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1.1  Pin Descriptions

111 VCC

11.2 GND

1.13 AvVCC

1.1.4 AGND

Supply voltage.

Ground.

Analog supply voltage. This is the supply voltage pin for the Analog-to-digital Converter (ADC),
the analog comparator, the Brown-Out Detector (BOD), the internal voltage reference and Port
A. It should be externally connected to VCC, even if some peripherals such as the ADC are not
used. If the ADC is used AVCC should be connected to VCC through a low-pass filter.

Analog ground.

1.1.5 Port A (PA7:PAO)

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

Port A also serves the functions of various special features of the device, as listed on page 62.

116  Port B (PB7:PB0)

1.1.7 RESET

8197C-AVR-05/11

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

Port B also serves the functions of various special features of the device, as listed on page 65.

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 19-4 on page 188. Shorter pulses are not guaranteed to
generate a reset.

The reset pin can also be used as a (weak) I/O pin.
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old value and program the new value) or to split the Erase and Write operations in two different
operations. The Programming times for the different modes are shown in Table 5-1.

Table 5-1. EEPROM Mode Bits

Programming
EEPM1 EEPMO Time Operation
0 0 3.4ms Erase and Write in one operation (Atomic Operation)
0 1 1.8 ms Erase Only
1 0 1.8 ms Write Only
1 1 - Reserved for future use

When EEPE is set, any write to EEPMn will be ignored. During reset, the EEPMn bits will be
reset to Ob0O unless the EEPROM is busy programming.

e Bit 3 - EERIE: EEPROM Ready Interrupt Enable

Writing EERIE to one enables the EEPROM Ready Interrupt if the I-bit in SREG is set. Writing
EERIE to zero disables the interrupt. The EEPROM Ready Interrupt generates a constant inter-
rupt when Non-volatile memory is ready for programming.

e Bit 2 - EEMPE: EEPROM Master Program Enable
The EEMPE bit determines whether writing EEPE to one will have effect or not.

When EEMPE is set, setting EEPE within four clock cycles will program the EEPROM at the
selected address. If EEMPE is zero, setting EEPE will have no effect. When EEMPE has been
written to one by software, hardware clears the bit to zero after four clock cycles.

* Bit 1 - EEPE: EEPROM Program Enable

The EEPROM Program Enable Signal EEPE is the programming enable signal to the EEPROM.
When EEPE is written, the EEPROM will be programmed according to the EEPMn bits setting.
The EEMPE bit must be written to one before a logical one is written to EEPE, otherwise no
EEPROM write takes place. When the write access time has elapsed, the EEPE bit is cleared
by hardware. When EEPE has been set, the CPU is halted for two cycles before the next
instruction is executed.

» Bit 0 - EERE: EEPROM Read Enable

The EEPROM Read Enable Signal — EERE — is the read strobe to the EEPROM. When the cor-
rect address is set up in the EEAR Register, the EERE bit must be written to one to trigger the
EEPROM read. The EEPROM read access takes one instruction, and the requested data is
available immediately. When the EEPROM is read, the CPU is halted for four cycles before the
next instruction is executed. The user should poll the EEPE bit before starting the read opera-
tion. If a write operation is in progress, it is neither possible to read the EEPROM, nor to change
the EEAR Register.

ATtiNny261A/461A/861A m———
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6.2.6 Crystal Oscillator / Ceramic Resonator
XTAL1 and XTALZ2 are input and output, respectively, of an inverting amplifier which can be con-
figured for use as an On-chip Oscillator, as shown in Figure 6-4. Either a quartz crystal or a
ceramic resonator may be used.

Figure 6-4. Crystal Oscillator Connections

c2

I ————{XTAL2
c1 7

o St b IxTALL

GND

C1 and C2 should always be equal for both crystals and resonators. The optimal value of the
capacitors depends on the crystal or resonator in use, the amount of stray capacitance, and the
electromagnetic noise of the environment. Some initial guidelines for choosing capacitors for
use with crystals are given in Table 6-11. For ceramic resonators, the capacitor values given by
the manufacturer should be used.

Table 6-11. Crystal Oscillator Operating Modes

CKSEL[3:1] Frequency Range (MHz) Recommended C1 and C2 Value (pF)
100@ 0.4-0.9 -
101 0.9-3.0 12 -22
110 3.0-8.0 12 -22
111 8.0 - 12 - 22

Notes: 1. This option should not be used with crystals, only with ceramic resonators.

