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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

10MHz

12C, SPI, UART/USART
Brown-out Detect/Reset, POR, PWM, WDT
23

16KB (8K x 16)

FLASH

512x8

1K x 8

1.8V ~ 5.5V

A/D 8x10b

Internal

-40°C ~ 85°C (TA)
Surface Mount
32-VFQFN Exposed Pad
32-VQFN (5x5)
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Table 6-13.  Start-up Times for the External Clock Selection

Start-up Time from Power- Additional Delay from
Power Conditions down and Power-save Reset (V¢ = 5.0V) SUT1..0
BOD enabled 6 CK 14CK 00
Fast rising power 6 CK 14CK + 4.1 ms 01

When applying an external clock, it is required to avoid sudden changes in the applied clock fre-
guency to ensure stable operation of the MCU. A variation in frequency of more than 2% from
one clock cycle to the next can lead to unpredictable behavior. If changes of more than 2% is
required, ensure that the MCU is kept in Reset during the changes.

Note that the System Clock Prescaler can be used to implement run-time changes of the internal
clock frequency while still ensuring stable operation. Refer to "System Clock Prescaler” on page
34 for details.

6.9 Clock Output Buffer

The device can output the system clock on the CLKO pin. To enable the output, the CKOUT
Fuse has to be programmed. This mode is suitable when the chip clock is used to drive other cir-
cuits on the system. The clock also will be output during reset, and the normal operation of 1/0
pin will be overridden when the fuse is programmed. Any clock source, including the internal RC
Oscillator, can be selected when the clock is output on CLKO. If the System Clock Prescaler is
used, it is the divided system clock that is output.

6.10 Timer/Counter Oscillator

The device can operate its Timer/Counter2 from an external 32.768 kHz watch crystal or a exter-
nal clock source. The Timer/Counter Oscillator Pins (TOSC1 and TOSC?2) are shared with
XTAL1 and XTAL2. This means that the Timer/Counter Oscillator can only be used when an
internal RC Oscillator is selected as system clock source. See Figure 6-2 on page 28 for crystal
connection.

Applying an external clock source to TOSC1 requires EXTCLK in the ASSR Register written to
logic one. See "Asynchronous operation of the Timer/Counter” on page 155 for further descrip-
tion on selecting external clock as input instead of a 32 kHz crystal.

6.11 System Clock Prescaler
The ATmega48/88/168 has a system clock prescaler, and the system clock can be divided by
setting the "Clock Prescale Register — CLKPR” on page 357. This feature can be used to
decrease the system clock frequency and the power consumption when the requirement for pro-
cessing power is low. This can be used with all clock source options, and it will affect the clock
frequency of the CPU and all synchronous peripherals. clk;q, Clkapc, Clkepy, and clkg agy are
divided by a factor as shown in Table 8-1 on page 44.

When switching between prescaler settings, the System Clock Prescaler ensures that no
glitches occurs in the clock system. It also ensures that no intermediate frequency is higher than
neither the clock frequency corresponding to the previous setting, nor the clock frequency corre-
sponding to the new setting. The ripple counter that implements the prescaler runs at the
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5. AVR ATmega48/88/168 Memories

L L B oL

i 1

5.1 In-System Reprogrammable Flash Program Memory
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» Bit 0 — EERE: EEPROM Read Enable
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Table 5-2.

Symbol

Number of Calibrated RC Osc illator Cycles

Typ Programming Time
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EEPROM_read:

; Wait for completion of previous write
shic EECR,EEPE

rjmp EEPROM_read

; Set up address (r18:r17) in address register
out EEARH, r18

out EEARL, rl7

; Start eeprom read by writing EERE
shi EECR,EERE

; Read data from Data Register

in rl6,EEDR

ret

2

unsigned char

{

[* Wait for completion of previous write */
while(EECR & (1<<EEPE))

[* Set up address register */

EEAR = uviAddress;

[* Start eeprom read by writing EERE */
EECR |= (1<<EERE);

[* Return data from Data Register */
return EEDR;

