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2.3.6 Port D (PD7..PDO)

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

Port D also serves the functions of various special features of the Atmel
ATmega325/3250/645/6450 as listed on page 71.

2.3.7  Port E (PE7..PE0)

Port E is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port E output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port E pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port E pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port E also serves the functions of various special features of the Atmel
ATmega325/3250/645/6450 as listed on page 72.

2.3.8 Port F (PF7..PFO0)

Port F serves as the analog inputs to the A/D Converter.

Port F also serves as an 8-bit bi-directional I/O port, if the A/D Converter is not used. Port pins
can provide internal pull-up resistors (selected for each bit). The Port F output buffers have sym-
metrical drive characteristics with both high sink and source capability. As inputs, Port F pins
that are externally pulled low will source current if the pull-up resistors are activated. The Port F
pins are tri-stated when a reset condition becomes active, even if the clock is not running. If the
JTAG interface is enabled, the pull-up resistors on pins PF7(TDI), PF5(TMS), and PF4(TCK) will
be activated even if a reset occurs.

Port F also serves the functions of the JTAG interface.

2.3.9  Port G (PG5..PGO0)

Port G is a 6-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port G output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port G pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port G pins are tri-stated when a reset condition becomes active,
even if the clock is not running.

Port G also serves the functions of various special features of the Atmel
ATmega325/3250/645/6450 as listed on page 72.

2.3.10  Port H (PH7..PHO)

2570N-AVR-05/11

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

Port H also serves the functions of various special features of the ATmega3250/6450 as listed
on page 72.
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8.5 Register Description

8.5.1 EEARH and EEARL - The EEPROM Address Register

Bit 15 14 13 12 11 10 9 8
0x22 (0x42) - - - - - EEAR10 EEAR9 EEARS8 EEARH
0x21 (0x41) EEAR7 EEAR6 EEAR5 EEAR4 EEAR3 EEAR2 EEAR1 EEARO EEARL
7 6 5 4 3 2 1 0
Read/Write R R R R R R/W R/W R/W
R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 X X X
X X X X X X X X

¢ Bits 15:11 — Reserved Bits

These bits are reserved bits in the Atmel ATmega325/3250/645/6450 and will always read as
zero.

* Bits 10:0 - EEAR10:0: EEPROM Address

The EEPROM Address Registers — EEARH and EEARL specify the EEPROM address in the
1/2K bytes EEPROM space. The EEPROM data bytes are addressed linearly between 0 and
1023/2047. The initial value of EEAR is undefined. A proper value must be written before the
EEPROM may be accessed.

Note:  EEAR10 is only valid for ATmega645 and ATmega6450.

8.5.2 EEDR - The EEPROM Data Register

Bit 7 6 5 4 3 2 1 0
0x20 (0x40) | MSB | LsB | EEDR
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

* Bits 7:0 — EEDR7..0: EEPROM Data

For the EEPROM write operation, the EEDR Register contains the data to be written to the
EEPROM in the address given by the EEAR Register. For the EEPROM read operation, the
EEDR contains the data read out from the EEPROM at the address given by EEAR.

8.5.3 EECR - The EEPROM Control Register

Bit 7 6 5 4 3 2 1 0
0x1F(Ox3F)| - | | - EERIE | EEMWE | EEWE EERE | EECR
Read/Write R R R R R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 X 0

¢ Bits 7:4 — Reserved Bits

These bits are reserved bits in the Atmel ATmega325/3250/645/6450 and will always read as
zero.

* Bit 3 - EERIE: EEPROM Ready Interrupt Enable

Writing EERIE to one enables the EEPROM Ready Interrupt if the | bit in SREG is set. Writing
EERIE to zero disables the interrupt. The EEPROM Ready interrupt generates a constant inter-
rupt when EEWE is cleared.

AIMEL 22
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12. Interrupts

This section describes the specifics of the interrupt handling as performed in Atmel
ATmega325/3250/645/6450. For a general explanation of the AVR interrupt handling, refer to
“Reset and Interrupt Handling” on page 15.