The Oscillator can operate in three different modes, each optimized for a specific frequency
range. The operating mode is selected by fuses CKSEL[3:1] as shown in Table 6-11.

The CKSELO Fuse together with the SUT[1:0] Fuses select the start-up times as shown in Table

6-12.
Table 6-12.  Start-up Times for the Crystal Oscillator Clock Selection
Start-up Time from Additional Delay
Power-down and from Reset
CKSELO | SUT[1:0] Power-save (Vee =5.0V) Recommended Usage
0 00 258 CK® 14CK + 4 ms Ceramic resonator,
fast rising power
0 01 258 CK® 14CK + 64 ms Ceramic resonator,
slowly rising power
Ceramic resonator,
@ )
0 10 1K (1024) CK 14CK BOD enabled
30 ATtiny261A/461A/861A m—————
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The Wathdog Timer can also be configured to generate an interrupt instead of a reset. This can
be very helpful when using the Watchdog to wake-up from Power-down.

To prevent unintentional disabling of the Watchdog or unintentional change of time-out period,
two different safety levels are selected by the fuse WDTON as shown in Table 8-1 Refer to
“Timed Sequences for Changing the Configuration of the Watchdog Timer” on page 44 for
details.

Table 8-1. WDT Configuration as a Function of the Fuse Settings of WDTON

Safety WDT Initial How to Disable the How to Change Time-
WDTON Level State WDT out
Unprogrammed 1 Disabled Timed sequence No limitations
Programmed 2 Enabled Always enabled Timed sequence

Figure 8-7. Watchdog Timer
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8.4.1 Timed Sequences for Changing the Configuration of the Watchdog Timer

The sequence for changing configuration differs slightly between the two safety levels. Separate
procedures are described for each level.

84.1.1 Safety Level 1

In this mode, the Watchdog Timer is initially disabled, but can be enabled by writing the WDE bit
to one without any restriction. A timed sequence is needed when disabling an enabled Watch-
dog Timer. To disable an enabled Watchdog Timer, the following procedure must be followed:

1. Inthe same operation, write a logic one to WDCE and WDE. A logic one must be writ-
ten to WDE regardless of the previous value of the WDE bit.

2. Within the next four clock cycles, in the same operation, write the WDE and WDP bits
as desired, but with the WDCE bit cleared.

8.4.1.2 Safety Level 2

In this mode, the Watchdog Timer is always enabled, and the WDE bit will always read as one. A
timed sequence is needed when changing the Watchdog Time-out period. To change the
Watchdog Time-out, the following procedure must be followed:

s ATtiny261A/461A/861A m—————————————
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9. Interrupts

This section describes the specifics of the interrupt handling as performed in
ATtiny261A/461A/861A. For a general explanation of the AVR interrupt handling, refer to “Reset
and Interrupt Handling” on page 12.

9.1 Interrupt Vectors

Interrupt vectors of ATtiny261A/461A/861A are described in Table 9-1 below.

Table 9-1. Reset and Interrupt Vectors
Vector Program
No. Address Source Interrupt Definition
1 0x0000 RESET E)r(;svr:-aolul:t)ilg’ezz\t,?/?/vr-;tr;hZ%ZetR’eset
2 0x0001 INTO External Interrupt Request 0
3 0x0002 PCINT Pin Change Interrupt Request
4 0x0003 TIMER1_COMPA Timer/Counterl Compare Match A
5 0x0004 TIMER1_COMPB Timer/Counterl Compare Match B
6 0x0005 TIMER1_OVF Timer/Counterl Overflow
7 0x0006 TIMERO_OVF Timer/Counter0 Overflow
8 0x0007 USI_START USI Start
9 0x0008 USI_OVF USI Overflow
10 0x0009 EE_RDY EEPROM Ready
11 0x000A ANA_COMP Analog Comparator
12 0x000B ADC ADC Conversion Complete
13 0x000C WDT Watchdog Time-out
14 0x000D INT1 External Interrupt Request 1
15 0x000E TIMERO_COMPA Timer/Counter0 Compare Match A
16 0x000F TIMERO_COMPB Timer/Counter0 Compare Match B
17 0x0010 TIMERO_CAPT Timer/Counterl Capture Event
18 0x0011 TIMER1_COMPD Timer/Counterl Compare Match D
19 0x0012 FAULT _PROTECTION Timer/Counterl Fault Protection

If the program never enables an interrupt source, the Interrupt Vectors are not used, and regular
program code can be placed at these locations.