EEPROM_read( unsigned int

5.3.5 Preventing EEPROM Corruption
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6.1.4 Asynchronous Timer Clock — clk  agy
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6.1.5 ADC Clock — clk spc
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6.2 Clock Sources
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Device Clocking Option CKSEL3..0
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6.2.1 Default Clock Source
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Table 6-9. B B
Start-up Time from Power- Additional Delay from
Power Conditions down and Power-save Reset (V¢ = 5.0V) SUT1..0
B B K 1 0
2] B B 0
] B B 4 Q
& 1
8 1@ W
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6.6.1 Oscillator Calibra tion Register —- OSCCAL
B 7 6 5 4 3 2 1 0
| cAa7 | cae | cALs CAL4 CAL3 CAL2 CAL1 CALO  JosccAL
® R R R R R R R R
L B

e Bits 7..0 — CAL7..0: Oscillator Calibration Value
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Table 9-5. ® t
BOOTRST IVSEL Reset Address Inter rupt Vectors Start Address
1 0 Qf ]
1 1 g .
0 0 # @
0 1 8 B
B 1 g ®
B
L
B
Address Labels Code Comments
0x0000 jmp RESET ; Reset Handler
0x0002 jmp EXT_INTO ; IRQO Handler
0x0004 jimp EXT_INT1 ; IRQ1 Handler
0x0006 jmp PCINTO ; PCINTO Handler
0x0008 jmp PCINT1 ; PCINT1 Handler
0x000A jimp PCINT2 ; PCINT2 Handler
0x000C jmp WDT ; Watchdog Timer Handler
0x000E jmp TIM2_COMPA ; Timer2 Compare A Handler
0x0010 jimp TIM2_COMPB ; Timer2 Compare B Handler
0x0012 jmp TIM2_OVF ; Timer2 Overflow Handler
0x0014 jmp TIM1_CAPT ; Timerl Capture Handler
0x0016 jimp TIM1_COMPA ; Timerl Compare A Handler
0x0018 jmp TIM1_COMPB ; Timerl Compare B Handler
0x001A jmp TIM1_OVF ; Timerl Overflow Handler
0x001C jmp TIMO_COMPA ; Timer0 Compare A Handler
0x001E jmp TIMO_COMPB ; Timer0O Compare B Handler
0x0020 jmp TIMO_OVF ; TimerO Overflow Handler
0x0022 jmp SPI_STC ; SPI Transfer Complete Handler
0x0024 jmp USART_RXC ; USART, RX Complete Handler
0x0026 jmp USART_UDRE ; USART, UDR Empty Handler
0x0028 jmp USART_TXC ; USART, TX Complete Handler
0x002A jmp ADC ; ADC Conversion Complete Handler
0x002C jmp EE_RDY ; EEPROM Ready Handler
0x002E jmp ANA_COMP ; Analog Comparator Handler
0x0030 jmp TWI ; 2-wire Serial Interface Handler
0x0032 jmp SPM_RDY ; Store Program Memory Ready Handler
60  ATmega48/88/168 mu— ——————
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Figure 12-5. #
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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 15-6. The TCNT2 value is in the timing diagram shown as a his-
togram for illustrating the single-slope operation. The diagram includes non-inverted and
inverted PWM outputs. The small horizontal line marks on the TCNT2 slopes represent compare
matches between OCR2x and TCNT2.

Figure 15-6. Fast PWM Mode, Timing Diagram

OCRnx Interrupt Flag Set

OCRnNx Update and
TOVn Interrupt Flag Set

A /
m//////
oCnx (COMNXL:0 = 2)

OCnx |_| (COMnx1:0 = 3)
Periodl-—1l2l3l4ltlel7—»|

The Timer/Counter Overflow Flag (TOV2) is set each time the counter reaches TOP. If the inter-
rupt 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 OC2x pin.
Setting the COM2x1.:0 bits to two will produce a non-inverted PWM and an inverted PWM output
can be generated by setting the COM2x1:0 to three. TOP is defined as OxFF when WGM2:0 = 3,
and OCR2A when MGM2:0 = 7. (See Table 15-3 on page 149). The actual OC2x value will only
be visible on the port pin if the data direction for the port pin is set as output. The PWM wave-
form is generated by setting (or clearing) the OC2x Register at the compare match between
OCR2x and TCNTZ2, and clearing (or setting) the OC2x Register at the timer clock cycle the
counter is cleared (changes from TOP to BOTTOM).

The PWM frequency for the output can be calculated by the following equation:

— 1:clk 1/0

focewm = 356

The N variable represents the prescale factor (1, 8, 32, 64, 128, 256, or 1024).

The extreme values for the OCR2A Register represent special cases when generating a PWM
waveform output in the fast PWM mode. If the OCR2A is set equal to BOTTOM, the output will
be a narrow spike for each MAX+1 timer clock cycle. Setting the OCR2A equal to MAX will result
in a constantly high or low output (depending on the polarity of the output set by the COM2A1:0
bits.)

A frequency (with 50% duty cycle) waveform output in fast PWM mode can be achieved by set-
ting OC2x to toggle its logical level on each compare match (COM2x1:0 = 1). The waveform
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The value of these bits selects which analog inputs are connected to the ADC. See Table 21-3
for detalils. If these bits are changed during a conversion, the change will not go in effect until this
conversion is complete (ADIF in ADCSRA is set).

