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1.1.4 RESET

Port B also serves the functions of various special features of the ATtiny24/44/84 as listed in
Section 10.2 “Alternate Port Functions” on page 58.

Reset input. A low level on this pin for longer than the minimum pulse length will generate a
reset, even if the clock is not running and provided the reset pin has not been disabled. The min-
imum pulse length is given in Table 20-4 on page 177. Shorter pulses are not guaranteed to
generate a reset.

The reset pin can also be used as a (weak) I/O pin.

115  Port A (PA7:PA0)

8006K-AVR-10/10

Port A is a 8-bit bi-directional I/O 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 A has alternate functions as analog inputs for the ADC, analog comparator, timer/counter,
SPI and pin change interrupt as described in “Alternate Port Functions” on page 58.

ATMEL ;



4.6

4.7

12

ATMEL

Instruction Execution Timing

This section describes the general access timing concepts for instruction execution. The AVR
CPU is driven by the CPU clock clkgpy, directly generated from the selected clock source for the
chip. No internal clock division is used.

Figure 4-4 shows the parallel instruction fetches and instruction executions enabled by the Har-
vard architecture and the fast access Register File concept. This is the basic pipelining concept
to obtain up to 1 MIPS per MHz with the corresponding unique results for functions per cost,
functions per clocks, and functions per power-unit.

Figure 4-4. The Parallel Instruction Fetches and Instruction Executions
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Figure 4-5 shows the internal timing concept for the Register File. In a single clock cycle an ALU
operation using two register operands is executed, and the result is stored back to the destina-
tion register.

Figure 4-5. Single Cycle ALU Operation
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Reset and Interrupt Handling

The AVR provides several different interrupt sources. These interrupts and the separate Reset
Vector each have a separate Program Vector in the Program memory space. All interrupts are
assigned individual enable bits which must be written logic one together with the Global Interrupt
Enable bit in the Status Register in order to enable the interrupt.

The lowest addresses in the Program memory space are by default defined as the Reset and
Interrupt Vectors. The complete list of vectors is shown in “Interrupts” on page 48. The list also
determines the priority levels of the different interrupts. The lower the address the higher is the

ATiiny24/44/84 m——————————
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When using register indirect addressing modes with automatic pre-decrement and post-incre-
ment, the address registers X, Y, and Z are decremented or incremented.

The 32 general purpose working registers, 64 1/O Registers, and the 128/256/512 bytes of inter-
nal data SRAM in the ATtiny24/44/84 are all accessible through all these addressing modes.
The Register File is described in “General Purpose Register File” on page 10.

Figure 5-2. Data Memory Map
Data Memory

32 Registers 0x0000 - Ox001F
64 1/0 Registers | 0x0020 - 0x005F
0x0060
Internal SRAM
(128/256/512 x 8)
0xODF/0x015F/0x025F

5.2.1 Data Memory Access Times
This section describes the general access timing concepts for internal memory access. The
internal data SRAM access is performed in two clkgpy cycles as illustrated in Figure 5-3.

Figure 5-3. On-chip Data SRAM Access Cycles
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5.3 EEPROM Data Memory
The ATtiny24/44/84 contains 128/256/512 bytes of data EEPROM memory. It is organized as a
separate data space, in which single bytes can be read and written. The EEPROM has an
endurance of at least 100,000 write/erase cycles. The access between the EEPROM and the
CPU is described in the following, specifying the EEPROM Address Registers, the EEPROM
Data Register, and the EEPROM Control Register. For a detailed description of Serial data
downloading to the EEPROM, see “Serial Programming” on page 163.

16 ATiiny24/44/84 m——————————
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5.3.1

5.3.2

5.3.3

5.3.4

5.3.5

EEPROM Read/Write Access

The EEPROM Access Registers are accessible in the I/O space.

The write access times for the EEPROM are given in Table 5-1 on page 22. A self-timing func-
tion, however, lets the user software detect when the next byte can be written. If the user code
contains instructions that write the EEPROM, some precautions must be taken. In heavily fil-
tered power supplies, V. is likely to rise or fall slowly on Power-up/down. This causes the
device for some period of time to run at a voltage lower than specified as minimum for the clock
frequency used. See “Preventing EEPROM Corruption” on page 19 for details on how to avoid
problems in these situations.

