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choosing capacitors for use with crystals are given in Table 4. For ceramic resonators, the
capacitor values given by the manufacturer should be used.

Figure 12. Crystal Oscillator Connections

c2
— }—17XTAL2
L]

0—(): L XTAL1

GND

il

The Oscillator can operate in three different modes, each optimized for a specific frequency
range. The operating mode is selected by the fuses CKSEL3..1 as shown in Table 4.

Table 4. Crystal Oscillator Operating Modes

Frequency Range Recommended Range for Capacitors
CKOPT CKSEL3..1 (MHz) C1 and C2 for Use with Crystals (pF)
1 101® 0.4-0.9 -
1 110 0.9-3.0 12 -22
1 111 3.0-8.0 12-22
0 101, 110, 112 10< 12-22

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

ATMEL 2
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External Reset

Brown-out Detection

2466T-AVR-07/10

An External Reset is generated by a low level on the RESET pin. Reset pulses longer than the
minimum pulse width (see Table 15) will generate a reset, even if the clock is not running.
Shorter pulses are not guaranteed to generate a reset. When the applied signal reaches the
Reset Threshold Voltage — Vgt — 0n its positive edge, the delay counter starts the MCU after
the Time-out period t;o,1 has expired.

Figure 18. External Reset During Operation
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ATmegal6 has an On-chip Brown-out Detection (BOD) circuit for monitoring the V. level dur-
ing operation by comparing it to a fixed trigger level. The trigger level for the BOD can be
selected by the fuse BODLEVEL to be 2.7V (BODLEVEL unprogrammed), or 4.0V (BODLEVEL
programmed). The trigger level has a hysteresis to ensure spike free Brown-out Detection. The
hysteresis on the detection level should be interpreted as Vggry = Vgor + Viayst/2 and Vgor. =
Veor - Vhyst/2.

The BOD circuit can be enabled/disabled by the fuse BODEN. When the BOD is enabled
(BODEN programmed), and V. decreases to a value below the trigger level (Vgor. in Figure
19), the Brown-out Reset is immediately activated. When V. increases above the trigger level
(Vgort+ in Figure 19), the delay counter starts the MCU after the Time-out period tyo 7 has
expired.

The BOD circuit will only detect a drop in V. if the voltage stays below the trigger level for lon-
ger than tzop given in Table 15.

Figure 19. Brown-out Reset During Operation
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Unconnected pins

Alternate Port
Functions
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If some pins are unused, it is recommended to ensure that these pins have a defined level. Even
though most of the digital inputs are disabled in the deep sleep modes as described above, float-
ing inputs should be avoided to reduce current consumption in all other modes where the digital
inputs are enabled (Reset, Active mode and Idle mode).

The simplest method to ensure a defined level of an unused pin, is to enable the internal pull-up.
In this case, the pull-up will be disabled during reset. If low power consumption during reset is
important, it is recommended to use an external pull-up or pull-down. Connecting unused pins
directly to V¢ or GND is not recommended, since this may cause excessive currents if the pin is
accidentally configured as an output.

Most port pins have alternate functions in addition to being General Digital 1/0s. Figure 26
shows how the port pin control signals from the simplified Figure 23 can be overridden by alter-
nate functions. The overriding signals may not be present in all port pins, but the figure serves
as a generic description applicable to all port pins in the AVR microcontroller family.

Figure 26. Alternate Port Functions
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DDOExn: Pxn DATA DIRECTION OVERRIDE ENABLE RDx: READ DDRx
DDOVxn:  Pxn DATA DIRECTION OVERRIDE VALUE RRx: READ PORTx REGISTER
PVOExn: ~ Pxn PORT VALUE OVERRIDE ENABLE WPx: WRITE PORTx
PVOVxn:  Pxn PORT VALUE OVERRIDE VALUE RPx: READ PORTx PIN
DIEOExn: Pxn DIGITAL INPUT-ENABLE OVERRIDE ENABLE clky! 1/0 CLOCK
DIEOVxn: Pxn DIGITAL INPUT-ENABLE OVERRIDE VALUE DIxn: DIGITAL INPUT PIN n ON PORTx
SLEEP:  SLEEP CONTROL AIOXn: ANALOG INPUT/OUTPUT PIN n ON PORTX

Note: 1. WPx, WDx, RRx, RPx, and RDx are common to all pins within the same port. clk,o, SLEEP,
and PUD are common to all ports. All other signals are unique for each pin.
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Special Function 1/O

Register — SFIOR Bit 7 6 5 4 3 2 1 0
| ADTS2 ADTS1 ADTSO - ACME PUD PSR2 | PSR10 | SFIOR
Read/Write RIW RIW RIW R RIW RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0

e Bit 2 - PUD: Pull-up disable

When this bit is written to one, the pull-ups in the I/O ports are disabled even if the DDxn and
PORTxn Registers are configured to enable the pull-ups ({DDxn, PORTxn} = 0b01). See “Con-
figuring the Pin” on page 51 for more details about this feature.