The most typical and general program setup for the Reset and Interrupt Vector Addresses in
ATtiny261A/461A/861A is shown in the following program example.

8197C-AVR-05/11
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Figure 11-3.  TO Pin Sampling
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The synchronization and edge detector logic introduces a delay of 2.5 to 3.5 system clock cycles
from an edge has been applied to the TO pin to the counter is updated.

Enabling and disabling of the clock input must be done when TO has been stable for at least one
system clock cycle, otherwise it is a risk that a false Timer/Counter clock pulse is generated.

Each half period of the external clock applied must be longer than one system clock cycle to
ensure correct sampling. The external clock must be guaranteed to have less than half the sys-
tem clock frequency (fecik < ok 110/2) given a 50/50% duty cycle. Since the edge detector uses
sampling, the maximum frequency of an external clock it can detect is half the sampling fre-
quency (Nyquist sampling theorem). However, due to variation of the system clock frequency
and duty cycle caused by Oscillator source (crystal, resonator, and capacitors) tolerances, it is
recommended that maximum frequency of an external clock source is less than f, ,o/2.5.

An external clock source can not be prescaled.

11.4 Counter Unit

The main part of the 8-bit Timer/Counter is the programmable bi-directional counter unit. Figure
11-4 shows a block diagram of the counter and its surroundings.

Table 11-2.  Counter Unit Block Diagram

TOVn
- DATA BUS > " (ntReq)
# Clock Select
Edge P
clk Detector n
TCNTn <« %" | control Logic [«
( From Prescaler )
Ttop

Signal description (internal signals):

count Increment or decrement TCNTO by 1.

clky, Timer/Counter clock, referred to as clky, in the following.

top Signalize that TCNTO has reached maximum value.

The counter is incremented at each timer clock (clkg) until it passes its TOP value and then
restarts from BOTTOM. The counting sequence is determined by the setting of the CTCO bit
located in the Timer/Counter Control Register (TCCROA). For more details about counting
sequences, see “Modes of Operation” on page 76. clky, can be generated from an external or

ATMEL 7
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11.7.4 8-bit Input Capture Mode

The Timer/CounterO can also be used in an 8-bit Input Capture mode, see Table 11-3 on page
76 for bit settings. For full description, see the section “Input Capture Unit” on page 74.

11.7.5 16-bit Input Capture Mode

The Timer/CounterQ can also be used in a 16-bit Input Capture mode, see Table 11-3 on page
76 for bit settings. For full description, see the section “Input Capture Unit” on page 74.

11.8 Timer/Counter Timing Diagrams

The Timer/Counter is a synchronous design and the timer clock (clky) is therefore shown as a
clock enable signal in the following figures. The figures include information on when Interrupt
Flags are set. Figure 11-7 contains timing data for basic Timer/Counter operation. The figure
shows the count sequence close to the MAX value.

Figure 11-7.  Timer/Counter Timing Diagram, no Prescaling

clk

1/0

clkq,
(clk, /1)

1/0°

TCNTn MAX -1 MAX BOTTOM X BOTTOM + 1

TOVn

Figure 11-8 shows the same timing data, but with the prescaler enabled.

Figure 11-8.  Timer/Counter Timing Diagram, with Prescaler (fyy ,0/8)
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clk

TOVn

Figure 11-9 on page 79 shows the setting of OCFOA and OCFOB in Normal mode.

78 ATtiny261A/461A/861A m————
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11.10.2 TCCROB - Timer/Counter0 Control Register B

Bit 7 6 5 4 3 2 1 0
0x33 (0x53) | = | = | = |  TSwm PSRO CS02 Ccso1 csol | TCCRoB
Read/Write R R R RIW RIW RIW RIW R/W
Initial Value 0 0 0 0 0 0

e Bit 4 — TSM: Timer/Counter Synchronization Mode

Writing the TSM bit to one activates the Timer/Counter Synchronization mode. In this mode, the
value that is written to the PSRO bit is kept, hence keeping the Prescaler Reset signal asserted.
This ensures that the Timer/Counter is halted and can be configured without the risk of advanc-
ing during configuration. When the TSM bit is written to zero, the PSRO bit is cleared by
hardware, and the Timer/Counter start counting.