In order to prevent unintentional EEPROM writes, a specific write procedure must be followed.
See “Atomic Byte Programming” on page 17 and “Split Byte Programming” on page 17 for
details on this.

When the EEPROM is read, the CPU is halted for four clock cycles before the next instruction is
executed. When the EEPROM is written, the CPU is halted for two clock cycles before the next
instruction is executed.

Atomic Byte Programming

Using Atomic Byte Programming is the simplest mode. When writing a byte to the EEPROM, the
user must write the address into register EEAR and data into register EEDR. If the EEPMn bits
are zero, writing EEPE (within four cycles after EEMPE is written) will trigger the erase/write
operation. Both the erase and write cycle are done in one operation and the total programming
time is given in Table 5-1 on page 22. The EEPE bit remains set until the erase and write opera-
tions are completed. While the device is busy with programming, it is not possible to do any
other EEPROM operations.

Split Byte Programming

Erase

Write

8006K-AVR-10/10

It is possible to split the erase and write cycle in two different operations. This may be useful if
the system requires short access time for some limited period of time (typically if the power sup-
ply voltage falls). In order to take advantage of this method, it is required that the locations to be
written have been erased before the write operation. But since the erase and write operations
are split, it is possible to do the erase operations when the system allows doing time-critical
operations (typically after Power-up).

To erase a byte, the address must be written to EEAR. If the EEPMn bits are 0b01, writing the
EEPE (within four cycles after EEMPE is written) will trigger the erase operation only (program-
ming time is given in Table 5-1 on page 22). The EEPE bit remains set until the erase operation
completes. While the device is busy programming, it is not possible to do any other EEPROM
operations.

To write a location, the user must write the address into EEAR and the data into EEDR. If the
EEPMn bits are 0b10, writing the EEPE (within four cycles after EEMPE is written) will trigger
the write operation only (programming time is given in Table 5-1 on page 22). The EEPE bit
remains set until the write operation completes. If the location to be written has not been erased
before write, the data that is stored must be considered as lost. While the device is busy with
programming, it is not possible to do any other EEPROM operations.

ATMEL L
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* Bit 4 — PCIEO: Pin Change Interrupt Enable 0

When the PCIEO bit is set (one) and the I-bit in the Status Register (SREG) is set (one), pin
change interrupt 0 is enabled. Any change on any enabled PCINT7:0 pin will cause an interrupt.
The corresponding interrupt of Pin Change Interrupt Request is executed from the PCIO Inter-
rupt Vector. PCINT7:0 pins are enabled individually by the PCMSKO Register.

9.3.3 GIFR — General Interrupt Flag Register

Bit 7 6 5 4 3 2 1 0

0x3A (OX5A | - | INTFo PCIF1 PCIFO - - | crFr
Read/Write R R/W R/W R/W R R R

Initial Value 0 0 0 0 0 0 0 0

¢ Bits 7, 3:0 — Res: Reserved Bits
These bits are reserved in the ATtiny24/44/84 and will always read as zero.

¢ Bit 6 — INTFO: External Interrupt Flag 0
When an edge or logic change on the INTO pin triggers an interrupt request, INTFO becomes set
(one). If the I-bit in SREG and the INTO bit in GIMSK are set (one), the MCU will jump to the cor-
responding Interrupt Vector. The flag is cleared when the interrupt routine is executed.
Alternatively, the flag can be cleared by writing a logical one to it. This flag is always cleared
when INTO is configured as a level interrupt.

e Bit 5 - PCIF1: Pin Change Interrupt Flag 1

When a logic change on any PCINT11:8 pin triggers an interrupt request, PCIF1 becomes set
(one). If the I-bit in SREG and the PCIE1 bit in GIMSK are set (one), the MCU will jump to the
corresponding Interrupt Vector. The flag is cleared when the interrupt routine is executed. Alter-
natively, the flag can be cleared by writing a logical one to it.

e Bit 4 — PCIFO: Pin Change Interrupt Flag 0

When a logic change on any PCINT7:0 pin triggers an interrupt request, PCIF becomes set
(one). If the I-bit in SREG and the PCIEO bit in GIMSK are set (one), the MCU will jump to the
corresponding Interrupt Vector. The flag is cleared when the interrupt routine is executed. Alter-
natively, the flag can be cleared by writing a logical one to it.