Table 21-3.  Input Channel Selections

MUX3..0 Single Ended Input
0000 ADCO
0001 ADC1
0010 ADC2
0011 ADC3
0100 ADC4
0101 ADC5
0110 ADC6
0111 ADC7
1000 (reserved)
1001 (reserved)
1010 (reserved)
1011 (reserved)
1100 (reserved)
1101 (reserved)
1110 1.1V (Vgg)
1111 0V (GND)

21.6.2 ADC Control and Status Register A ADCSRA

Bit 7 6 5 4 3 2 1 0

| ADEN | ADSC | ADATE ADIF ADIE ADPS2 ADPS1 ADPSO | ADCSRA
Read/Write RIW RIW R/W RIW R/W RIW R/W RIW
Initial Value 0 0 0 0 0 0 0 0

Bit 7 ADEN: ADC Enable

Writing this bit to one enables the ADC. By writing it to zero, the ADC is turned off. Turning the
ADC off while a conversion is in progress, will terminate this conversion.

Bit 6 ADSC: ADC Start Conversion
In Single Conversion mode, write this bit to one to start each conversion. In Free Running mode,
write this bit to one to start the first conversion. The first conversion after ADSC has been written
after the ADC has been enabled, or if ADSC is written at the same time as the ADC is enabled,
will take 25 ADC clock cycles instead of the normal 13. This first conversion performs initializa-
tion of the ADC.

ADSC will read as one as long as a conversion is in progress. When the conversion is complete,
it returns to zero. Writing zero to this bit has no effect.

A mEI% 251
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: return to RWW section

; verify that RWW section is safe to read
Return:

in templ, SPMCSR

sbrs templ, RWWSB ; I RWWSB is set, the RWW section is not ready yet

ret

; re-enable the RWW section

Idi spmcrval, (1<<RWWSRE) | (1<<SELFPRGEN)
rcallDo_spm

rfmp Return

Do_spm:
; check for previous SPM complete
Wait_spm:
in templ, SPMCSR
sbrc templ, SELFPRGEN
rjmp Wait_spm
; input: spmcrval determines SPM action
; disable interrupts if enabled, store status
in temp2, SREG
cli
; check that no EEPROM write access is present
Wait_ee:
shic EECR, EEPE
rmp Wait_ee
; SPM timed sequence
out SPMCSR, spmcrval
spm
; restore SREG (to enable interrupts if originally enabled)
out SREG, temp2
ret

ATMEL
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29. Instruction Set Summary

ATMEL

Mnemonics | Operands | Description Operation Flags #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
B R B 3R B 1
B B » B 3R B 1
w R w B 3R B 2
B R 8 B 3R B 1
B R B B 3r B 1
B R » R 3| B 1
8 R » R e B 1
W R W B 3R B 2
B 5 & 3] R B 1
B R 5 R 3B K B 1
) E ) 3R B 1
R R ) B IR B 1
R R ® B 3B #R B 1
& B 38 48 H
B ) ® 3 4B H 1
B R B 3R B 1
B R B B 3R § ¥
§ & i R 3R B 1
B 33 ) [:3 3R 41 ] L
5 & w 3B B B 1
B B g & 3B #B H 1
B & 8 B 3 n 1
M [:S W 3R z 2
5 R ¥ 3R z 2
S R » B 3R z 2
2] R w [ 3R ES z 2
B R ¥ B 3R kS z 2
i 2 ] B cl S 2 2
BRANCH INSTRUCTIONS
® K ® e 3B b 2
[ B B 37 " b
m k 2] e "3 k 2] 3
B k B e 3e B 3
5 E e 3z o 3
[ k ) [ 3k bl 4
R B e 3K B 4
R B e 3K | )
8 R B B 3e b 8
e E @ & 4R B 1
3 R m 4R 4C B 1
B B B B 4K "] 1
B B B B e Bl 8
B R B B e B 2
B P ) B e b 8
B ) » E e N 8
B 5 8 B 3E o
B & 8 B e B
R K 5 E 3 B 2
! k [ 3E B 2
8 K B 3E B 2
B K B 3E N 2
B K B B 3e ! 2
B k B E 3E B 2
B k u B 3E B 2
R k B B 3E B 2
B k 8 Y 4E 3E B 2
B K 8 I #E 3E B 2
B k 5 B 3E B 2
B K ) B 3e ! 2
B K B 3 N 2
B k 5 B 3E B 2
8 K ® E 3E B 2
I K B g 3p b 2
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