* Bit 3—- PSRO0: Prescaler Reset Timer/Counter0Q

When this bit is one, the Timer/Counter0 prescaler will be Reset. This bit is normally cleared
immediately by hardware, except if the TSM bit is set.

e Bits 2:0 — CS0[2:0]: Clock Select0, Bits 2-0
The Clock SelectO bits 2, 1, and 0 define the prescaling source of TimerO.

Table 11-4.  Clock Select Bit Description

CS02 Cso1 CS00 Description
0 0 0 No clock source (Timer/Counter stopped)
0 0 1 clk;,o/(No prescaling)
0 1 0 clk;,o/8 (From prescaler)
0 1 1 clk,,o/64 (From prescaler)
1 0 0 clk;,0/256 (From prescaler)
1 0 1 clk,,o/1024 (From prescaler)
1 1 0 External clock source on TO pin. Clock on falling edge.
1 1 1 External clock source on TO pin. Clock on rising edge.

If external pin modes are used for the Timer/Counter0, transitions on the TO pin will clock the
counter even if the pin is configured as an output. This feature allows software control of the
counting.

11.10.3 TCNTOL — Timer/Counter0O Register Low Byte

Bit 7 6 5 4 3 2 1 0

0x32 (0x52) | TCNTOL[7:0] ] TenTo
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

The Timer/CounterO Register Low Byte, TCNTOL, gives direct access, both for read and write
operations, to the Timer/Counter unit 8-bit counter. Writing to the TCNTOL Register blocks (dis-
ables) the Compare Match on the following timer clock. Modifying the counter (TCNTOL) while
the counter is running, introduces a risk of missing a Compare Match between TCNTOL and the
OCROx Registers. In 16-bit mode the TCNTOL register contains the lower part of the 16-bit
Timer/CounterO Register.

ga  ATtiny261A/461A/861A m————————
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12. Timer/Counterl

12.1 Features
e 8/10-Bit Accuracy
* Three Independent Output Compare Units
* Clear Timer on Compare Match (Auto Reload)
* Glitch Free, Phase and Frequency Correct Pulse Width Modulator (PWM)
* Variable PWM Period
* High Speed Asynchronous and Synchronous Clocking with Dedicated Prescaler
* Independent Dead Time Generators for Each PWM Channel
* Fault Protection Unit Can Disable PWM Output Pins
* Five Independent Interrupt Sources (TOV1, OCF1A, OCD1B, OCF1D, FPF1)

12.2 Overview

Timer/Counterl is a general purpose high speed Timer/Counter module, with three independent
Output Compare Units, and with PWM support.

The Timer/Counterl features a high resolution and a high accuracy usage with the lower pres-
caling opportunities. It can also support three accurate and high speed Pulse Width Modulators
using clock speeds up to 64 MHz. In PWM mode Timer/Counterl and the output compare regis-
ters serve as triple stand-alone PWMs with non-overlapping non-inverted and inverted outputs.
Similarly, the high prescaling opportunities make this unit useful for lower speed functions or
exact timing functions with infrequent actions. A simplified block diagram of the Timer/Counterl
is shown in Figure 12-1.

Figure 12-1.  Timer/Counterl Block Diagram
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¢ Bits 5:4 — COM1B[1:0]: Comparator B Output Mode, Bits 1 and 0

These bits control the behaviour of the Waveform Output (OCW1B) and the connection of the
Output Compare pin (OC1B). If one or both of the COM1B[1:0] bits are set, the OC1B output
overrides the normal port functionality of the I/O pin it is connected to. The complementary
OC1B output is connected only in PWM modes when the COM1BJ[1:0] bits are set to “01”. Note
that the Data Direction Register (DDR) bit corresponding to the OC1B pin must be set in order to
enable the output driver.

The function of the COM1BJ1:0] bits depends on the PWM1B and WGM1[1:0] bit settings. Table
12-13 shows the COM1BJ[1:0] bit functionality when the PWM1B bit is set to Normal Mode (non-

PWM).
Table 12-13. Compare Output Mode, Normal Mode (hon-PWM)
COM1B[1:0] | OCW1B Behaviour OCI1B Pin OCI1B Pin
00 Normal port operation. Disconnected Disconnected
01 Toggle on Compare Match. Connected Disconnected
10 Clear on Compare Match. Connected Disconnected
11 Set on Compare Match. Connected Disconnected

Table 12-14 shows the COM1BJ[1:0] bit functionality when the PWM1B and WGM1[1:0] bits are
set to Fast PWM Mode.

