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also assume that no Flash Boot Loader is present in the software. If such code is present, the
EEPROM write function must also wait for any ongoing SPM command to finish.

Assembly Code Example

EEPROM write:
; Wait for completion of previous write
sbic EECR, EEWE
rjmp EEPROM write
; Set up address (rl18:rl17) in address register
out EEARH, rl8
out EEARL, rl7
; Write data (rlé) to data register
out EEDR,rlé6
; Write logical one to EEMWE
sbi EECR, EEMWE
; Start eeprom write by setting EEWE
sbi EECR, EEWE

ret

C Code Example

void EEPROM write (unsigned int uiAddress, unsigned char ucData)
{
/* Wait for completion of previous write */
while (EECR & (1<<EEWE))
/* Set up address and data registers */
EEAR = uiAddress;
EEDR = ucData;
/* Write logical one to EEMWE */
EECR |= (1<<EEMWE) ;
/* Start eeprom write by setting EEWE */
EECR |= (1<<EEWE);

ATMEL 2
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When the BOOTRST Fuse is unprogrammed, the Boot section size set to 2 Kbytes and the
IVSEL bit in the GICR Register is set before any interrupts are enabled, the most typical and
general program setup for the Reset and Interrupt Vector Addresses is:

Address
$000
$001
$002
$003
$004
$005

7

Labels
RESET:

.org $1C02

$1C02
$1C04

$1C28

Code
1di

out

SPH, rlé6

1di rl6, low (RAMEND)

out

sei

SPL, rl6

<instr> XXX

jmp
jmp

jmp

EXT INTO
EXT INT1

SPM_RDY

Comments

rl6,high (RAMEND) ;

7

7

7

7

Main program start

Set Stack Pointer to top of RAM

Enable interrupts

IRQO Handler
IRQ1 Handler

Store Program Memory Ready Handler

When the BOOTRST Fuse is programmed and the Boot section size set to 2 Kbytes, the most
typical and general program setup for the Reset and Interrupt Vector Addresses is:

Address
.org $002
$002

$004

$028

7

Labels

.org $1C00

$1C00
$1c01
$1C02
$1C03
$1C04
$1C05

RESET:

jmp
jmp

jmp

1di
out
1di
out

sei

Code

EXT_INTO
EXT_ INT1

SPM_RDY

rl6,high (RAMEND) ;

SPH,rl6
r16,low (RAMEND)
SPL, rl6

<instr> xxx

Comments

IRQO0 Handler
IRQ1 Handler

Store Program Memory Ready Handler

Main program start

Set Stack Pointer to top of RAM

Enable interrupts

When the BOOTRST Fuse is programmed, the Boot section size set to 2 Kbytes and the IVSEL
bit in the GICR Register is set before any interrupts are enabled, the most typical and general
program setup for the Reset and Interrupt Vector Addresses is:

Address

Labels

.org $1C00

$1C00
$1C02

$1C04

$1C28
$1C2A
$1C2B
$1c2C
$1C2D
$1C2E
$1C2F

RESET:

Code

jmp
jmp
jmp

jmp

1di
out
1di
out

sei

RESET ;
EXT_INTO ;

EXT INT1 H

SPM_RDY ;

Comments

Reset handler
IRQO Handler

IRQ1 Handler

Store Program Memory Ready Handler

rl6,high (RAMEND) ;

SPH,rl6
r16,low (RAMEND)
SPL, rl6

<instr> xxx

ATMEL
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Main program start

Set Stack Pointer to top of RAM

; Enable interrupts
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* SDA - Port C, Bit 1

SDA, Two-wire Serial Interface Data: When the TWEN bit in TWCR is set (one) to enable the
Two-wire Serial Interface, pin PC1 is disconnected from the port and becomes the Serial Data
I/0 pin for the Two-wire Serial Interface. In this mode, there is a spike filter on the pin to sup-
press spikes shorter than 50 ns on the input signal, and the pin is driven by an open drain driver
with slew-rate limitation. When this pin is used by the Two-wire Serial Interface, the pull-up can
still be controlled by the PORTCL bit.