Alternate Functions of Port A has an alternate function as analog input for the ADC as shown in Table 22. If some Port

Port A A pins are configured as outputs, it is essential that these do not switch when a conversion is in
progress. This might corrupt the result of the conversion.

Table 22. Port A Pins Alternate Functions

Port Pin Alternate Function
PA7 ADC7 (ADC input channel 7)
PA6 ADC6 (ADC input channel 6)
PA5 ADCS5 (ADC input channel 5)
PA4 ADC4 (ADC input channel 4)
PA3 ADC3 (ADC input channel 3)
PA2 ADC2 (ADC input channel 2)
PA1 ADCL1 (ADC input channel 1)
PAO ADCO (ADC input channel 0)

Table 23 and Table 24 relate the alternate functions of Port A to the overriding signals shown in
Figure 26 on page 55.

Table 23. Overriding Signals for Alternate Functions in PA7..PA4

Signal Name PA7/ADC7 PAG6/ADC6 PA5/ADC5 PA4/ADC4
PUOE 0 0 0 0
PUOV
DDOE
DDOV
PVOE
PVOV
DIEOE

2466T-AVR-07/10
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Timer/Counter

Timing Diagrams

2466T-AVR-07/10

C|k|/o

output will be continuously low and if set equal to TOP the output will be set to high for non-
inverted PWM mode. For inverted PWM the output will have the opposite logic values. If OCR1A
is used to define the TOP value (WGM13:0 = 9) and COM1A1:0 = 1, the OC1A output will toggle
with a 50% duty cycle.

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, and when the OCR1x Register is updated with the OCR1x buffer value (only for
modes utilizing double buffering). Figure 49 shows a timing diagram for the setting of OCF1x.

Figure 49. Timer/Counter Timing Diagram, Setting of OCF1x, No Prescaling
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Figure 50 shows the same timing data, but with the prescaler enabled.
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Figure 50. Timer/Counter Timing Diagram, Setting of OCF1x, with Prescaler (f; ,,0/8)
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Figure 51 shows the count sequence close to TOP in various modes. When using phase and
frequency correct PWM mode the OCR1x Register is updated at BOTTOM. The timing diagrams

ATMEL
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Phase Correct PWM
Mode
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In fast PWM mode, the compare unit allows generation of PWM waveforms on the OC2 pin. Set-
ting the COM21.:0 bits to 2 will produce a non-inverted PWM and an inverted PWM output can
be generated by setting the COM21.:0 to 3 (see Table 52 on page 129). The actual OC2 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 OC2 Register at the compare match between
OCR2 and TCNTZ2, and clearing (or setting) the OC2 Register at the timer clock cycle the coun-
ter is cleared (changes from MAX to BOTTOM).

The PWM frequency for the output can be calculated by the following equation:
_ Jek 1o

fOCnPWM N- 256

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

The extreme values for the OCR2 Register represent special cases when generating a PWM
waveform output in the fast PWM mode. If the OCR2 is set equal to BOTTOM, the output will be
a narrow spike for each MAX+1 timer clock cycle. Setting the OCR2 equal to MAX will result in a
constantly high or low output (depending on the polarity of the output set by the COM21.:0 bits.)

A frequency (with 50% duty cycle) waveform output in fast PWM mode can be achieved by set-
ting OC2 to toggle its logical level on each compare match (COM21:0 = 1). The waveform
generated will have a maximum frequency of f,., = fy, ,0/2 when OCR2 is set to zero. This fea-
ture is similar to the OC2 toggle in CTC mode, except the double buffer feature of the output
compare unit is enabled in the fast PWM mode.