Table 12-14. Compare Output Mode, Fast PWM Mode

COM1BJ[1:0] | OCW1B Behaviour OC1B Pin OC1B Pin
00 Normal port operation. Disconnected Disconnected
Cleared on Compare Match.
01 P Connected Connected
Set when TCNT1 = 0x000.
Cleared on Compare Match.
10 P Connected Disconnected

Set when TCNT1 = 0x000.

Set on Compare Match. .
11 Connected Disconnected
Cleared when TCNT1 = 0x000.

Table 12-15 shows the COM1BJ[1:0] bit functionality when the PWM1B and WGM1[1:0] bits are
set to Phase and Frequency Correct PWM Mode.

Table 12-15. Compare Output Mode, Phase and Frequency Correct PWM Mode

COM1BJ[1:0] | OCW1B Behaviour OC1B Pin OC1B Pin

00 Normal port operation. Disconnected Disconnected

Cleared on Compare Match when up-counting.

. Connected Connected
Set on Compare Match when down-counting.

01

Cleared on Compare Match when up-counting.

. Connected Disconnected
Set on Compare Match when down-counting.

10

Set on Compare Match when up-counting. .
11 . Connected Disconnected
Cleared on Compare Match when down-counting.

Bits COM1B1 and COM1BO0 are shadowed in TCCR1C. Writing to bits COM1B1 and COM1B0
will also change bits COM1B1S and COM1BO0S in TCCR1C. Similary, changes written to bits

AImEl@ 113
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The ADC module contains a prescaler, which generates an acceptable ADC clock frequency
from any CPU frequency above 100 kHz. The prescaling is set by the ADPS bits in ADCSRA.
The prescaler starts counting from the moment the ADC is switched on by setting the ADEN bit
in ADCSRA. The prescaler keeps running for as long as the ADEN bit is set, and is continuously
reset when ADEN is low. See Figure 15-3.

When initiating a single ended conversion by setting the ADSC bit in ADCSRA, the conversion
starts at the following rising edge of the ADC clock cycle.

A normal conversion takes 13 ADC clock cycles. The first conversion after the ADC is switched
on (ADEN in ADCSRA is set) takes 25 ADC clock cycles in order to initialize the analog circuitry,
as shown in Figure 15-4 below.

Figure 15-4.  ADC Timing Diagram, First Conversion (Single Conversion Mode)
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The actual sample-and-hold takes place 1.5 ADC clock cycles after the start of a normal conver-
sion and 13.5 ADC clock cycles after the start of an first conversion. See Figure 15-5.

When a conversion is complete, the result is written to the ADC Data Registers, and ADIF is set.
In Single Conversion mode, ADSC is cleared simultaneously. The software may then set ADSC
again, and a new conversion will be initiated on the first rising ADC clock edge.

Figure 15-5.  ADC Timing Diagram, Single Conversion
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When Auto Triggering is used, the prescaler is reset when the trigger event occurs. See Figure
15-6. This assures a fixed delay from the trigger event to the start of conversion. In this mode,
the sample-and-hold takes place two ADC clock cycles after the rising edge on the trigger
source signal. Three additional CPU clock cycles are used for synchronization logic.

Figure 15-6.  ADC Timing Diagram, Auto Triggered Conversion
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In Free Running mode (see Figure 15-7), a new conversion will be started immediately after the
conversion completes, while ADSC remains high.

Figure 15-7.  ADC Timing Diagram, Free Running Conversion

One Conversion Next Conversion

Cycle Number

ADC Clock $ 1

ADSC ! !

ADIF |

| |
TT77777 77777

ADCH V1717777777 PK_Sian and MsSB of Result

woct 77/7TTTTTTT D cse of Resu
I T
Conversion f) \ (\ Sample & Hold
Complete MUX and REFS

Update
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Figure 15-8.  Analog Input Circuitry

1..100 kQ

ADCn W\/
I

Cgqy= 14 pF

The capacitor in Figure 15-8 depicts the total capacitance, including the sample/hold capacitor
and any stray or parasitic capacitance inside the device. The value given is worst case.

The ADC is optimized for analog signals with an output impedance of approximately 10 kQ or
less. If such a source is used, the sampling time will be negligible. If a source with higher imped-
ance is used, the sampling time will depend on how long the source needs to charge the S/H
capacitor, with can vary widely. The user is recommended to minmimize the charge transfer time
by using low impedant sources, only, with slowly varying signals.