12.1 Interrupt Vectors in Atmel ATmega325/3250/645/6450

Table 12-1. Reset and Interrupt Vectors
Vector | Program

No. | Address® | Source Interrupt Definition

1 0x0000" | RESET External Pin, Power-on Reset, Brown-out Reset,
Watchdog Reset, and JTAG AVR Reset

2 0x0002 INTO External Interrupt Request 0
3 0x0004 PCINTO Pin Change Interrupt Request 0
4 0x0006 PCINT1 Pin Change Interrupt Request 1
5 0x0008 TIMER2 COMP Timer/Counter2 Compare Match
6 0x000A TIMER2 OVF Timer/Counter2 Overflow
7 0x000C TIMER1 CAPT Timer/Counter1 Capture Event
8 0x000E TIMER1 COMPA | Timer/Counter1 Compare Match A
9 0x0010 TIMER1 COMPB | Timer/Counter1 Compare Match B
10 0x0012 TIMER1 OVF Timer/Counter1 Overflow

11 0x0014 TIMERO COMP Timer/Counter0 Compare Match
12 0x0016 TIMERO OVF Timer/Counter0 Overflow

13 0x0018 SPI, STC SPI Serial Transfer Complete

14 0x001A USART, RX USART, Rx Complete

15 0x001C USART, UDRE USART Data Register Empty

16 0x001E USART, TX USART, Tx Complete

17 0x0020 USI START USI Start Condition

18 0x0022 USI OVERFLOW | USI Overflow
19 0x0024 ANALOG COMP | Analog Comparator

20 0x0026 ADC ADC Conversion Complete

21 0x0028 EE READY EEPROM Ready

22 0x002A SPM READY Store Program Memory Ready

23 0x002C NOT_USED RESERVED

2406) 0x002E PCINT2 Pin Change Interrupt Request 2

250) 0x0030 PCINT3 Pin Change Interrupt Request 3

Note: 1. When the BOOTRST Fuse is programmed, the device will jump to the Boot Loader address at reset, see “Boot Loader Sup-
port — Read-While-Write Self-Programming” on page 251.

2. When the IVSEL bit in MCUCR is set, Interrupt Vectors will be moved to the start of the Boot Flash Section. The address of
each Interrupt Vector will then be the address in this table added to the start address of the Boot Flash Section.

3. PCINT2 and PCINT3 are only present in ATmega3250 and ATmega6450.

2570N-AVR-05/11
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2570N-AVR-05/11

in the Application section and Boot Lock bit BLB12 is programed, interrupts are disabled while
executing from the Boot Loader section. Refer to the section “Boot Loader Support — Read-While-

Write Self-Programming” on page 251 for details on Boot Lock bits.

e Bit 0 — IVCE: Interrupt Vector Change Enable

The IVCE bit must be written to logic one to enable change of the IVSEL bit. IVCE is cleared by
hardware four cycles after it is written or when IVSEL is written. Setting the IVCE bit will disable

interrupts, as explained in the IVSEL description above. See Code Example below.

Assembly Code Example

Move_interrupts:
;Get MCUCR
in rl6, MCUCR
mov rl7, rlé6

; Enable change of Interrupt Vectors
ori rl6, (1<<IVCE)
out MCUCR, rlé6
; Move interrupts to Boot Flash section
ori rl7, (1<<IVSEL)
out MCUCR, rl7

ret

C Code Example

void Move_interrupts (void)

{
/* Enable change of Interrupt Vectors */
MCUCR |= (1<<IVCE);
/* Move interrupts to Boot Flash section */

MCUCR |= (1<<IVSEL);

ATMEL
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Figure 13-1. Pin Change Interrupt
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13.2 Register Description

13.2.1 EICRA - External Interrupt Control Register A
The External Interrupt Control Register A contains control bits for interrupt sense control.

