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Power-on Reset A Power-on Reset (POR) pulse is generated by an On-chip detection circuit. The detection level
is defined in Table 15. The POR is activated whenever V. is below the detection level. The
POR circuit can be used to trigger the Start-up Reset, as well as to detect a failure in supply
voltage.

A Power-on Reset (POR) circuit ensures that the device is reset from Power-on. Reaching the
Power-on Reset threshold voltage invokes the delay counter, which determines how long the
device is kept in RESET after V. rise. The RESET signal is activated again, without any delay,
when V. decreases below the detection level.

Figure 16. MCU Start-up, RESET Tied to V.
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Figure 17. MCU Start-up, RESET Extended Externally
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Register
Description for 1/0
Ports

Port A Data Register —
PORTA

Port A Data Direction
Register — DDRA

Port A Input Pins
Address — PINA

Port B Data Register —
PORTB

Port B Data Direction
Register — DDRB

Port B Input Pins
Address — PINB

2466T-AVR-07/10

Bit

Read/Write
Initial Value

Bit

Read/Write
Initial Value

Bit

Read/Write
Initial Value

Bit

Read/Write
Initial Value

Bit

Read/Write
Initial Value

Bit

Read/Write
Initial Value

7 6 5 4 3 2 1 0

I PORTA7 | PORTA6 | PORTA5 | PORTA4 | PORTA3 | PORTA2 | PORTAl1 | PORTAO I PORTA
RIW RIW RIW RIW R/IW R/IW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

I DDA7 DDA6 DDA5 DDA4 DDA3 DDA2 DDA1 DDAO I DDRA
RIW RIW RIW RIW R/IW R/IW R/IW R/IW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

I PINA7 PINAG6 PINAS PINA4 PINA3 PINA2 PINA1 PINAO I PINA
R R R R R R R R
N/A N/A N/A N/A N/A N/A N/A N/A
7 6 5 4 3 2 1 0

I PORTB7 | PORTB6 | PORTB5 | PORTB4 | PORTB3 | PORTB2 | PORTB1 | PORTBO I PORTB
RIW RIW R/IW R/IW R/IW R/IW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

I DDB7 DDB6 DDB5 DDB4 DDB3 DDB2 DDB1 DDBO I DDRB
R/W R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

I PINB7 PINB6 PINBS PINB4 PINB3 PINB2 PINB1 PINBO I PINB
R R R R R R R R
N/A N/A N/A N/A N/A N/A N/A N/A

ATMEL o
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16-bit
Timer/Counterl

Overview

2466T-AVR-07/10

The 16-bit Timer/Counter unit allows accurate program execution timing (event management),

wave generation, and signal timing measurement. The main features are:
e True 16-bit Design (that is, allows 16-bit PWM)

* Two Independent Output Compare Units

* Double Buffered Output Compare Registers

* One Input Capture Unit

* Input Capture Noise Canceler

e Clear Timer on Compare Match (Auto Reload)

¢ Glitch-free, Phase Correct Pulse Width Modulator (PWM)

e Variable PWM Period

* Frequency Generator

e External Event Counter

* Four Independent Interrupt Sources (TOV1, OCF1A, OCF1B, and ICF1)

Most register and bit references in this section are written in general form. A lower case “n”
replaces the Timer/Counter number, and a lower case “x” replaces the output compare unit.
However, when using the register or bit defines in a program, the precise form must be used
(that is, TCNT1 for accessing Timer/Counterl counter value and so on).

A simplified block diagram of the 16-bit Timer/Counter is shown in Figure 40. For the actual
placement of I/O pins, refer to Figure 1 on page 2. CPU accessible I/O Registers, including 1/0
bits and I/O pins, are shown in bold. The device specific /0O Register and bit locations are listed
in the “16-bit Timer/Counter Register Description” on page 110.

ATMEL 5
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Accessing 16-bit
Registers

2466T-AVR-07/10

The TCNT1, OCR1A/B, and ICR1 are 16-bit registers that can be accessed by the AVR CPU via
the 8-bit data bus. The 16-bit register must be byte accessed using two read or write operations.
Each 16-bit timer has a single 8-bit register for temporary storing of the High byte of the 16-bit
access. The same temporary register is shared between all 16-bit registers within each 16-bit
timer. Accessing the Low byte triggers the 16-bit read or write operation. When the Low byte of a
16-bit register is written by the CPU, the High byte stored in the temporary register, and the Low
byte written are both copied into the 16-bit register in the same clock cycle. When the Low byte
of a 16-bit register is read by the CPU, the High byte of the 16-bit register is copied into the tem-
porary register in the same clock cycle as the Low byte is read.