Signal components higher than the Nyquist frequency (f5pc/2) should not be present 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.

15.9 Noise Canceling Techniques

Digital circuitry inside and outside the device generates EMI which might affect the accuracy of
analog measurements. When conversion accuracy is critical, the noise level can be reduced by
applying the following techniques:

« Keep analog signal paths as short as possible.

« Make sure analog tracks run over the analog ground plane.

» Keep analog tracks well away from high-speed switching digital tracks.

« If any port pin is used as a digital output, it mustn’t switch while a conversion is in progress.

* Place bypass capacitors as close to V- and GND pins as possible.

Where high ADC accuracy is required it is recommended to use ADC Noise Reduction Mode, as
described in Section 15.7 on page 148. This is especially the case when system clock frequency
is above 1 MHz, or when the ADC is used for reading the internal temperature sensor, as
described in Section 15.12 on page 153. A good system design with properly placed, external
bypass capacitors does reduce the need for using ADC Noise Reduction Mode

15.10 ADC Accuracy Definitions

An n-bit single-ended ADC converts a voltage linearly between GND and Vg in 2" steps
(LSBs). The lowest code is read as 0, and the highest code is read as 2"-1.

Several parameters describe the deviation from the ideal behavior:

AImEl@ 149

8197C-AVR-05/11



ATMEL

Figure 18-4.  Addressing the Flash Which is Organized in Pages
PROGRAM PCMSB PAGEMSB
COUNTER PCPAGE PCWORD
PAGE ADDRESS WORD ADDRESS

WITHIN THE FLASH

PROGRAM MEMORY

PAGE

WITHIN A PAGE

PAGE

INSTRUCTION WORD

PCWORD[PAGEMSB:Q]:
00

\ 02

\ PAGEEND

Note:  PCPAGE and PCWORD are listed in Table 18-7 on page 171.

In the figure below, “XX” means don’t care. The numbers in the figure refer to the programming
description above.

WR
Figure 18-5.  Flash Programming Waveforms
STEP
DATA 0x10 ADDR. LOW X DATA LOW X DATAHIGH X ADDR. LOW X DATA LOW X DATAHIGH X ADDR. HIGH XXX 0x00
XA1/BS2
XAO0
PAGEL / BS1
XTAL1
WR
RDY/E

RESET +12V

OF

18.7.6 Programming the EEPROM
The EEPROM is organized in pages, see Table 18-8 on page 171. When programming the
EEPROM, the program data is latched into a page buffer. This allows one page of data to be
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Figure 20-7.  Idle Supply Current vs. Frequency (1 - 20 MHz)

IDLE SUPPLY CURRENT vs. FREQUENCY

2.5 55V

50V

15

Icc (MA)

///// 40V

0.5
| —27v
1.8V
0 1

8 10 12 14 16 18 20

o
N
N
[e]

Frequency (MHz)

Figure 20-8.  Idle Supply Current vs. V¢ (Internal Calibrated Oscillator, 8 MHz)

IDLE SUPPLY CURRENT vs. Ve
INTERNAL OSCILLATOR, 8 MHz

1.4 4

85°C
1.2 25°C
-40 °C

\

0.4

0.2

15 2 25 3 35 4 45 5 5.5
Vee (V)
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Figure 20-68. Timer/Counterl Current vs. V¢

TIMER/COUNTER1 CURRENT vs. V¢

7000 -

64MHz

6000

5000

4000
/ / 32MHz

3000
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2000

1000

1MHz

1.5 2 2.5 3 35 4 45 5 5.5
Vee (V)

Figure 20-69. Brownout Detector Current vs. V¢
BROWNOUT DETECTOR CURRENT vs. V¢

40 -

il
N
|

20 \/ —

Icc (UA)

15

10

1.5 2 25 3 35 4 45 5 5.5
Vee (V)
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Figure 20-100. Frequency of Calibrated 8.0 MHz Oscillator vs. V¢

CALIBRATED 8MHz OSCILLATOR FREQUENCY vs. SUPPLY VOLTAGE

8.4 -
N 25°C
8.2 85°C
/ o
=
T /
g ] /
c
@ —— | —
S % T |
~—
7.8
7.6 ‘
1.5 2 2.5 3 35 4 45 5 5.5
Vee (V)
Figure 20-101. Frequency of Calibrated 8.0 MHz Oscillator vs. Temperature
CALIBRATED 8MHz OSCILLATOR FREQUENCY vs. SUPPLY VOLTAGE
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i // T e 18V
/
7.8
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Note: 1. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved /0 memory addresses
should never be written.