9.34 PCMSK1 - Pin Change Mask Register 1

Bit 7 6 5 4 3 2 1 0

0x20 (0x40) I - ] - | - PCINT11 PCINT10 PCINT9 PCINT8 | PCMSK1
Read/Write R R R R R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

* Bits 7:4 — Res: Reserved Bits
These bits are reserved in the ATtiny24/44/84 and will always read as zero.

e Bits 3:0 — PCINT11:8: Pin Change Enable Mask 11:8

Each PCINT11:8 bit selects whether pin change interrupt is enabled on the corresponding I/O
pin. If PCINT11:8 is set and the PCIE1 bit in GIMSK is set, pin change interrupt is enabled on
the corresponding 1/O pin. If PCINT11:8 is cleared, pin change interrupt on the corresponding
I/0 pin is disabled.

52 ATiiny24/44/84 m——————————
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* Port A, Bit 6 — ADC6/DI/SDA/MOSI/OC1A/PCINT6
* ADCB6: Analog to Digital Converter, Channel 6.
* SDA: Two-wire mode Serial Interface Data.

¢ DI: Data Input in USI Three-wire mode. USI Three-wire mode does not override normal port

functions, so pin must be configure as an input for DI function.

¢ MOSI: Master Data output, Slave Data input for SPI channel. When the SPI is enabled as a
Slave, this pin is configured as an input regardless of the setting of DDA6. When the SPl is
enabled as a Master, the data direction of this pin is controlled by DDA6. When the pin is
forced by the SPI to be an input, the pull-up can still be controlled by the PORTA® bit.

¢ OC1A, Output Compare Match output: The PA6 pin can serve as an external output for the
Timer/Counter1 Compare Match A. The pin has to be configured as an output (DDA6 set
(one)) to serve this function. This is also the output pin for the PWM mode timer function.

* PCINT®6: Pin Change Interrupt source 6. The PA6 pin can serve as an external interrupt

source for pin change interrupt 0.

* Port A, Bit 7 — ADC7/0COB/ICP1/PCINT7
e ADC7: Analog to Digital Converter, Channel 7.

¢ OCOB, Output Compare Match output: The PA7 pin can serve as an external output for the
Timer/Counter0 Compare Match B. The pin has to be configured as an output (DDA7 set
(one)) to serve this function. This is also the output pin for the PWM mode timer function.

* ICP1, Input Capture Pin: The PA7 pin can act as an Input Capture Pin for Timer/Counter1.

¢ PCINT7: Pin Change Interrupt source 7. The PA7 pin can serve as an external interrupt

source for pin change interrupt 0.

Table 10-4 and Table 10-6 relate the alternate functions of Port A to the overriding signals
shown in Figure 10-5 on page 59.

Table 10-4.  Overriding Signals for Alternate Functions in PA7:PA5
Signal | PA7/ADC7/0COB/ICP1/ PA6/ADC6/DI/SDA/MOSI/ | PA5/ADC5/MISO/DO/
Name | PCINT7 OC1A/ PCINT6 OC1B/ PCINT5
PUOE | 0 0 0
PUOV |0 0 0
DDOE | 0 USIWM1 0
DDOV | 0 (SDA + PORTA6) e DDA6 | O
PVOE | OCOB enable ng\A/\vgnr:a-b IIzDAG) + (el;ELYZM1 + USIWMO) + OC1B
PVOV | OCOB (USIWM1+ DDAB)  OC1A EJUSS“I/\\IIVNI\I/:1.+U%)E3%E B
PTOE | 0 0 0
DIEOE | PCINT7 « PCIEO + ADC7D gg:g'of I XFI;CC';';[T;S ' PCINTS5  PCIE + ADC5D
DIEOV | PCINT7 « PCIEOQ USISIE + PCINT7 « PCIEO | PCINT5 « PCIE
DI PCINT7/ICP1 Input DI/SDA/PCINT® Input PCINTS5 Input
AlIO ADC?7 Input ADCS6 Input ADCS5 Input

8006K-AVR-10/10
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11. 8-bit Timer/Counter0 with PWM

11.1 Features
* Two Independent Output Compare Units
* Double Buffered Output Compare Registers
¢ Clear Timer on Compare Match (Auto Reload)
¢ Glitch Free, Phase Correct Pulse Width Modulator (PWM)
* Variable PWM Period
* Frequency Generator
* Three Independent Interrupt Sources (TOV0, OCFO0A, and OCFO0B)

11.2 Overview

Timer/Counter0 is a general purpose 8-bit Timer/Counter module, with two independent Output
Compare Units, and with PWM support. It allows accurate program execution timing (event man-
agement) and wave generation.