Not all 16-bit accesses uses the temporary register for the High byte. Reading the OCR1A/B 16-
bit registers does not involve using the temporary register.

To do a 16-bit write, the High byte must be written before the Low byte. For a 16-bit read, the
Low byte must be read before the High byte.

The following code examples show how to access the 16-bit Timer Registers assuming that no
interrupts updates the temporary register. The same principle can be used directly for accessing
the OCR1A/B and ICR1 Registers. Note that when using “C”, the compiler handles the 16-bit
access.

Assembly Code Example®

; Set TCNT1 to O0x01FF
1di r17,0x01

1di rl6, OXFF

out TCNT1H, r1l7

out TCNT1L,rlé6

; Read TCNT1l into rl7:rlé6
in rl6,TCNT1L

in rl7,TCNT1H

C Code Example®

unsigned int i;

/* Set TCNT1 to O0xO01FF */
TCNT1 = O0x1FF;

/* Read TCNT1 into i */

i = TCNT1;

Note: 1. See “About Code Examples” on page 7.
The assembly code example returns the TCNT1 value in the r17:r16 register pair.

It is important to notice that accessing 16-bit registers are atomic operations. If an interrupt
occurs between the two instructions accessing the 16-bit register, and the interrupt code
updates the temporary register by accessing the same or any other of the 16-bit Timer Regis-
ters, then the result of the access outside the interrupt will be corrupted. Therefore, when both
the main code and the interrupt code update the temporary register, the main code must disable
the interrupts during the 16-bit access.

ATMEL 0
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will be the same, but TOP should be replaced by BOTTOM, TOP-1 by BOTTOM+1 and so on.
The same renaming applies for modes that set the TOV1 Flag at BOTTOM.

Figure 51. Timer/Counter Timing Diagram, no Prescaling
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Figure 52 shows the same timing data, but with the prescaler enabled.

Figure 52. Timer/Counter Timing Diagram, with Prescaler (f ,,0/8)
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8-bit
Timer/Counter
Register
Description
Timer/Counter Control
Register —- TCCR2 Bit 7 6 5 4 3 2 1 0
| Foc2 | wGmz2o | com21 | com2o | wGmz1 | cs22 cs21 cs20 | Tccrz
Read/Write W R/W R/W R/W R/W R/IW R/W R/W
Initial Value 0 0 0 0 0 0 0 0

e Bit 7 - FOC2: Force Output Compare

The FOC2 bit is only active when the WGM bits specify a non-PWM mode. However, for ensur-
ing compatibility with future devices, this bit must be set to zero when TCCR2 is written when
operating in PWM mode. When writing a logical one to the FOC2 bit, an immediate compare
match is forced on the waveform generation unit. The OC2 output is changed according to its
COMZ21:0 bits setting. Note that the FOC2 bit is implemented as a strobe. Therefore it is the
value present in the COM21.:0 bits that determines the effect of the forced compare.

A FOC2 strobe will not generate any interrupt, nor will it clear the timer in CTC mode using
OCR2 as TOP.

The FOC2 bit is always read as zero.

e Bit 3, 6 - WGM21:0: 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 50 and “Modes of Operation” on

page 122.
Table 50. Waveform Generation Mode Bit Description®
WGM21 | WGM20 | Timer/Counter Mode of Update of | TOV2 Flag
Mode | (CTC2) | (PWM2) | Operation TOP OCR2 Set on
0 0 0 Normal OxFF Immediate | MAX
1 0 1 PWM, Phase Correct OxFF TOP BOTTOM
2 1 0 CTC OCR2 | Immediate | MAX
3 1 1 Fast PWM OxFF BOTTOM MAX

Note: 1. The CTC2 and PWM2 bit definition names are now obsolete. Use the WGM21:0 definitions.
However, the functionality and location of these bits are compatible with previous versions of
the timer.

¢ Bit 5:4 — COM21:0: Compare Match Output Mode

These bits control the Output Compare pin (OC2) behavior. If one or both of the COM21:0 bits
are set, the OC2 output overrides the normal port functionality of the I/O pin it is connected to.
However, note that the Data Direction Register (DDR) bit corresponding to OC2 pin must be set
in order to enable the output driver.