2. 1/0O Registers within the address range 0x00 - 0x1F are directly bit-accessible using the SBI and CBI instructions. In these
registers, the value of single bits can be checked by using the SBIS and SBIC instructions.

3. Some of the Status Flags are cleared by writing a logical one to them. Note that, unlike most other AVRs, the CBI and SBI
instructions will only operation the specified bit, and can therefore be used on registers containing such Status Flags. The
CBI and SBI instructions work with registers 0x00 to Ox1F only.
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22. Instruction Set Summary
Mnemonics | Operands | Description Operation Flags #Clocks

ARITHMETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Add two Registers Rd < Rd + Rr Z,C,N,V,H 1
ADC Rd, Rr Add with Carry two Registers Rd« Rd+Rr+C Z,C,N\V,H 1
ADIW Rdl,K Add Immediate to Word Rdh:Rdl < Rdh:Rdl + K ZCNV,S 2
SUB Rd, Rr Subtract two Registers Rd « Rd - Rr Z,C,N,V,H 1
SUBI Rd, K Subtract Constant from Register Rd <~ Rd - K Z,CN,\V,H 1
SBC Rd, Rr Subtract with Carry two Registers Rd« Rd-Rr-C Z,C,N,V,H 1
SBCI Rd, K Subtract with Carry Constant from Reg. Rd«Rd-K-C Z,C,NV,H 1
SBIW Rdl,K Subtract Immediate from Word Rdh:Rdl < Rdh:RdI - K ZCN\V,S 2
AND Rd, Rr Logical AND Registers Rd < Rd e Rr ZN,V 1
ANDI Rd, K Logical AND Register and Constant Rd < Rd ¢ K ZN\V 1
OR Rd, Rr Logical OR Registers Rd <~ Rd v Rr ZN,V 1
ORI Rd, K Logical OR Register and Constant Rd < Rdv K ZN\V 1
EOR Rd, Rr Exclusive OR Registers Rd < Rd ® Rr ZN,V 1
COM Rd One’s Complement Rd « OxFF - Rd Z,C,NV 1
NEG Rd Two’s Complement Rd « 0x00 — Rd Z,C,N\V,H 1
SBR Rd,K Set Bit(s) in Register Rd <~ Rdv K ZN,V 1
CBR Rd,K Clear Bit(s) in Register Rd < Rd e (OxFF - K) ZN\V 1
INC Rd Increment Rd« Rd+1 ZN,V 1
DEC Rd Decrement Rd«Rd-1 ZN,V 1
TST Rd Test for Zero or Minus Rd < Rd ¢« Rd ZN\V 1
CLR Rd Clear Register Rd <« Rd®Rd ZN,V 1
SER Rd Set Reg_ister Rd < OXFF None 1
BRANCH INSTRUCTIONS
RIMP k Relative Jump PC«PC+k +1 None 2
1IIMP Indirect Jump to (Z) PC«Z None 2
RCALL k Relative Subroutine Call PC«PC+k+1 None 3
ICALL Indirect Call to (Z) PC« Z None 3
RET Subroutine Return PC « STACK None 4
RETI Interrupt Return PC « STACK | 4
CPSE Rd,Rr Compare, Skip if Equal if (Rd=Rr) PC« PC+2o0r3 None 1/2/3
CP Rd,Rr Compare Rd - Rr Z,N,V,CH 1
CPC Rd,Rr Compare with Carry Rd-Rr-C Z,N,V,CH 1
CPI Rd,K Compare Register with Inmediate Rd - K Z,N\V,CH 1
SBRC Rr, b Skip if Bit in Register Cleared if (Rr(b)=0) PC« PC+2o0r3 None 1/2/3
SBRS Rr, b Skip if Bit in Register is Set if (Rr(b)=1) PC« PC+2o0r3 None 1/2/3
SBIC P, b Skip if Bit in 1/0 Register Cleared if (P(b)=0) PC «— PC +2o0r3 None 1/2/3
SBIS P,b Skip if Bit in 1/0 Register is Set if (P(b)=1) PC <~ PC + 2 0r 3 None 1/2/3
BRBS s, k Branch if Status Flag Set if (SREG(s) = 1) then PC«-PC+k + 1 None 1/2
BRBC s, k Branch if Status Flag Cleared if (SREG(s) = 0) then PC«-PC+k + 1 None 1/2
BREQ k Branch if Equal if Z=1)thenPC« PC+k+1 None 1/2
BRNE k Branch if Not Equal if (Z=0)then PC« PC+k+1 None 1/2
BRCS k Branch if Carry Set if (C=1)then PC« PC+k+1 None 1/2
BRCC k Branch if Carry Cleared if (C=0)then PC« PC+k+1 None 1/2
BRSH k Branch if Same or Higher if (C=0)thenPC« PC+k+1 None 1/2
BRLO k Branch if Lower if (C=1)then PC« PC+k+1 None 1/2
BRMI k Branch if Minus if(N=1)then PC« PC+k+1 None 1/2
BRPL k Branch if Plus if (N=0)then PC« PC+k+1 None 1/2
BRGE k Branch if Greater or Equal, Signed if (N® V=0)thenPC« PC+k+1 None 1/2
BRLT k Branch if Less Than Zero, Signed if (N®V=1)then PC« PC+k+1 None 1/2
BRHS k Branch if Half Carry Flag Set if(H=1)then PC« PC+k+1 None 1/2
BRHC k Branch if Half Carry Flag Cleared if (H=0)then PC« PC+k+1 None 1/2
BRTS k Branch if T Flag Set if (T=1)thenPC« PC+k +1 None 1/2
BRTC k Branch if T Flag Cleared if (T=0)thenPC« PC+k+1 None 1/2
BRVS k Branch if Overflow Flag is Set if(V=1)thenPC« PC+k+1 None 1/2
BRVC k Branch if Overflow Flag is Cleared if (V=0)thenPC« PC+k+1 None 1/2
BRIE k Branch if Interrupt Enabled if (1=1)thenPC« PC+k+1 None 1/2