Bit 7 6 5 4 3 2 1 0
(0x69) I - | - | - | - | - | - ] scot | i1scoo | EICRA
Read/Write R R R R R R R/W R/W
Initial Value 0 0 0 0 0 0 0 0

e Bit1,0-1SCO01, ISCO00: Interrupt Sense Control 0 Bit 1 and Bit 0

The External Interrupt 0 is activated by the external pin INTO if the SREG I-flag and the corre-
sponding interrupt mask are set. The level and edges on the external INTO pin that activate the
interrupt are defined in Table 13-1. The value on the INTO pin is sampled before detecting
edges. If edge or toggle interrupt is selected, pulses that last longer than one clock period will
generate an interrupt. Shorter pulses are not guaranteed to generate an interrupt. If low level
interrupt is selected, the low level must be held until the completion of the currently executing
instruction to generate an interrupt.

Table 13-1. Interrupt 0 Sense Control

ISCO1 ISC00 Description
0 0 The low level of INTO generates an interrupt request.
0 1 Any logical change on INTO generates an interrupt request.
1 0 The falling edge of INTO generates an interrupt request.
1 1 The rising edge of INTO generates an interrupt request.

AIMEL 56
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14.25

14.2.6

2570N-AVR-05/11

Assembly Code Example!"

; Define pull-ups and set outputs high

; Define directions for port pins

1di 1rl16, (1<<PB7) | (1<<PB6) | (1<<PB1) | (1<<PBO0)

1di 117, (1<<DDB3) | (1<<DDB2) | (1<<DDB1) | (1<<DDBO0)
out PORTB,rlé6

out DDRB,rl7

; Insert nop for synchronization

nop

; Read port pins

in rl6,PINB

C Code Example

unsigned char i;

/* Define pull-ups and set outputs high */

/* Define directions for port pins */

PORTB = (1<<PB7) | (1<<PB6) | (1<<PB1l) | (1<<PB0) ;
DDRB = (1<<DDB3) | (1<<DDB2) | (1<<DDB1) | (1<<DDBO) ;
/* Insert nop for synchronization*/

_ _no_operation() ;

/* Read port pins */

i = PINB;

Note: 1. For the assembly program, two temporary registers are used to minimize the time from pull-
ups are set on pins 0, 1, 6, and 7, until the direction bits are correctly set, defining bit 2 and 3
as low and redefining bits 0 and 1 as strong high drivers.

Digital Input Enable and Sleep Modes

As shown in Figure 14-2, the digital input signal can be clamped to ground at the input of the
Schmitt-trigger. The signal denoted SLEEP in the figure, is set by the MCU Sleep Controller in
Power-down mode, Power-save mode, and Standby mode to avoid high power consumption if
some input signals are left floating, or have an analog signal level close to V/2.

SLEEP is overridden for port pins enabled as external interrupt pins. If the external interrupt
request is not enabled, SLEEP is active also for these pins. SLEEP is also overridden by various
other alternate functions as described in “Alternate Port Functions” on page 66.

If a logic high level (“one”) is present on an asynchronous external interrupt pin configured as
“Interrupt on Rising Edge, Falling Edge, or Any Logic Change on Pin” while the external interrupt
is not enabled, the corresponding External Interrupt Flag will be set when resuming from the
above mentioned Sleep mode, as the clamping in these sleep mode produces the requested
logic change.

Unconnected Pins

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-
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Figure 15-11 shows the setting of OCFOA and the clearing of TCNTO in CTC mode.

Figure 15-11. Timer/Counter Timing Diagram, Clear Timer on Compare Match mode, with Pres-
caler (fox_0/8)
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15.9 Register Description

15.9.1 TCCROA - Timer/Counter Control Register A

Bit 7 6 5 4 3 2 1 0
0x24 (0x44) | FOCOA | WGMO00 | COMOA1 | COMOAO | WGMO1 CS02 Cso1 csoo | TCcRo
Read/Write 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

e Bit 7 - FOCOA: Force Output Compare A

The FOCOA bit is only active when the WGMOO bit specifies a non-PWM mode. However, for
ensuring compatibility with future devices, this bit must be set to zero when TCCRO is written
when operating in PWM mode. When writing a logical one to the FOCOA bit, an immediate com-
pare match is forced on the Waveform Generation unit. The OCOA output is changed according
to its COMOAT1:0 bits setting. Note that the FOCOA bit is implemented as a strobe. Therefore it is
the value present in the COMOA1:0 bits that determines the effect of the forced compare.