AImEl@ 128
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Internal Clock
Generation — The
Baud Rate Generator

2466T-AVR-07/10

ATmegal6(L)

Figure 70. Clock Generation Logic, Block Diagram
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Signal description:
txclk  Transmitter clock (Internal Signal).
rxclk Receiver base clock (Internal Signal).
xcki  Input from XCK pin (Internal Signal). Used for synchronous Slave operation.

xcko  Clock output to XCK pin (Internal Signal). Used for synchronous Master
operation.

fosc  XTAL pin frequency (System Clock).

Internal clock generation is used for the asynchronous and the synchronous Master modes of
operation. The description in this section refers to Figure 70.

The USART Baud Rate Register (UBRR) and the down-counter connected to it function as a
programmable prescaler or baud rate generator. The down-counter, running at system clock
(fosc), is loaded with the UBRR value each time the counter has counted down to zero or when
the UBRRL Register is written. A clock is generated each time the counter reaches zero. This
clock is the baud rate generator clock output (= fosc/(UBRR+1)). The Transmitter divides the
baud rate generator clock output by 2, 8 or 16 depending on mode. The baud rate generator out-
put is used directly by the receiver’s clock and data recovery units. However, the recovery units
use a state machine that uses 2, 8 or 16 states depending on mode set by the state of the
UMSEL, U2X and DDR_XCK bits.

Table 60 contains equations for calculating the baud rate (in bits per second) and for calculating
the UBRR value for each mode of operation using an internally generated clock source.
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Receiving Frames with
9 Databits

2466T-AVR-07/10

If 9 bit characters are used (UCSZ=7) the ninth bit must be read from the RXB8 bit in UCSRB
before reading the low bits from the UDR. This rule applies to the FE, DOR and PE status Flags
as well. Read status from UCSRA, then data from UDR. Reading the UDR 1/O location will
change the state of the receive buffer FIFO and consequently the TXB8, FE, DOR and PE bits,

which all are stored in the FIFO, will change.

The following code example shows a simple USART receive function that handles both 9-bit

characters and the status bits.

Assembly Code Example®

USART_Receive:
; Wait for data to be received
sbis UCSRA, RXC
rjmp USART Receive

in rl8, UCSRA
in rl7, UCSRB
in rl6, UDR
; If error, return -1
andi rl8,(l<<FE)|(l<<DOR)|(1<<PE)
breq USART ReceiveNoError
1di rl7, HIGH(-1)
1di rl6, LOW(-1)
USART ReceiveNoError:
; Filter the 9th bit, then return
1sr rl7
andi rl17, 0x01

ret

; Get status and 9th bit, then data from buffer

C Code Example®

unsigned int USART Receive( void )
unsigned char status, resh, resl;
/* Wait for data to be received */

while ( ! (UCSRA & (1<<RXC)) )

7

/* from buffer */

status = UCSRA;

resh = UCSRB;

resl = UDR;

/* If error, return -1 */

if ( status & (1<<FE) | (1<<DOR) | (1<<PE)
return -1;

/* Filter the 9th bit, then return */

resh = (resh >> 1) & 0x01;

return ((resh << 8) | resl);

/* Get status and 9th bit, then data */

)

Note: 1. See “About Code Examples” on page 7.

ATMEL
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Asynchronous Data
Recovery

2466T-AVR-07/10

figure), to decide if a valid start bit is received. If two or more of these three samples have logical
high levels (the majority wins), the start bit is rejected as a noise spike and the receiver starts
looking for the next high to low-transition. If however, a valid start bit is detected, the clock recov-
ery logic is synchronized and the data recovery can begin. The synchronization process is
repeated for each start bit.

When the receiver clock is synchronized to the start bit, the data recovery can begin. The data
recovery unit uses a state machine that has 16 states for each bit in normal mode and 8 states
for each bit in Double Speed mode. Figure 74 shows the sampling of the data bits and the parity
bit. Each of the samples is given a number that is equal to the state of the recovery unit.

Figure 74. Sampling of Data and Parity Bit
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Sample
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The decision of the logic level of the received bit is taken by doing a majority voting of the logic
value to the three samples in the center of the received bit. The center samples are emphasized
on the figure by having the sample number inside boxes. The majority voting process is done as
follows: If two or all three samples have high levels, the received bit is registered to be a logic 1.
If two or all three samples have low levels, the received bit is registered to be a logic 0. This
majority voting process acts as a low pass filter for the incoming signal on the RxD pin. The
recovery process is then repeated until a complete frame is received. Including the first stop bit.
Note that the receiver only uses the first stop bit of a frame.