A simplified block diagram of the 8-bit Timer/Counter is shown in Figure 11-1 on page 69. For
the actual placement of I/O pins, refer to Figure 1-1 on page 2. CPU accessible I/O Registers,
including 1/O bits and I/O pins, are shown in bold. The device-specific I/O Register and bit loca-
tions are listed in the “Register Description” on page 80.

Figure 11-1. 8-bit Timer/Counter Block Diagram
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Signal description (internal signals):

Count Increment or decrement TCNT1 by 1.

Direction Select between increment and decrement.

Clear Clear TCNT1 (set all bits to zero).

clkq, Timer/Counter clock.

TOP Signalize that TCNT1 has reached maximum value.
BOTTOM Signalize that TCNT1 has reached minimum value (zero).

The 16-bit counter is mapped into two 8-bit I/O memory locations: Counter High (TCNT1H) con-
taining the upper eight bits of the counter, and Counter Low (TCNT1L) containing the lower eight
bits. The TCNT1H Register can only be indirectly accessed by the CPU. When the CPU does an
access to the TCNT1H I/O location, the CPU accesses the high byte temporary register (TEMP).
The temporary register is updated with the TCNT1H value when the TCNT1L is read, and
TCNT1H is updated with the temporary register value when TCNT1L is written. This allows the
CPU to read or write the entire 16-bit counter value within one clock cycle via the 8-bit data bus.
It is important to notice that there are special cases of writing to the TCNT1 Register when the
counter is counting that will give unpredictable results. The special cases are described in the
sections where they are of importance.

Depending on the mode of operation used, the counter is cleared, incremented, or decremented
at each timer clock (clks,). The clky, can be generated from an external or internal clock source,
selected by the Clock Select bits (CS12:0). When no clock source is selected (CS12:0 = 0) the
timer is stopped. However, the TCNT1 value can be accessed by the CPU, independent of
whether clky; is present or not. A CPU write overrides (has priority over) all counter clear or
count operations.

The counting sequence is determined by the setting of the Waveform Generation mode bits
(WGM13:0) located in the Timer/Counter Control Registers A and B (TCCR1A and TCCR1B).
There are close connections between how the counter behaves (counts) and how waveforms
are generated on the Output Compare outputs OC1x. For more details about advanced counting
sequences and waveform generation, see “Modes of Operation” on page 96.

The Timer/Counter Overflow Flag (TOV1) is set according to the mode of operation selected by
the WGM13:0 bits. TOV1 can be used for generating a CPU interrupt.

Input Capture Unit

The Timer/Counter incorporates an Input Capture unit that can capture external events and give
them a time-stamp indicating time of occurrence. The external signal indicating an event, or mul-
tiple events, can be applied via the ICP1 pin or alternatively, via the analog-comparator unit. The
time-stamps can then be used to calculate frequency, duty-cycle, and other features of the sig-
nal applied. Alternatively the time-stamps can be used for creating a log of the events.

The Input Capture unit is illustrated by the block diagram shown in Figure 12-3 on page 91. The
elements of the block diagram that are not directly a part of the Input Capture unit are gray
shaded. The small “n” in register and bit names indicates the Timer/Counter number.

ATiiny24/44/84 m——————————

8006K-AVR-10/10



e A T1iNy24/44/84

Figure 12-3. Input Capture Unit Block Diagram
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When a change of the logic level (an event) occurs on the Input Capture pin (ICP1), alternatively
on the Analog Comparator output (ACO), and this change confirms to the setting of the edge
detector, a capture will be triggered. When a capture is triggered, the 16-bit value of the counter
(TCNT1) is written to the Input Capture Register (ICR1). The Input Capture Flag (ICF1) is set at
the same system clock as the TCNT1 value is copied into ICR1 Register. If enabled (ICIE1 = 1),
the Input Capture Flag generates an Input Capture interrupt. The ICF1 flag is automatically
cleared when the interrupt is executed. Alternatively the ICF1 flag can be cleared by software by
writing a logical one to its I/O bit location.