A FOCOA strobe will not generate any interrupt, nor will it clear the timer in CTC mode using
OCROA as TOP.

The FOCOA bit is always read as zero.

¢ Bit 6, 3 - WGMO01:0: Waveform Generation Mode

These bits control the counting sequence of the counter, the source for the maximum (TOP)
counter value, and what type of waveform generation to be used. Modes of operation supported
by the Timer/Counter unit are: Normal mode, Clear Timer on Compare match (CTC) mode, and
two types of Pulse Width Modulation (PWM) modes. See Table 15-2 and “Modes of Operation”
on page 90.

AIMEL %
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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.

17.6 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 17-3. 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.

Figure 17-3. Input Capture Unit Block Diagram

DATA BUS (8-bit)
= t A >
[ TEmP @b |
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Noise Edge _
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ICPn >

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-

AIMEL 109
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The PWM resolution for fast PWM can be fixed to 8-, 9-, or 10-bit, or defined by either ICR1 or
OCR1A. The minimum resolution allowed is 2-bit (ICR1 or OCR1A set to 0x0003), and the max-
imum resolution is 16-bit (ICR1 or OCR1A set to MAX). The PWM resolution in bits can be
calculated by using the following equation:

R _ log(ToP +1)
FPWM |Og(2)

In fast PWM mode the counter is incremented until the counter value matches either one of the
fixed values OxO0FF, OxO1FF, or 0x03FF (WGM13:0 =5, 6, or 7), the value in ICR1 (WGM13:0 =
14), or the value in OCR1A (WGM13:0 = 15). The counter is then cleared at the following timer
clock cycle. The timing diagram for the fast PWM mode is shown in Figure 17-7. The figure
shows fast PWM mode when OCR1A or ICR1 is used to define TOP. The TCNT1 value is in the
timing diagram shown as a histogram for illustrating the single-slope operation. The diagram
includes non-inverted and inverted PWM outputs. The small horizontal line marks on the TCNT1
slopes represent compare matches between OCR1x and TCNT1. The OC1x Interrupt Flag will
be set when a compare match occurs.

Figure 17-7. Fast PWM Mode, Timing Diagram
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The Timer/Counter Overflow Flag (TOV1) is set each time the counter reaches TOP. In addition
the OC1A or ICF1 Flag is set at the same timer clock cycle as TOV1 is set when either OCR1A
or ICR1 is used for defining the TOP value. If one of the interrupts are enabled, the interrupt han-
dler routine can be used for updating the TOP and compare values.

When changing the TOP value the program must ensure that the new TOP value is higher or
equal to the value of all of the Compare Registers. If the TOP value is lower than any of the
Compare Registers, a compare match will never occur between the TCNT1 and the OCR1x.
Note that when using fixed TOP values the unused bits are masked to zero when any of the
OCR1x Registers are written.

The procedure for updating ICR1 differs from updating OCR1A when used for defining the TOP
value. The ICR1 Register is not double buffered. This means that if ICR1 is changed to a low
value when the counter is running with none or a low prescaler value, there is a risk that the new
ICR1 value written is lower than the current value of TCNT1. The result will then be that the
counter will miss the compare match at the TOP value. The counter will then have to count to the
MAX value (OxFFFF) and wrap around starting at 0x0000 before the compare match can occur.
The OCR1A Register however, is double buffered. This feature allows the OCR1A I/O location
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Table 17-3 shows the COM1x1:0 bit functionality when the WGM13:0 bits are set to the fast
PWM mode.

