing Diagram, Setting of OCF2A, with Prescaler (fclk_I/O/8) 

Figure 6-63 shows the setting of OCF2A and the clearing of TCNT2 in CTC mode.

Figure 6-63. Timer/Counter Timing Diagram, Clear Timer on Compare Match mode, with 
Prescaler (fclk_I/O/8) 

TOVn

TCNTn MAX - 1 MAX BOTTOM BOTTOM + 1

clkI/O

clkTN 
(clkI/O/8)

OCFnx

OCRnx

TCNTn

OCRnx Value

OCRnx - 1 OCRnx OCRnx + 1 OCRnx + 2

clkI/O

clkTn 
(clkI/O/8)

OCFnx

OCRnx

TCNTn
(CTC)

TOP

TOP - 1 TOP BOTTOM BOTTOM + 1

clkI/O

clkTN 
(clkI/O/8)
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6.22 debugWIRE On-chip Debug System

6.22.1 Features
• Complete Program Flow Control
• Emulates All On-chip Functions, Both Digital and Analog, except RESET Pin
• Real-time Operation
• Symbolic Debugging Support (Both at C and Assembler Source Level, or for Other HLLs)
• Unlimited Number of Program Break Points (Using Software Break Points)
• Non-intrusive Operation
• Electrical Characteristics Identical to Real Device
• Automatic Configuration System
• High-Speed Operation
• Programming of Non-volatile Memories

6.22.2 Overview
The debugWIRE On-chip debug system uses a One-wire, bi-directional interface to control the
program flow, execute AVR® instructions in the CPU and to program the different non-volatile
memories. 

6.22.3 Physical Interface
When the debugWIRE Enable (DWEN) Fuse is programmed and Lock bits are unpro-
grammed, the debugWIRE system within the target device is activated. The RESET port pin is
configured as a wire-AND (open-drain) bi-directional I/O pin with pull-up enabled and becomes
the communication gateway between target and emulator. 

Figure 6-113. The debugWIRE Setup 

Figure 6-113 shows the schematic of a target MCU, with debugWIRE enabled, and the emula-
tor connector. The system clock is not affected by debugWIRE and will always be the clock
source selected by the CKSEL Fuses. 

VCC

GND

dW(RESE)dW

2.7 - 5.5
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If the user has a fixed voltage source connected to the AREF pin, the user may not use the
other reference voltage options in the application, as they will be shorted to the external volt-
age. If no external voltage is applied to the AREF pin, the user may switch between AVCC and
1.1V as reference selection. The first ADC conversion result after switching reference voltage
source may be inaccurate, and the user is advised to discard this result.

6.21.5 ADC Noise Canceler
The ADC features a noise canceler that enables conversion during sleep mode to reduce
noise induced from the CPU core and other I/O peripherals. The noise canceler can be used
with ADC Noise Reduction and Idle mode. To make use of this feature, the following proce-
dure should be used:

a. Make sure that the ADC is enabled and is not busy converting. Single Conversion 
mode must be selected and the ADC conversion complete interrupt must be 
enabled.

b. Enter ADC Noise Reduction mode (or Idle mode). The ADC will start a conver-
sion once the CPU has been halted.

c. If no other interrupts occur before the ADC conversion completes, the ADC inter-
rupt will wake up the CPU and execute the ADC Conversion Complete interrupt 
routine. If another interrupt wakes up the CPU before the ADC conversion is com-
plete, that interrupt will be executed, and an ADC Conversion Complete interrupt 
request will be generated when the ADC conversion completes. The CPU will 
remain in active mode until a new sleep command is executed.

Note that the ADC will not be automatically turned off when entering other sleep modes than
Idle mode and ADC Noise Reduction mode. The user is advised to write zero to ADEN before
entering such sleep modes to avoid excessive power consumption. 

6.21.5.1 Analog Input Circuitry
The analog input circuitry for single ended channels is illustrated in Figure 6-107 on page 273
An analog source applied to ADCn is subjected to the pin capacitance and input leakage of
that pin, regardless of whether that channel is selected as input for the ADC. When the chan-
nel is selected, the source must drive the S/H capacitor through the series resistance
(combined resistance in the input path).

The ADC is optimized for analog signals with an output impedance of approximately 10 k�  or
less. If such a source is used, the sampling time will be negligible. If a source with higher
impedance is used, the sampling time will depend on how long time the source needs to
charge the S/H capacitor, with can vary widely. The user is recommended to only use low
impedant sources with slowly varying signals, since this minimizes the required charge trans-
fer to the S/H capacitor.

Signal components higher than the Nyquist frequency (fADC/2) should not be present for either
kind of channels, to avoid distortion from unpredictable signal convolution. The user is advised
to remove high frequency components with a low-pass filter before applying the signals as
inputs to the ADC.
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Figure 6-114. Read-While-Write versus No Read-While-Write 

Read-While-Write
(RWW) Section

No Read-While-Write 
(NRWW) Section

Z-pointer
Addresses RWW
Section

Z-pointer
Addresses NRWW
Section

CPU is Halted
During the Operation

Code Located in 
NRWW Section
Can be Read During
the Operation
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