Reading the 16-bit value in the Input Capture Register (ICR1) is done by first reading the low
byte (ICR1L) and then the high byte (ICR1H). When the low byte is read the high byte is copied
into the high byte temporary register (TEMP). When the CPU reads the ICR1H I/O location it will
access the TEMP Register.

The ICR1 Register can only be written when using a Waveform Generation mode that utilizes
the ICR1 Register for defining the counter's TOP value. In these cases the Waveform Genera-
tion mode (WGM13:0) bits must be set before the TOP value can be written to the ICR1
Register. When writing the ICR1 Register the high byte must be written to the ICR1H 1/O location
before the low byte is written to ICR1L.

For more information on how to access the 16-bit registers refer to “Accessing 16-bit Registers”
on page 105.

12.5.1 Input Capture Trigger Source
The main trigger source for the Input Capture unit is the Input Capture pin (ICP1).
Timer/Counter1 can alternatively use the Analog Comparator output as trigger source for the
Input Capture unit. The Analog Comparator is selected as trigger source by setting the Analog

ATMEL o
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12.8 Modes of Operation

12.8.1

12.8.2

96

Normal Mode

The mode of operation, i.e., the behavior of the Timer/Counter and the Output Compare pins, is
defined by the combination of the Waveform Generation mode (WGM13:0) and Compare Output
mode (COM1x1:0) bits. The Compare Output mode bits do not affect the counting sequence,
while the Waveform Generation mode bits do. The COM1x1:0 bits control whether the PWM out-
put generated should be inverted or not (inverted or non-inverted PWM). For non-PWM modes
the COM1x1:0 bits control whether the output should be set, cleared or toggle at a compare
match (“Compare Match Output Unit” on page 94)

For detailed timing information refer to “Timer/Counter Timing Diagrams” on page 103.

The simplest mode of operation is the Normal mode (WGM13:0 = 0). In this mode the counting
direction is always up (incrementing), and no counter clear is performed. The counter simply
overruns when it passes its maximum 16-bit value (MAX = OxFFFF) and then restarts from the
BOTTOM (0x0000). In normal operation the Timer/Counter Overflow Flag (TOV1) will be set in
the same timer clock cycle as the TCNT1 becomes zero. The TOV1 flag in this case behaves
like a 17th bit, except that it is only set, not cleared. However, combined with the timer overflow
interrupt that automatically clears the TOV1 flag, the timer resolution can be increased by soft-
ware. There are no special cases to consider in the Normal mode, a new counter value can be
written anytime.

The Input Capture unit is easy to use in Normal mode. However, observe that the maximum
interval between the external events must not exceed the resolution of the counter. If the interval
between events are too long, the timer overflow interrupt or the prescaler must be used to
extend the resolution for the capture unit.

The Output Compare units can be used to generate interrupts at some given time. Using the
Output Compare to generate waveforms in Normal mode is not recommended, since this will
occupy too much of the CPU time.

Clear Timer on Compare Match (CTC) Mode

In Clear Timer on Compare or CTC mode (WGM13:0 = 4 or 12), the OCR1A or ICR1 Register
are used to manipulate the counter resolution. In CTC mode the counter is cleared to zero when
the counter value (TCNT1) matches either the OCR1A (WGM13:0 = 4) or the ICR1 (WGM13:0 =
12). The OCR1A or ICR1 define the top value for the counter, hence also its resolution. This
mode allows greater control of the compare match output frequency. It also simplifies the opera-
tion of counting external events.

The timing diagram for the CTC mode is shown in Figure 12-6 on page 97. The counter value
(TCNT1) increases until a compare match occurs with either OCR1A or ICR1, and then counter
(TCNT1) is cleared.

ATiiny24/44/84 m——————————
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Figure 16-1. Analog to Digital Converter Block Schematic
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16.3 Operation
The ADC converts an analog input voltage to a 10-bit digital value through successive approxi-
mation. The minimum value represents GND and the maximum value represents the reference
voltage.The voltage reference for the ADC may be selected by writing to the REFS1:0 bits in
ADMUX. The VCC supply, the AREF pin or an internal 1.1V voltage reference may be selected
as the ADC voltage reference.