Table 17-3. Compare Output Mode, Fast PWM(")
COM1A1/COM1B1 | COM1A0/COM1B0 | Description

0 0 Normal port operation, OC1A/OC1B
disconnected.
0 1 WGM13:0 = 14 or 15: Toggle OC1A on Compare

Match, OC1B disconnected (normal port
operation). For all other WGM1 settings, normal
port operation, OC1A/OC1B disconnected.

1 0 Clear OC1A/OC1B on Compare Match, set
OC1A/OC1B at BOTTOM (non-inverting mode).
1 1 Set OC1A/OC1B on Compare Match, clear

OC1A/OC1B at BOTTOM (inverting mode).

Note: 1. A special case occurs when OCR1A/OCR1B equals TOP and COM1A1/COM1B1 is set. In
this case the compare match is ignored, but the set or clear is done at BOTTOM. See “Fast
PWM Mode” on page 115. for more details.

Table 17-4 shows the COM1x1:0 bit functionality when the WGM13:0 bits are set to the phase
correct or the phase and frequency correct, PWM mode.

Table 17-4. Compare Output Mode, Phase Correct and Phase and Frequency Correct

PWM™
COM1A1/COM1B1 | COM1A0/COM1B0 | Description
0 0 Normal port operation, OC1A/OC1B
disconnected.
0 1 WGM13:0 =9 or 11: Toggle OC1A on Compare

Match, OC1B disconnected (normal port
operation). For all other WGM1 settings, normal
port operation, OC1A/OC1B disconnected.

1 0 Clear OC1A/OC1B on Compare Match when up-
counting. Set OC1A/OC1B on Compare Match
when counting down.

1 1 Set OC1A/OC1B on Compare Match when up-
counting. Clear OC1A/OC1B on Compare Match
when counting down.

Note: 1. A special case occurs when OCR1A/OCR1B equals TOP and COM1A1/COM1B1 is set. See
“Phase Correct PWM Mode” on page 117. for more details.

e Bit 1:0 - WGM11:0: Waveform Generation Mode

Combined with the WGM13:2 bits found in the TCCR1B Register, these bits control the counting
sequence of the counter, the source for maximum (TOP) counter value, and what type of wave-
form generation to be used, see Table 17-5. Modes of operation supported by the Timer/Counter
unit are: Normal mode (counter), Clear Timer on Compare match (CTC) mode, and three types
of Pulse Width Modulation (PWM) modes. (See “Modes of Operation” on page 114.).
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A FOC1A/FOC1B strobe will not generate any interrupt nor will it clear the timer in Clear Timer
on Compare match (CTC) mode using OCR1A as TOP. The FOC1A/FOC1B bits are always
read as zero.

17.11.4 TCNT1H and TCNT1L - Timer/Counter1

Bit 7 6 5 4 3 2 1 0

(0x85) TCNT1[15:8] TCNT1H
(0x84) TCNT1[7:0] TCNT1L
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 two Timer/Counter 1/0 locations (TCNT1H and TCNT1L, combined TCNT1) give direct
access, both for read and for write operations, to the Timer/Counter unit 16-bit counter. To
ensure that both the high and low bytes are read and written simultaneously when the CPU
accesses these registers, the access is performed using an 8-bit temporary High Byte Register
(TEMP). This temporary register is shared by all the other 16-bit registers. See “Accessing 16-bit
Registers” on page 104.

Modifying the counter (TCNT1) while the counter is running introduces a risk of missing a com-
pare match between TCNT1 and one of the OCR1x Registers.

Writing to the TCNT1 Register blocks (removes) the compare match on the following timer clock
for all compare units.