ﬂ k Brgnch if Interruet Disabled if (1=0) the_n PC« PC+k+1 None ]_./2
BIT AND BIT-TEST INSTRUCTIONS
SBI P.b Set Bit in I/O Register 1/0(P,b) « 1 None 2
CBI P,b Clear Bit in I/0 Register 1/0(P,b) «— 0 None 2
LSL Rd Logical Shift Left Rd(n+1) < Rd(n), Rd(0) «- 0 Z,C NV 1
LSR Rd Logical Shift Right Rd(n) < Rd(n+1), Rd(7) «<- 0 Z,C NV 1
ROL Rd Rotate Left Through Carry Rd(0)<_C.Rd(n+1)< Rd(n).C<Rd(7) Z,C N,V 1
ROR Rd Rotate Right Through Carry Rd(7)«-C,Rd(n)« Rd(n+1),C«Rd(0) Z,C NV 1
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24. Packaging Information

24.1 32M1-A

HiFQ er
2 \—PinllD

.
]

SIDE VIEW

E
[

[
INEEEEEENEENEEE

TOP VIEW -

R fi
B

ﬁfﬁ
o]

Bs

COMMON DIMENSIONS
|E|—> o (Unit of Measure = mm)
D2
' . SYMBOL| MIN NOM | MAX | NOTE
L U U U U U U _J A 0.80 0.90 1.00
ﬁ — 1 —l1 Al - 0.02 0.05
— | pinwm Notch;,) i A2 - 0.65 | 1.00
- (0.20R) [
— — A3 0.20 REF
) (e b 0.18 0.23 0.30
D (-
— = D 4.90 5.00 5.10
— - e — D1 4.70 4.75 4.80

—
—
—
—
—
—
—
—
R

2.95 3.10 3.25
4.90 5.00 5.10
4.70 4.75 4.80

T
T
4
ol
]

BOTTOM VIEW E2 2.95 3.10 3.25
e 0.50 BSC
L 0.30 0.40 0.50
P - - 0.60
2] - - 12°
Note: JEDEC Standard MO-220, Fig. 2 (Anvil Singulation), VHHD-2. K 0.20 _ _
5/25/06
TITLE DRAWING NO. [REV.
AIMEL éiiigsrgh?;: ';ng"fy 32M1-A, 32-pad, 5 x 5 x 1.0 mm Body, Lead Pitch 0.50 mm, BIMLA £
— ' 3.10 mm Exposed Pad, Micro Lead Frame Package (MLF)
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