The phase correct PWM mode (WGM21:0 = 1) provides a high resolution phase correct PWM
waveform generation option. The phase correct PWM mode is based on a dual-slope operation.
The counter counts repeatedly from BOTTOM to MAX and then from MAX to BOTTOM. In non-
inverting Compare Output mode, the Output Compare (OC?2) is cleared on the compare match
between TCNT2 and OCR2 while upcounting, and set on the compare match while downcount-
ing. In inverting Output Compare mode, the operation is inverted. The dual-slope operation has
lower maximum operation frequency than single slope operation. However, due to the symmet-
ric feature of the dual-slope PWM modes, these modes are preferred for motor control
applications.

The PWM resolution for the phase correct PWM mode is fixed to 8 bits. In phase correct PWM
mode the counter is incremented until the counter value matches MAX. When the counter
reaches MAX, it changes the count direction. The TCNT2 value will be equal to MAX for one
timer clock cycle. The timing diagram for the phase correct PWM mode is shown on Figure 59.
The TCNT2 value is in the timing diagram shown as a histogram for illustrating the dual-slope
operation. The diagram includes non-inverted and inverted PWM outputs. The small horizontal
line marks on the TCNT2 slopes represent compare matches between OCR2 and TCNT2.

AImEl@ 124
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Figure 59. Phase Correct PWM Mode, Timing Diagram
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The Timer/Counter Overflow Flag (TOV2) is set each time the counter reaches BOTTOM. The
Interrupt Flag can be used to generate an interrupt each time the counter reaches the BOTTOM
value.

In phase correct PWM mode, the compare unit allows generation of PWM waveforms on the
OC2 pin. Setting the COM21.:0 bits to 2 will produce a non-inverted PWM. An inverted PWM out-
put can be generated by setting the COM21:0 to 3 (see Table 53 on page 129). The actual OC2
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 clearing (or setting) the OC2 Register at the compare match
between OCR2 and TCNT2 when the counter increments, and setting (or clearing) the OC2
Register at compare match between OCR2 and TCNT2 when the counter decrements. The
PWM frequency for the output when using phase correct PWM can be calculated by the follow-
ing equation:

_ Jek 1o

fOCnPCPWM N-510

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

The extreme values for the OCR2 Register represent special cases when generating a PWM
waveform output in the phase correct PWM mode. If the OCR2 is set equal to BOTTOM, the out-
put will be continuously low and if set equal to MAX the output will be continuously high for non-
inverted PWM mode. For inverted PWM the output will have the opposite logic values.

At the very start of Period 2 in Figure 59 OCn has a transition from high to | ow even though
there is no Compare Match. The point of this transition is to guarantee symmetry around BOT-
TOM. There are two cases that will give transition without Compare Match:

e« OCRZ2A changes its value from Max, like in Figure 59. When the OCR2A value is MAX the
OCn pin value is the same as the result of a down-counting Compare Match. To ensure
symmetry around BOTTOM the OCn value at MAX must be correspond the the result of an
up-counting Compare Match.

« The Timer starts counting from a value higher than the one in OCR2A, and for that reason
misses the Compare Match and hence the OCn that would have happened on the way up.
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Two-wire Serial
Interface

Features e Simple Yet Powerful and Flexible Communication Interface, Only Two Bus Lines Needed
* Both Master and Slave Operation Supported

Device Can Operate as Transmitter or Receiver

7-bit Address Space allows up to 128 Different Slave Addresses

Multi-master Arbitration Support

Up to 400 kHz Data Transfer Speed

* Slew-rate Limited Output Drivers

* Noise Suppression Circuitry Rejects Spikes on Bus Lines

* Fully Programmable Slave Address with General Call Support

* Address Recognition causes Wake-up when AVR is in Sleep Mode

Two-wire Serial The Two-wire Serial Interface (TWI) is ideally suited for typical microcontroller applications. The

Interface Bus TWI protocol allows the systems designer to interconnect up to 128 different devices using only

Definition two bi-directional bus lines, one for clock (SCL) and one for data (SDA). The only external hard-
ware needed to implement the bus is a single pull-up resistor for each of the TWI bus lines. All
devices connected to the bus have individual addresses, and mechanisms for resolving bus
contention are inherent in the TWI protocol.

Figure 76. TWI Bus Interconnection
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TWI Terminology The following definitions are frequently encountered in this section.

Table 72. TWI Terminology

Term Description

Master The device that initiates and terminates a transmission. The Master also
generates the SCL clock.

Slave The device addressed by a Master.

Transmitter | The device placing data on the bus.

Receiver The device reading data from the bus.