The analog input channel and differential gain are selected by writing to the MUX5:0 bits in
ADMUX. Any of the eight ADC input pins ADC7:0 can be selected as single ended inputs to the
ADC. For differential measurements all analog inputs next to each other can be selected as a
input pair. Every input is also possible to measure with ADC3. These pairs of differential inputs
are measured by ADC trough the differential gain amplifier.

AImEl@ 133
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19.5 Serial Programming

ATtiny24/44/84

Both the Flash and EEPROM memory arrays can be programmed using the serial SPI bus while
RESET is pulled to GND. The serial interface consists of pins SCK, MOSI (input) and MISO (out-
put). See Figure 19-1 below.

Figure 19-1. Serial Programming and Verify

Note:  If clocked by internal oscillator there is no need to connect a clock source to the CLKI pin.

MOSI ———»

MISO €«———

SCK ———»

—»| RESET

GND

VCC

+1.8 - 5.5V

| T

After RESET is set low, the Programming Enable instruction needs to be executed first before
program/erase operations can be executed.

Table 19-10. Pin Mapping Serial Programming

Symbol Pins /0 Description
MOSI PAG | Serial Data in
MISO PA5 (0] Serial Data out
SCK PA4 I Serial Clock

Note:  In Table 19-10 above, the pin mapping for SPI programming is listed. Not all devices use the SPI

pins dedicated for the internal SPI interface.

When programming the EEPROM, an auto-erase cycle is built into the self-timed programming
operation (in the Serial mode ONLY) and there is no need to first execute the Chip Erase
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20.9 High-Voltage Serial Programming Characteristics

Figure 20-6. High-voltage Serial Programming Timing

SDI (PA6), SlI (PA5) X X X

bysH |efe > ISHIX lsLsH

SCI (PBO) \_/QK
tsHsL

SDO (PA4) * X
“lsHov

Table 20-13. High-voltage Serial Programming Characteristics
Ta = 25°C, Vi = 5V (Unless otherwise noted)

Symbol Parameter Min | Typ | Max | Units
tsHsL SCI (PBO0) Pulse Width High 125 ns
tsLsH SCI (PBO) Pulse Width Low 125 ns
tivsH SDI (PA8), Sl (PB1) Valid to SCI (PB0) High 50 ns
tsHix SDI (PA6), Sl (PB1) Hold after SCI (PBO) High 50 ns
tshov SCI (PBO) High to SDO (PA4) Valid 16 ns

twiwH_PFB Wait after Instr. 3 for Write Fuse Bits 25 ms
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Table 21-2.  Additional Current Consumption (percentage) in Active and Idle mode

Current consumption additional to Current consumption additional to
active mode with external clock idle mode with external clock
PRR bit (see Figure 21-1 and Figure 21-2) (see Figure 21-6 and Figure 21-7)
PRTIMA 1.8 % 8.0 %
PRTIMO 23 % 10.4 %
PRUSI 1.4 % 6.1 %
PRADC 6.7 % 28.8 %

2111 Example
Calculate the expected current consumption in idle mode with USI, TIMERO, and ADC enabled
at Voo =2.0V and f = 1MHz. From Table 21-2 on page 186, third column, we see that we need to
add 6.1% for the USI, 10.4% for TIMERO, and 28.8% for the ADC. Reading from Figure 21-6 on
page 189, we find that current consumption in idle mode at 2V and 1MHz is about 0.04mA. The
total current consumption in idle mode with USI, TIMERO, and ADC enabled is therefore:

lccToT = 0,04mA4 x (1 + 0,061 + 0,104 + 0,288) ~ 0,06mA

21.2 Active Supply Current

Figure 21-1. Active Supply Current vs. Low Frequency (0.1 - 1.0 MHz)

ACTIVE SUPPLY CURRENT vs. LOW FREQUENCY
(PRR=0XFF)

1 55V
5.0V
0.8 /
R / 45V
£ 06 // a0V
3
- /
/// / 33V
B ///// L — 27v
|
A== e
I
Ee—==
0 T i
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Frequency (MHz)
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Figure 21-2. Active Supply Current vs. frequency (1 - 20 MHz)
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IDLE SUPPLY CURRENT vs. V¢c
INTERNAL RC OSCILLATOR, 128 KHz