Figure 75 shows the sampling of the stop bit and the earliest possible beginning of the start bit of
the next frame.

Figure 75. Stop Bit Sampling and Next Start Bit Sampling
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The same majority voting is done to the stop bit as done for the other bits in the frame. If the stop
bit is registered to have a logic 0 value, the Frame Error (FE) Flag will be set.

Sample
(U2x =1) 1

A new high to low transition indicating the start bit of a new frame can come right after the last of
the bits used for majority voting. For Normal Speed mode, the first low level sample can be at
point marked (A) in Figure 75. For Double Speed mode the first low level must be delayed to (B).
(C) marks a stop bit of full length. The early start bit detection influences the operational range of
the receiver.
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Electrical
Interconnection

Data Transfer and
Frame Format

Transferring Bits

START and STOP
Conditions

2466T-AVR-07/10

As depicted in Figure 76, both bus lines are connected to the positive supply voltage through
pull-up resistors. The bus drivers of all TWI-compliant devices are open-drain or open-collector.
This implements a wired-AND function which is essential to the operation of the interface. A low
level on a TWI bus line is generated when one or more TWI devices output a zero. A high level
is output when all TWI devices tri-state their outputs, allowing the pull-up resistors to pull the line
high. Note that all AVR devices connected to the TWI bus must be powered in order to allow any
bus operation.

The number of devices that can be connected to the bus is only limited by the bus capacitance
limit of 400 pF and the 7-bit Slave address space. A detailed specification of the electrical char-
acteristics of the TWI is given in “Two-wire Serial Interface Characteristics” on page 294. Two
different sets of specifications are presented there, one relevant for bus speeds below 100 kHz,
and one valid for bus speeds up to 400 kHz.

Each data bit transferred on the TWI bus is accompanied by a pulse on the clock line. The level
of the data line must be stable when the clock line is high. The only exception to this rule is for
generating start and stop conditions.

Figure 77. Data Validity

SDA
Data Stable Data Stable
Data Change

The Master initiates and terminates a data transmission. The transmission is initiated when the
Master issues a START condition on the bus, and it is terminated when the Master issues a
STOP condition. Between a START and a STOP condition, the bus is considered busy, and no
other Master should try to seize control of the bus. A special case occurs when a new START
condition is issued between a START and STOP condition. This is referred to as a REPEATED
START condition, and is used when the Master wishes to initiate a new transfer without releas-
ing control of the bus. After a REPEATED START, the bus is considered busy until the next
STOP. This is identical to the START behavior, and therefore START is used to describe both
START and REPEATED START for the remainder of this datasheet, unless otherwise noted. As
depicted below, START and STOP conditions are signalled by changing the level of the SDA
line when the SCL line is high.
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Differential Gain
Channels

2466T-AVR-07/10

Figure 103. ADC Timing Diagram, Auto Triggered Conversion
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Figure 104. ADC Timing Diagram, Free Running Conversion
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Table 81. ADC Conversion Time

Sample & Hold (Cycles
from Start of
Condition Conversion) Conversion Time (Cycles)
First conversion 13.5 25
Normal conversions, single ended 15 13
Auto Triggered conversions 2 135
Normal conversions, differential 1.5/2.5 13/14

When using differential gain channels, certain aspects of the conversion need to be taken into

consideration.

Differential conversions are synchronized to the internal clock CK,p, equal to half the ADC
clock. This synchronization is done automatically by the ADC interface in such a way that the
sample-and-hold occurs at a specific phase of CK,pc,. A conversion initiated by the user (that is,

ATMEL
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ADC Input Channels

ADC Voltage
Reference

ADC Noise
Canceler

2466T-AVR-07/10

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.

When switching to a differential gain channel, the first conversion result may have a poor accu-
racy due to the required settling time for the automatic offset cancellation circuitry. The user
should preferably disregard the first conversion result.

The reference voltage for the ADC (Vrgg) indicates the conversion range for the ADC. Single
ended channels that exceed Vzge will result in codes close to 0x3FF. Ve can be selected as
either AVCC, internal 2.56V reference, or external AREF pin.

AVCC is connected to the ADC through a passive switch. The internal 2.56V reference is gener-
ated from the internal bandgap reference (Vgg) through an internal amplifier. 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 2.56V 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.

If differential channels are used, the selected reference should not be closer to AVCC than
indicated in Table 122 on page 297.