AImEl@ 172
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desired SLA+W, a specific value must be written to TWCR, instructing the TWI hardware
to transmit the SLA+W present in TWDR. Which value to write is described later on.
However, it is important that the TWINT bit is set in the value written. Writing a one to
TWINT clears the flag. The TWI will not start any operation as long as the TWINT bit in
TWCR is set. Immediately after the application has cleared TWINT, the TWI will initiate
transmission of the address packet.

When the address packet has been transmitted, the TWINT Flag in TWCR is set, and
TWSR is updated with a status code indicating that the address packet has successfully
been sent. The status code will also reflect whether a Slave acknowledged the packet or
not.

The application software should now examine the value of TWSR, to make sure that the
address packet was successfully transmitted, and that the value of the ACK bit was as
expected. If TWSR indicates otherwise, the application software might take some special
action, like calling an error routine. Assuming that the status code is as expected, the
application must load a data packet into TWDR. Subsequently, a specific value must be
written to TWCR, instructing the TWI hardware to transmit the data packet present in
TWDR. Which value to write is described later on. However, it is important that the
TWINT bit is set in the value written. Writing a one to TWINT clears the flag. The TWI will
not start any operation as long as the TWINT bit in TWCR is set. Imnmediately after the
application has cleared TWINT, the TWI will initiate transmission of the data packet.

When the data packet has been transmitted, the TWINT Flag in TWCR is set, and TWSR
is updated with a status code indicating that the data packet has successfully been sent.
The status code will also reflect whether a Slave acknowledged the packet or not.

The application software should now examine the value of TWSR, to make sure that the
data packet was successfully transmitted, and that the value of the ACK bit was as
expected. If TWSR indicates otherwise, the application software might take some special
action, like calling an error routine. Assuming that the status code is as expected, the
application must write a specific value to TWCR, instructing the TWI hardware to transmit
a STOP condition. Which value to write is described later on. However, it is important that
the TWINT bit is set in the value written. Writing a one to TWINT clears the flag. The TWI
will not start any operation as long as the TWINT bit in TWCR is set. Immediately after
the application has cleared TWINT, the TWI will initiate transmission of the STOP condi-
tion. Note that TWINT is NOT set after a STOP condition has been sent.

Even though this example is simple, it shows the principles involved in all TWI transmissions.
These can be summarized as follows:

When the TWI has finished an operation and expects application response, the TWINT Flag

is set. The SCL line is pulled low until TWINT is cleared.

When the TWINT Flag is set, the user must update all TWI Registers with the value relevant

for the next TWI bus cycle. As an example, TWDR must be loaded with the value to be
transmitted in the next bus cycle.

After all TWI Register updates and other pending application software tasks have been
completed, TWCR is written. When writing TWCR, the TWINT bit should be set. Writing
one to TWINT clears the flag. The TWI will then commence executing whatever operatio
was specified by the TWCR setting.

a
n

In the following an assembly and C implementation of the example is given. Note that the code
below assumes that several definitions have been made, for example by using include-files.

2466T-AVR-07/10
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The IEEE std. 1149.1 also specifies an optional TAP signal; TRST — Test ReSeT — which is not
provided.

When the JTAGEN fuse is unprogrammed, these four TAP pins are normal port pins and the
TAP controller is in reset. When programmed and the JTD bit in MCUCSR is cleared, the TAP
input signals are internally pulled high and the JTAG is enabled for Boundary-scan and program-
ming. In this case, the TAP output pin (TDO) is left floating in states where the JTAG TAP
controller is not shifting data, and must therefore be connected to a pull-up resistor or other
hardware having pull-ups (for instance the TDI-input of the next device in the scan chain). The
device is shipped with this fuse programmed.

For the On-chip Debug system, in addition to the JTAG interface pins, the RESET pin is moni-
tored by the debugger to be able to detect external reset sources. The debugger can also pull
the RESET pin low to reset the whole system, assuming only open collectors on the reset line
are used in the application.

Figure 112. Block Diagram
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Boundary-scan
Chain

Scanning the Digital
Port Pins

2466T-AVR-07/10

The Boundary-scan chain has the capability of driving and observing the logic levels on the digi-
tal I/O pins, as well as the boundary between digital and analog logic for analog circuitry having
Off-chip connection.

Figure 116 shows the Boundary-scan Cell for a bi-directional port pin with pull-up function. The
cell consists of a standard Boundary-scan cell for the Pull-up Enable — PUExn — function, and a
bi-directional pin cell that combines the three signals Output Control — OCxn, Output Data —
ODxn, and Input Data — IDxn, into only a two-stage Shift Register. The port and pin indexes are
not used in the following description.