ATtiny24/44/84

Figure 21-10. Idle Supply Current vs. V. (Internal RC Oscillator, 128 kHz)

21.4 Power-down Supply Current
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Figure 21-11. Power-down Supply Current vs. V¢ (Watchdog Timer Disabled)
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Figure 21-40. Calibrated 8 MHz RC Oscillator Frequency vs. V¢

CALIBRATED 8.0MHz RC OSCILLATOR FREQUENCY vs. OPERATING VOLTAGE
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Figure 21-41. Calibrated 8 MHz RC oscillator Frequency vs. Temperature
CALIBRATED 8.0MHz RC OSCILLATOR FREQUENCY vs. TEMPERATURE
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Mnemonics Operands Description Operation Flags #Clocks
ROR Rd Rotate Right Through Carry Rd(7)«<-C,Rd(n)< Rd(n+1),C«-Rd(0) ZCNV 1
ASR Rd Arithmetic Shift Right Rd(n) «- Rd(n+1), n=0..6 ZCNV 1
SWAP Rd Swap Nibbles Rd(3..0)«<-Rd(7..4),Rd(7..4)«Rd(3..0) None 1
BSET s Flag Set SREG(s) « 1 SREG(s) 1
BCLR s Flag Clear SREG(s) <~ 0 SREG(s) 1
BST Rr, b Bit Store from Register to T T « Rr(b) T 1
BLD Rd, b Bit load from T to Register Rd(b) « T None 1
SEC Set Carry C«1 C 1
CLC Clear Carry C«0 C 1
SEN Set Negative Flag N« 1 N 1
CLN Clear Negative Flag N« 0 N 1
SEZ Set Zero Flag Z1 Y4 1
CLZ Clear Zero Flag Z<«0 V4 1
SEI Global Interrupt Enable |1 | 1
CLI Gilobal Interrupt Disable 1< 0 | 1
SES Set Signed Test Flag S« 1 S 1
CLS Clear Signed Test Flag S« 0 S 1
SEV Set Twos Complement Overflow. Ve Vv 1
CLV Clear Twos Complement Overflow V<0 \ 1
SET Set T in SREG T 1 T 1
CLT Clear T in SREG T«0 T 1
SEH Set Half Carry Flag in SREG H« 1 H 1
CLH Clear Half Carry Flag in SREG H<« 0 H 1
DATA TRANSFER INSTRUCTIONS
MOV Rd, Rr Move Between Registers Rd « Rr None 1
MOVW Rd, Rr Copy Register Word Rd+1:Rd « Rr+1:Rr None 1
LDI Rd, K Load Immediate Rd « K None 1
LD Rd, X Load Indirect Rd « (X) None 2
LD Rd, X+ Load Indirect and Post-Inc. Rd « (X), X < X +1 None 2
LD Rd, - X Load Indirect and Pre-Dec. X<« X-1,Rd « (X) None 2
LD Rd, Y Load Indirect Rd « (Y) None 2
LD Rd, Y+ Load Indirect and Post-Inc. Rd <« (Y),Y«<Y+1 None 2
LD Rd, -Y Load Indirect and Pre-Dec. Y« Y-1,Rd«(Y) None 2
LDD Rd,Y+q Load Indirect with Displacement Rd < (Y +q) None 2
LD Rd, Z Load Indirect Rd « (2) None 2
LD Rd, Z+ Load Indirect and Post-Inc. Rd « (2), Z < Z+1 None 2
LD Rd, -Z Load Indirect and Pre-Dec. Z«Z-1,Rd« (2) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd « (Z+q) None 2
LDS Rd, k Load Direct from SRAM Rd « (k) None 2
ST X, Rr Store Indirect (X) « Rr None 2
ST X+, Rr Store Indirect and Post-Inc. (X) «~ Rr, X« X +1 None 2
ST - X, Rr Store Indirect and Pre-Dec. X« X-1,(X) « Rr None 2
ST Y, Rr Store Indirect (Y) < Rr None 2
ST Y+, Rr Store Indirect and Post-Inc. (Y)«<Rr, Y« VY+1 None 2
ST -Y,Rr Store Indirect and Pre-Dec. Y« VY-1,(Y)«<Rr None 2
STD Y+q,Rr Store Indirect with Displacement (Y +q) « Rr None 2
ST Z, Rr Store Indirect (Z) « Rr None 2
ST Z+, Rr Store Indirect and Post-Inc. (Z)«Rr,Z«—Z+1 None 2
ST -Z, Rr Store Indirect and Pre-Dec. Z«Z-1,(Z)«Rr None 2
STD Z+q,Rr Store Indirect with Displacement (Z+q) < Rr None 2
STS k, Rr Store Direct to SRAM (k) < Rr None 2
LPM Load Program Memory RO « (2) None 3
LPM Rd, Z Load Program Memory Rd « (2) None 3
LPM Rd, Z+ Load Program Memory and Post-Inc Rd « (2), Z « Z+1 None 3
SPM Store Program Memory (z) « R1:RO None
IN Rd, P In Port Rd <P None 1
ouT P, Rr Out Port P« Rr None 1
PUSH Rr Push Register on Stack STACK « Rr None 2
POP Rd Pop Register from Stgck Rd <« STACK None 2
MCU CONTROL INSTRUCTIONS
NOP No Operation None 1
SLEEP Sleep (see specific descr. for Sleep function) None 1
WDR Watchdog Reset (see specific descr. for WDR/Timer) None 1
BREAK Break For On-chip Debug Only None N/A