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. If the ADC is enabled in such
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Figure 126. Addressing the Flash during SPM®

BIT 15 ZPCMSB ZPAGEMSB 1 0
Z - REGISTER I 0
PCMSB PAGEMSB
PROGRAM
COUNTER PCPAGE PCWORD
PAGE ADDRESS WORD ADDRESS
WITHIN THE FLASH WITHIN A PAGE
PROGRAM MEMORY L] . PAGE PCWORD[PAGEMSB:0]:
PAGE . INSTRUCTION WORD 00
\ 01
\
\ 02
\
< \ .
\ > X
\ .
\ 1
\ 1
1
\ 1
\ 1
\ .
\ 1
\ 1
\ PAGEEND
\

Notes: 1. The different variables used in Figure 126 are listed in Table 102 on page 258.

2. PCPAGE and PCWORD are listed in Table 107 on page 262.

Self-Programming

The program memory is updated in a page by page fashion. Before programming a page with
the Flash

the data stored in the temporary page buffer, the page must be erased. The temporary page buf-
fer is filled one word at a time using SPM and the buffer can be filled either before the page
erase command or between a page erase and a page write operation:

Alternative 1, fill the buffer before a Page Erase

« Fill temporary page buffer

e Perform a Page Erase

¢ Perform a Page Write

Alternative 2, fill the buffer after Page Erase
e Perform a Page Erase

« Fill temporary page buffer

e Perform a Page Write

If only a part of the page needs to be changed, the rest of the page must be stored (for example
in the temporary page buffer) before the erase, and then be rewritten. When using alternative 1,
the Boot Loader provides an effective Read-Modify-Write feature which allows the user software
to first read the page, do the necessary changes, and then write back the modified data. If alter-
native 2 is used, it is not possible to read the old data while loading since the page is already
erased. The temporary page buffer can be accessed in a random sequence. It is essential that
the page address used in both the page erase and page write operation is addressing the same

page. See “Simple Assembly Code Example for a Boot Loader” on page 256 for an assembly
code example.

AImEl@ 252
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Setting the Boot
Loader Lock Bits by
SPM

EEPROM Write
Prevents Writing to
SPMCR

Reading the Fuse and
Lock Bits from
Software

Preventing Flash
Corruption

2466T-AVR-07/10

To set the Boot Loader Lock bits, write the desired data to RO, write “X0001001” to SPMCR and
execute SPM within four clock cycles after writing SPMCR. The only accessible Lock bits are the
Boot Lock bits that may prevent the Application and Boot Loader section from any software
update by the MCU.

Bit 7 6 5 4 3 2 1 0
RO | ¢ | 1 | BLB12 | BLB11 | BLB02 | BLBO1 | 1 | 1 |

See Table 96 and Table 97 for how the different settings of the Boot Loader bits affect the Flash
access.

If bits 5..2 in RO are cleared (zero), the corresponding Boot Lock bit will be programmed if an
SPM instruction is executed within four cycles after BLBSET and SPMEN are set in SPMCR.
The Z-pointer is don’t care during this operation, but for future compatibility it is recommended to
load the Z-pointer with $0001 (same as used for reading the Lock bits). For future compatibility It
is also recommended to set bits 7, 6, 1, and 0 in RO to “1” when writing the Lock bits. When pro-
gramming the Lock bits the entire Flash can be read during the operation.

Note that an EEPROM write operation will block all software programming to Flash. Reading the
Fuses and Lock bits from software will also be prevented during the EEPROM write operation. It
is recommended that the user checks the status bit (EEWE) in the EECR Register and verifies
that the bit is cleared before writing to the SPMCR Register.

It is possible to read both the Fuse and Lock bits from software. To read the Lock bits, load the
Z-pointer with $0001 and set the BLBSET and SPMEN bits in SPMCR. When an LPM instruction
is executed within three CPU cycles after the BLBSET and SPMEN bits are set in SPMCR, the
value of the Lock bits will be loaded in the destination register. The BLBSET and SPMEN bits
will auto-clear upon completion of reading the Lock bits or if no LPM instruction is executed
within three CPU cycles or no SPM instruction is executed within four CPU cycles. When BLB-
SET and SPMEN are cleared, LPM will work as described in the Instruction set Manual.