The Boundary-scan logic is not included in the figures in the datasheet. Figure 117 shows a sim-
ple digital Port Pin as described in the section “I/O Ports” on page 50. The Boundary-scan
details from Figure 116 replaces the dashed box in Figure 117.

When no alternate port function is present, the Input Data — ID — corresponds to the PINxn Reg-
ister value (but ID has no synchronizer), Output Data corresponds to the PORT Register, Output
Control corresponds to the Data Direction — DD Register, and the Pull-up Enable — PUExn — cor-
responds to logic expression PUD - DDxn - PORTxn.

Digital alternate port functions are connected outside the dotted box in Figure 117 to make the
scan chain read the actual pin value. For Analog function, there is a direct connection from the
external pin to the analog circuit, and a scan chain is inserted on the interface between the digi-
tal logic and the analog circuitry.

Figure 116. Boundary-scan Cell for Bidirectional Port Pin with Pull-up Function.
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Figure 118. Additional Scan Signal for the Two-wire Interface
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Scanning the RESET  The RESET pin accepts 5V active low logic for standard reset operation, and 12V active high

Pin logic for High Voltage Parallel Programming. An observe-only cell as shown in Figure 119 is
inserted both for the 5V reset signal; RSTT, and the 12V reset signal; RSTHV.

Figure 119. Observe-only Cell

To
Next
ShiftDR Cell
From System Pin > - I I > To System Logic
FF1
D Q
From ClockDR
Previous
Cell
Scanning the Clock The AVR devices have many clock options selectable by fuses. These are: Internal RC Oscilla-
Pins tor, External RC, External Clock, (High Frequency) Crystal Oscillator, Low Frequency Crystal

Oscillator, and Ceramic Resonator.

Figure 120 shows how each Oscillator with external connection is supported in the scan chain.
The Enable signal is supported with a general boundary-scan cell, while the Oscillator/Clock out-
put is attached to an observe-only cell. In addition to the main clock, the Timer Oscillator is
scanned in the same way. The output from the internal RC Oscillator is not scanned, as this
Oscillator does not have external connections.

AImEl@ 234
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I. Repeat B through H until the entire Flash is programmed or until all data has been
programmed.

J. End Page Programming
1. 1. Set XAl, XAO0 to “10". This enables command loading.
2. Set DATA to “0000 0000”. This is the command for No Operation.

3. Give XTAL1 a positive pulse. This loads the command, and the internal write signals are
reset.

Figure 128. Addressing the Flash which is Organized in Pages
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Note: 1. PCPAGE and PCWORD are listed in Table 107 on page 262.
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SPI Serial
Programming
Algorithm

2466T-AVR-07/10

Figure 136. SPI Serial Programming and Verify®
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Notes: 1. If the device is clocked by the Internal Oscillator, it is no need to connect a clock source to the
XTAL1 pin.
2. V¢ -0.3V < AVCC < V¢ +0.3V, however, AVCC should always be within 2.7V - 5.5V

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 instruc-
tion. The Chip Erase operation turns the content of every memory location in both the Program
and EEPROM arrays into $FF.

Depending on CKSEL Fuses, a valid clock must be present. The minimum low and high periods
for the serial clock (SCK) input are defined as follows:

Low: > 2 CPU clock cycles for f,, < 12 MHz, 3 CPU clock cycles for f, > 12 MHz
High: > 2 CPU clock cycles for fy < 12 MHz, 3 CPU clock cycles for fy > 12 MHz

When writing serial data to the ATmegal®6, data is clocked on the rising edge of SCK.

When reading data from the ATmegal6, data is clocked on the falling edge of SCK. See Figure
138 for timing details.

To program and verify the ATmegal6 in the SPI Serial Programming mode, the following
sequence is recommended (See four byte instruction formats in Figure 116 on page 276):

1. Power-up sequence:
Apply power between V. and GND while RESET and SCK are set to “0". In some sys-
tems, the programmer can not guarantee that SCK is held low during power-up. In this
case, RESET must be given a positive pulse of at least two CPU clock cycles duration
after SCK has been set to “0”.

2. Wait for at least 20 ms and enable SPI Serial Programming by sending the Programming
Enable serial instruction to pin MOSI.