17.11.5 OCR1AH and OCR1AL - Output Compare Register 1 A

Bit 7 6 5 4 3 2 1 0

(0x89) OCR1A[15:8] OCR1AH
(0x88) OCR1A[7:0] OCR1AL
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

17.11.6 OCR1BH and OCR1BL - Output Compare Register 1 B

Bit 7 6 5 4 3 2 1 0

(0x8B) OCR1B[15:8] OCR1BH
(Ox8A) OCR1B[7:0] OCR1BL
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 Output Compare Registers contain a 16-bit value that is continuously compared with the
counter value (TCNT1). A match can be used to generate an Output Compare interrupt, or to
generate a waveform output on the OC1x pin.

The Output Compare Registers are 16-bit in size. To ensure that both the high and low bytes are
written simultaneously when the CPU writes to these registers, the access is performed using an
8-bit temporary High Byte Register (TEMP). This temporary register is shared by all the other
16-bit registers. See “Accessing 16-bit Registers” on page 104.

17.11.7 ICR1H and ICR1L - Input Capture Register 1

2570N-AVR-05/11

Bit 7 6 5 4 3 2 1 0

(0x87) ICR1[15:8] ICR1H
(0x86) ICR1[7:0] ICR1L
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
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20. USARTO

20.1 Features

20.2 Overview

2570N-AVR-05/11

The Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART) is a
highly flexible serial communication device. The main features are:

¢ Full Duplex Operation (Independent Serial Receive and Transmit Registers)
* Asynchronous or Synchronous Operation

* Master or Slave Clocked Synchronous Operation

* High Resolution Baud Rate Generator

* Supports Serial Frames with 5, 6, 7, 8, or 9 Data Bits and 1 or 2 Stop Bits

* Odd or Even Parity Generation and Parity Check Supported by Hardware

¢ Data OverRun Detection

* Framing Error Detection

* Noise Filtering Includes False Start Bit Detection and Digital Low Pass Filter
* Three Separate Interrupts on TX Complete, TX Data Register Empty and RX Complete
¢ Multi-processor Communication Mode

¢ Double Speed Asynchronous Communication Mode

A simplified block diagram of the USART Transmitter is shown in Figure 20-1. CPU accessible
I/0 Registers and I/O pins are shown in bold.

The Power Reduction USART bit, PRUSARTO, in “Power Reduction Register’” on page 37 must
be written to zero to enable the USARTO module.
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Figure 20-4. Frame Formats

e @ RAME |
| FRAME |

(IDLE) \sr/ 0 X 1 X 2 X 3 X 4 X[S]X[G]X[Y]X[S]X[P] /Sp1 [sz]\ (St/IDLE)

St Start bit, always low.
(n) Data bits (0 to 8).
P Parity bit. Can be odd or even.
Sp Stop bit, always high.
IDLE No transfers on the communication line (RxD or TxD). An IDLE line must
be
high.

The frame format used by the USART is set by the UCSZn2:0, UPMn1:0 and USBSn bits in
UCSRNB and UCSRNC. The Receiver and Transmitter use the same setting. Note that changing
the setting of any of these bits will corrupt all ongoing communication for both the Receiver and
Transmitter.

The USART Character SiZe (UCSZn2:0) bits select the number of data bits in the frame. The
USART Parity mode (UPMn1:0) bits enable and set the type of parity bit. The selection between
one or two stop bits is done by the USART Stop Bit Select (USBSn) bit. The Receiver ignores
the second stop bit. An FEn (Frame Error) will therefore only be detected in the cases where the
first stop bit is zero.

20.4.1 Parity Bit Calculation
The parity bit is calculated by doing an exclusive-or of all the data bits. If odd parity is used, the
result of the exclusive or is inverted. The relation between the parity bit and data bits is as

follows:
oven =4, 19..0d3®d, ®d, ®dy®0
Pa=d, 1®.0d0d,®d, ®dy® 1
Peven Parity bit using even parity
podd Parity bit using odd parity
d, Data bit n of the character

If used, the parity bit is located between the last data bit and first stop bit of a serial frame.

20.5 USART Initialization

The USART has to be initialized before any communication can take place. The initialization pro-
cess normally consists of setting the baud rate, setting frame format and enabling the
Transmitter or the Receiver depending on the usage. For interrupt driven USART operation, the
Global Interrupt Flag should be cleared (and interrupts globally disabled) when doing the
initialization.