Ll
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24.3 ATtiny84

Speed (MHz) Power Supply Ordering Code!" Package® Operational Range
ATtiny84V-10SSU 1481
ATtiny84V-10SSUR 1451 Industrial
10 1.8-5.5V ATtiny84V-10PU 14P3 (-40°C to +85°C)
ATtiny84V-10MU 20MA1
ATtiny84V-10MUR 20M1
ATtiny84-20SSU 1481
ATtiny84-20SSUR 1481 Industrial
20 2.7-55V ATtiny84-20PU 14P3 (-40°C to +85°C)
ATtiny84-20MU 20M1
ATtiny84-20MUR 20MA1
Notes: 1. Code indicators:
— U: matte tin
— R: tape & reel

2. All packages are Pb-free, halide-free and fully green and they comply with the European directive for Restriction of Hazard-
ous Substances (RoHS).
3. These devices can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering informa-
tion and minimum quantities.

Package Type
1451 14-lead, 0.150" Wide Body, Plastic Gull Wing Small Outline Package (SOIC)
14P3 14-lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
20M1 20-pad, 4 x 4 x 0.8 mm Body, Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)
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All characterization data moved to “Electrical Characteristics” on page 174.

All Register Descriptions gathered up in separate sections at the end of each chapter.
Updated “System Control and Reset” on page 39.

Updated Table 11-3 on page 81, Table 11-6 on page 82, Table 11-8 on page 83, Table
12-3 on page 109 and Table 12-5 on page 110.

Updated “Fast PWM Mode” on page 97.

Updated Figure 12-7 on page 98 and Figure 16-1 on page 133.

Updated “Analog Comparator Multiplexed Input” on page 129.

Added note in Table 19-12 on page 165.

Updated “Electrical Characteristics” on page 174.

Updated “Typical Characteristics” on page 185.

Updated “Calibrated Internal 8 MHz Oscillator” on page 26.

Updated “OSCCAL — Oscillator Calibration Register” on page 30.

Added Table 20-2 on page 176.

Updated code examples in “SPI Master Operation Example” on page 119.
Updated code examples in “SPI Slave Operation Example” on page 121.
Updated “Signature Bytes” on page 162.

Updated Features in “USI — Universal Serial Interface” on page 117.

Added “Clock speed considerations” on page 123.

Updated Bit description in “ADMUX — ADC Multiplexer Selection Register” on page 145.
Added note to Table 18-1 on page 157.

Updated “Default Clock Source” on page 30

Updated “Power Reduction Register” on page 35.

Updated Table 20-4 on page 177, Table 9-4 on page 42, Table 16-3 on page 145,
Table 19-5 on page 161, Table 19-12 on page 165, Table 19-16 on page 171, Table 20-
11 on page 182.

Updated Features in “Analog to Digital Converter” on page 132.

Updated Operation in “Analog to Digital Converter” on page 132.

Updated “Temperature Measurement” on page 144.

Updated DC Characteristics in “Electrical Characteristics” on page 174.

Updated “Typical Characteristics” on page 185.

Updated “Errata” on page 223.

Initial revision.
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