e SCL—-PortC,Bit0

SCL, Two-wire Serial Interface Clock: When the TWEN bit in TWCR is set (one) to enable the
Two-wire Serial Interface, pin PCO is disconnected from the port and becomes the Serial Clock
I/0 pin for the Two-wire Serial Interface. In this mode, there is a spike filter on the pin to sup-
press spikes shorter than 50 ns on the input signal, and the pin is driven by an open drain driver
with slew-rate limitation. When this pin is used by the Two-wire Serial Interface, the pull-up can
still be controlled by the PORTCO bit.

Table 29 and Table 30 relate the alternate functions of Port C to the overriding signals shown in
Figure 26 on page 55.

Table 29. Overriding Signals for Alternate Functions in PC7..PC4

fl'fn:gl PC7/TOSC2 PC6/TOSC1 PC5/TDI PC4/TDO
PUOE | AS2 AS2 JTAGEN | JTAGEN
PUOV 0 0 1 0

DDOE | AS2 AS2 JTAGEN | JTAGEN
DDOV | O 0 0 SHIFT_IR + SHIFT_DR
PVOE 0 0 0 JTAGEN
PVOV 0 0 0 TDO
DIEOE | AS2 AS2 JTAGEN | JTAGEN
DIEQV | O 0 0 0

DI - - - -

AIO T/C2 OSC OUTPUT | T/C2 OSC INPUT | TDI -

ATMEL o
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whether clky, is present or not. A CPU write overrides (has priority over) all counter clear or
count operations.

The counting sequence is determined by the setting of the WGMO01 and WGMOO bits located in
the Timer/Counter Control Register (TCCRO0). There are close connections between how the
counter behaves (counts) and how waveforms are generated on the Output Compare output
OCO. For more details about advanced counting sequences and waveform generation, see
“Modes of Operation” on page 76.

The Timer/Counter Overflow (TOVO) Flag is set according to the mode of operation selected by
the WGMO01.:0 bits. TOVO can be used for generating a CPU interrupt.

Output Compare The 8-bit comparator continuously compares TCNTO with the Output Compare Register

Unit (OCRO0). Whenever TCNTO equals OCRO, the comparator signals a match. A match will set the
Output Compare Flag (OCFO) at the next timer clock cycle. If enabled (OCIEO = 1 and Global
Interrupt Flag in SREG is set), the Output Compare Flag generates an output compare interrupt.
The OCFO Flag is automatically cleared when the interrupt is executed. Alternatively, the OCFO
Flag can be cleared by software by writing a logical one to its I/O bit location. The waveform gen-
erator uses the match signal to generate an output according to operating mode set by the
WGMO1:0 bits and Compare Output mode (COMO01:0) bits. The max and bottom signals are
used by the waveform generator for handling the special cases of the extreme values in some
modes of operation (See “Modes of Operation” on page 76.).

Figure 29 shows a block diagram of the output compare unit.

Figure 29. Output Compare Unit, Block Diagram

DATA BUS
| |
OCRn TCNTn
I = (8-bit Comparator ) I
OCF£ (Int.Req.)
/
top »

botom  ___ | Waveform Generator »| ocn
FOCn >

1]

WGMn1:0 COMN1:0

The OCRO Register is double buffered when using any of the Pulse Width Modulation (PWM)
modes. For the normal and Clear Timer on Compare (CTC) modes of operation, the double buff-
ering is disabled. The double buffering synchronizes the update of the OCR0O Compare Register
to either top or bottom of the counting sequence. The synchronization prevents the occurrence
of odd-length, non-symmetrical PWM pulses, thereby making the output glitch-free.