Bit 7 6 5 4 3 2 1 0
Rd |l - | - | BLB12 | BLB11 | BLB02 | BLBo1 | LB2 | LB1 |

The algorithm for reading the Fuse Low bits is similar to the one described above for reading the
Lock bits. To read the Fuse Low bits, load the Z-pointer with $0000 and set the BLBSET and
SPMEN bits in SPMCR. When an LPM instruction is executed within three cycles after the BLB-
SET and SPMEN bits are set in the SPMCR, the value of the Fuse Low bits (FLB) will be loaded
in the destination register as shown below. Refer to Table 106 on page 261 for a detailed
description and mapping of the Fuse Low bits.

Bit 7 6 5 4 3 2 1 0
Rd | FLB? | FLB6 | FLB5 | FLB4 | FLB3 | FLB2 | FLB1 | FLBO |

Similarly, when reading the Fuse High bits, load $0003 in the Z-pointer. When an LPM instruc-
tion is executed within three cycles after the BLBSET and SPMEN bits are set in the SPMCR,
the value of the Fuse High bits (FHB) will be loaded in the destination register as shown below.
Refer to Table 105 on page 260 for detailed description and mapping of the Fuse High bits.

Bit 7 6 5 4 3 2 1 0
Rd | FHB7 | FHB6 | FHB5 | FHB4 | FHB3 | FHB2 | FHB1 | FHBO |

Fuse and Lock bits that are programmed, will be read as zero. Fuse and Lock bits that are
unprogrammed, will be read as one.

During periods of low V¢ the Flash program can be corrupted because the supply voltage is too

low for the CPU and the Flash to operate properly. These issues are the same as for board level
systems using the Flash, and the same design solutions should be applied.
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Programming The Programming Command Register is a 15-bit register. This register is used to serially shift in

Command Register programming commands, and to serially shift out the result of the previous command, if any. The
JTAG Programming Instruction Set is shown in Table 117. The state sequence when shifting in
the programming commands is illustrated in Figure 142.

Figure 141. Programming Command Register
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5] The sum of all IOH, for ports D3 - D7, should not exceed 100 mA.
6] The sum of all IOH, for ports CO - C7, should not exceed 100 mA.If IOH exceeds the test condition, VOH may exceed the
related specification. Pins are not guaranteed to source current greater than the listed test condition.
5. Minimum V. for Power-down is 2.5V.

External Clock
Drive Waveforms

External Clock
Drive

2466T-AVR-07/10

Figure 145. External Clock Drive Waveforms
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Table 118. External Clock Drive®
Vee =2.7Vt0 5.5V | Vo =45V to 5.5V
Symbol Parameter Min Max Min Max Units
1heLcL Oscillator Frequency 0 8 0 16 MHz
teLeL Clock Period 125 62.5
tehex High Time 50 25 ns
teLex Low Time 50 25
tcicH Rise Time 1.6 0.5
teneL Fall Time 1.6 0.5 he
Change in period from
one clock cycle to the 2 2 %
AteicL next
Note: 1. Referto “External Clock” on page 31 for details.
Table 119. External RC Oscillator, Typical Frequencies (V¢ = 5)
R [kQ]® C [pF] f@
33 22 650 kHz
10 22 2.0 MHz
Notes: 1. R should be in the range 3 kQ - 100 kQ, and C should be at least 20 pF.
2. The frequency will vary with package type and board layout.
293



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 178. 1/0 Pin Source Current vs. Output Voltage (V¢ = 5V)
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Figure 179. 1/O Pin Source Current vs. Output Voltage (V¢ = 2.7V)
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Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
$01 ($21) TWSR TWS7 TWS6 TWS5 TWS4 TWS3 = TWPS1 TWPSO 181
$00 ($20) TWBR Two-wire Serial Interface Bit Rate Register 180
Notes: 1. When the OCDEN Fuse is unprogrammed, the OSCCAL Register is always accessed on this address. Refer to the debug-
ger specific documentation for details on how to use the OCDR Register.
2. Refer to the USART description for details on how to access UBRRH and UCSRC.
3. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved I1/0 memory addresses
should never be written.
4. Some of the Status Flags are cleared by writing a logical one to them. Note that the CBI and SBI instructions will operate on

all bits in the /O Register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBI instructions

work with registers $00 to $1F only.
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2466T-AVR-07/10

ATMEL

Mnemonics Operands Description Operation Flags #Clocks
CLH Clear Half Carry Flag in SREG H<« 0 H 1
MCU CONTROL INSTRUCTIONS
NOP No Operation None 1
SLEEP Sleep (see specific descr. for Sleep function) None 1
WDR Watchdog Reset (see specific descr. for WDR/timer) None 1
BREAK Break For On-Chip Debug Only None N/A
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