ATMEL
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23.5.1 ADC Input Channels

When changing channel selections, the user should observe the following guidelines to ensure
that the correct channel is selected:

In Single Conversion mode, always select the channel before starting the conversion. The chan-
nel selection may be changed one ADC clock cycle after writing one to ADSC. However, the
simplest method is to wait for the conversion to complete before changing the channel selection.

In Free Running mode, always select the channel before starting the first conversion. The chan-
nel selection may be changed one ADC clock cycle after writing one to ADSC. However, the
simplest method is to wait for the first conversion to complete, and then change the channel
selection. Since the next conversion has already started automatically, the next result will reflect
the previous channel selection. Subsequent conversions will reflect the new channel selection.

23.5.2 ADC Voltage Reference

The reference voltage for the ADC (Vggr) indicates the conversion range for the ADC. Single
ended channels that exceed Vg will result in codes close to 0x3FF. Vi can be selected as
either AVCC, internal 1.1V reference, or external AREF pin.

AVCC is connected to the ADC through a passive switch. The internal 1.1V reference is gener-
ated from the internal bandgap reference (Vgg) through an internal buffer. In either case, the
external AREF pin is directly connected to the ADC, and the reference voltage can be made
more immune to noise by connecting a capacitor between the AREF pin and ground. Vgge can
also be measured at the AREF pin with a high impedant voltmeter. Note that Vg is a high
impedant source, and only a capacitive load should be connected in a system.

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

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

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

2. Enter ADC Noise Reduction mode (or Idle mode). The ADC will start a conversion
once the CPU has been halted.

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

Note that the ADC will not be automatically turned off when entering other sleep modes than Idle
mode and ADC Noise Reduction mode. The user is advised to write zero to ADEN before enter-
ing such sleep modes to avoid excessive power consumption.
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software must write this bit to the desired value twice within four cycles to change its value. Note
that this bit must not be altered when using the On-chip Debug system.

If the JTAG interface is left unconnected to other JTAG circuitry, the JTD bit should be set to
one. The reason for this is to avoid static current at the TDO pin in the JTAG interface.

25.5.2 MCUSR - MCU Status Register
The MCU Status Register provides information on which reset source caused an MCU reset.

Bit 7 6 5 4 3 2 1 0
oxa4oxs4) | - | - | - | JIRF | WDRF | BORF | EXTRF | PORF | MCUSR
Read/Write R R R R/W R/W R/W R/W R/W

Initial Value 0 0 0 See Bit Description

* Bit 4 — JTRF: JTAG Reset Flag

This bit is set if a reset is being caused by a logic one in the JTAG Reset Register selected by
the JTAG instruction AVR_RESET. This bit is reset by a Power-on Reset, or by writing a logic
zero to the flag.

25.6 Boundary-scan Chain
The Boundary-scan chain has the capability of driving and observing the logic levels on the digi-
tal 1/0O pins, as well as the boundary between digital and analog logic for analog circuitry having
off-chip connection.

25.6.1 Scanning the Digital Port Pins
Figure 25-3 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 Data Sheet. Figure 25-4 shows a
simple digital port pin as described in the section “I/O-Ports” on page 60. The Boundary-scan
details from Figure 25-3 replaces the dashed box in Figure 25-4.