3. The SPI Serial Programming instructions will not work if the communication is out of syn-
chronization. When in sync. the second byte ($53), will echo back when issuing the third
byte of the Programming Enable instruction. Whether the echo is correct or not, all four
bytes of the instruction must be transmitted. If the $53 did not echo back, give RESET a
positive pulse and issue a new Programming Enable command.
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T, =-40°C to 85°C, V. = 2.7V to 5.5V (Unless Otherwise Noted) (Continued)

Symbol | Parameter Condition Min Typ Max Units
Active 1 MHz, V¢ = 3V 11
(ATmegal6L) '
Active 4 MHz, V¢ = 3V 38 5
(ATmegal6L) '
Active 8 MHz, V¢ = 5V 12 15
(ATmegalb)
Power Supply Current mA
ldle 1 MHz, V¢ =3V 0.35
ele (ATmegal6L) '
Idle 4 MHz, V¢ = 3V
1.2 2
(ATmegalbL)
Idle 8 MHz, V¢ =5V
5.5 7
(ATmegalb)
WDT enabled, V¢ =3V <8 15
Power-down Mode®) A
WDT disabled, Vi = 3V <1 4
Analog Comparator Vee =5V
Vacio Input Offset Voltage Vi = Veo/2 40 mv
Analog Comparator Ve =5V
acLk Input Leakage Current Vi, = Vecl2 50 50 nA
¢ Analog Comparator Vee = 2.7V 750 ns
ACPD Propagation Delay Vee = 4.0V 500
Notes: 1. “Max” means the highest value where the pin is guaranteed to be read as low
2. “Min” means the lowest value where the pin is guaranteed to be read as high
3. Although each I/0 port can sink more than the test conditions (20 mA at Vcc = 5V, 10 mA at Vcc = 3V) under steady state
conditions (non-transient), the following must be observed:
PDIP Package:
1] The sum of all IOL, for all ports, should not exceed 200 mA.
2] The sum of all IOL, for port AO - A7, should not exceed 100 mA.
3] The sum of all IOL, for ports BO - B7,C0 - C7, DO - D7 and XTAL2, should not exceed 100 mA.
TQFP and QFN/MLF Package:
1] The sum of all IOL, for all ports, should not exceed 400 mA.
2] The sum of all IOL, for ports AO - A7, should not exceed 100 mA.
3] The sum of all IOL, for ports BO - B4, should not exceed 100 mA.
4] The sum of all IOL, for ports B3 - B7, XTAL2, DO - D2, should not exceed 100 mA.
5] The sum of all IOL, for ports D3 - D7, should not exceed 100 mA.
6] The sum of all IOL, for ports CO - C7, should not exceed 100 mA.
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test condition.
4. Although each I/O port can source more than the test conditions (20 mA at Vcc = 5V, 10 mA at Vcc = 3V) under steady state

2466T-AVR-07/10

conditions (non-transient), the following must be observed:

PDIP Package:

1] The sum of all IOH, for all ports, should not exceed 200 mA.

2] The sum of all IOH, for port AO - A7, should not exceed 100 mA.

3] The sum of all IOH, for ports BO - B7,C0 - C7, DO - D7 and XTAL2, should not exceed 100 mA.
TQFP and QFN/MLF Package:

1] The sum of all IOH, for all ports, should not exceed 400 mA.

2] The sum of all IOH, for ports AO - A7, should not exceed 100 mA.

3] The sum of all IOH, for ports BO - B4, should not exceed 100 mA.

4] The sum of all IOH, for ports B3 - B7, XTAL2, DO - D2, should not exceed 100 mA.
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Figure 152. Active Supply Current vs. V. (Internal RC Oscillator, 4 MHz)
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Figure 153. Active Supply Current vs. V. (Internal RC Oscillator, 2 MHz)
4.5
. 25°C
85°C
3.5
-40°C
3
< 25
£
R /
15
.
0.5
0
25 3 3.5 4 4.5 5 5.5

Vee (V)

AImEl@ 301

2466T-AVR-07/10



I A\ T M egalo(l)

Figure 160. Idle Supply Current vs. V¢ (Internal RC Oscillator, 2 MHz)
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Figure 161. Idle Supply Current vs. V¢ (Internal RC Oscillator, 1 MHz)
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Figure 172. Standby Supply Current vs. V. (6 MHz Resonator, Watchdog Timer Disabled)
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Figure 173. Standby Supply Current vs. V¢ (6 MHz Xtal, Watchdog Timer Disabled)
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Figure 192.
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Figure 196. Calibrated 8 MHz RC Oscillator Frequency vs. Osccal Value
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Figure 197. Calibrated 4 MHz RC Oscillator Frequency vs. Temperature
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