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 25-4 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.
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Table 25-8. ATmega3250/6450 Boundary-scan Order, 100-pin (Continued)

Bit Number | Signal Name Module
99 PD5.Pull-up_Enable

98 PD6.Data

97 PD6.Control

96 PD6.Pull-up_Enable

95 PD7.Data

94 PD7.Control

93 PD7.Pull-up_Enable

92 PGO0.Data Port G
91 PGO0.Control

920 PGO.Pull-up_Enable

89 PG1.Data

88 PG1.Control

87 PG1.Pull-up_Enable

86 PCO0.Data Port C
85 PCO0.Control

84 PCO.Pull-up_Enable

83 PC1.Data

82 PC1.Control

81 PC1.Pull-up_Enable

80 PC2.Data

79 PC2.Control

78 PC2.Pull-up_Enable

77 PC3.Data

76 PC3.Control

75 PC3.Pull-up_Enable

74 PC4.Data

73 PC4.Control

72 PC4.Pull-up_Enable

71 PC5.Data

70 PC5.Control

69 PCS5.Pull-up_Enable

68 PHO.Data Port H
67 PHO.Control

66 PHO.Pull-up_Enable

65 PH1.Data

64 PH1.Control
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Table 27-4.  Fuse High Byte
Fuse High Byte Bit No | Description Default Value
1 (unprogrammed,
OCDEN® 7 Enable OCD OCD disabled)
0 (programmed, JTAG
JTAGEN® 6 Enable JTAG enabled)
Enable Serial Program and Data | 0 (programmed, SPI
SPIEN™ 5 Downloading prog. enabled)
WDTON®) 4 Watchdog Timer always on 1 (unprogrammed)
1 (unprogrammed,
EEPROM memory is preserved EEPROM not
EESAVE 3 through the Chip Erase preserved)
Select Boot Size (see Table 27-6
BOOTSZ1 2 for details) 0 (programmed)®
Select Boot Size (see Table 27-6
BOOTSZ0 1 for details) 0 (programmed)®
BOOTRST 0 Select Reset Vector 1 (unprogrammed)
Note: 1. The SPIEN Fuse is not accessible in serial programming mode.

2. The default value of BOOTSZ1..0 results in maximum Boot Size. See Table 26-6 on page 262
for details.

3. See “Register Description” on page 47 for details.

4. Never ship a product with the OCDEN Fuse programmed regardless of the setting of Lock bits
and JTAGEN Fuse. A programmed OCDEN Fuse enables some parts of the clock system to
be running in all sleep modes. This may increase the power consumption.

5. If the JTAG interface is left unconnected, the JTAGEN fuse should if possible be disabled. This

to avoid static current at the TDO pin in the JTAG interface.

Table 27-5. Fuse Low Byte
Fuse Low Byte Bit No | Description Default Value
CKDIV8®¥ 7 Divide clock by 8 0 (programmed)
CkouT® 6 Clock output 1 (unprogrammed)
SUTH1 5 Select start-up time 1 (unprogrammed)"
SUTO 4 Select start-up time 0 (programmed)(")
CKSEL3 3 Select Clock source 0 (programmed)®
CKSEL2 2 Select Clock source 0 (programmed)®
CKSEL1 1 Select Clock source 1 (unprogrammed)®
CKSELO 0 Select Clock source 0 (programmed)®

Note: 1. The default value of SUT1..0 results in maximum start-up time for the default clock source.
See Table 28-4 on page 301 for details.

2. The default setting of CKSEL3..0 results in internal RC Oscillator @ 8 MHz. See Table 9-5 on
page 29 for details.

3. The CKOUT Fuse allow the system clock to be output on PORTE?. See “Clock Output Buffer”
on page 31 for details.

4. See “System Clock Prescaler” on page 32 for details.
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Table 28-7. ADC Characteristics
Symbol | Parameter Condition Min Typ Max Units
VNt Internal Voltage Reference 1.0 1.1 1.2 Vv
RRer Reference Input Resistance 32 kQ
Ran Analog Input Resistance 100 MQ
Note: 1. Voltage difference between channels
AIMEL 305
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Figure 29-31. I/O Pin Sink Current vs. Output Voltage, Port B (Voo =2.7V)
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Figure 29-32. I/O Pin Sink Current vs. Output Voltage, Port B (Vo= 1.8V)
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29.12 Current Consumption of Peripheral Units

Figure 29-49. Brownout Detector Current vs. V¢
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Figure 29-50. ADC Current vs. V¢ (AREF = AVCC)
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