ATMEL 7
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Timer/Counter
Register — TCNTO

Output Compare
Register — OCRO

Timer/Counter
Interrupt Mask
Register — TIMSK

2466T-AVR-07/10

¢ Bit 2:0 - CS02:0: Clock Select

The three Clock Select bits select the clock source to be used by the Timer/Counter.
Table 42. Clock Select Bit Description

CSs02 CSso01 CS00 | Description
0 0 0 No clock source (Timer/Counter stopped).
0 0 1 clk;o/(No prescaling)
0 1 0 clk,o/8 (From prescaler)
0 1 1 clk;,o/64 (From prescaler)
1 0 0 clk,5/256 (From prescaler)
1 0 1 clk;/1024 (From prescaler)
1 1 0 External clock source on TO pin. Clock on falling edge.
1 1 1 External clock source on TO pin. Clock on rising edge.

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

Bit 7 6 5 4 3 2 1 0

| TCNTO[7:0] | Ttcnto
Read/Write RIW RIW RIW R/W R/W R/W RIW R/W
Initial Value 0 0 0 0 0 0 0 0

The Timer/Counter Register gives direct access, both for read and write operations, to the
Timer/Counter unit 8-bit counter. Writing to the TCNTO Register blocks (removes) the compare
match on the following timer clock. Modifying the counter (TCNTO) while the counter is running,
introduces a risk of missing a compare match between TCNTO and the OCRO Register.

Bit 7 6 5 4 3 2 1 0

| OCRO[7:0] | ocro
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0

The Output Compare Register contains an 8-bit value that is continuously compared with the
counter value (TCNTO). A match can be used to generate an output compare interrupt, or to
generate a waveform output on the OCO pin.

Bit 7 6 5 4 3 2 1 0

I OCIE2 TOIE2 TICIE1 | OCIE1A | OCIE1B TOIE1 OCIEO TOIEO I TIMSK
Read/Write RIW 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 1 - OCIEO: Timer/Counter0 Output Compare Match Interrupt Enable

When the OCIEOQ bit is written to one, and the I-bit in the Status Register is set (one), the
Timer/CounterO0 Compare Match interrupt is enabled. The corresponding interrupt is executed if
a compare match in Timer/Counter0 occurs, that is, when the OCFO bit is set in the Timer/Coun-
ter Interrupt Flag Register — TIFR.

ATMEL L
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Force Output
Compare

Compare Match
Blocking by TCNT2
Write

Using the Output
Compare Unit
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to either top or bottom of the counting sequence. The synchronization prevents the occurrence
of odd-length, non-symmetrical PWM pulses, thereby making the output glitch-free.

The OCR2 Register access may seem complex, but this is not case. When the double buffering
is enabled, the CPU has access to the OCR2 Buffer Register, and if double buffering is disabled
the CPU will access the OCR2 directly.

In non-PWM waveform generation modes, the match output of the comparator can be forced by
writing a one to the Force Output Compare (FOCZ2) bit. Forcing compare match will not set the
OCF2 Flag or reload/clear the timer, but the OC2 pin will be updated as if a real compare match
had occurred (the COM21.:0 bits settings define whether the OC2 pin is set, cleared or toggled).

All CPU write operations to the TCNT2 Register will block any compare match that occurs in the
next timer clock cycle, even when the timer is stopped. This feature allows OCR2 to be initialized
to the same value as TCNT2 without triggering an interrupt when the Timer/Counter clock is
enabled.

Since writing TCNTZ2 in any mode of operation will block all compare matches for one timer clock
cycle, there are risks involved when changing TCNT2 when using the output compare unit, inde-
pendently of whether the Timer/Counter is running or not. If the value written to TCNT2 equals
the OCR2 value, the compare match will be missed, resulting in incorrect waveform generation.
Similarly, do not write the TCNT2 value equal to BOTTOM when the counter is downcounting.

The setup of the OC2 should be performed before setting the Data Direction Register for the port
pin to output. The easiest way of setting the OC2 value is to use the Force Output Compare
(FOC2) strobe bit in Normal mode. The OC2 Register keeps its value even when changing
between Waveform Generation modes.

Be aware that the COM21:0 bits are not double buffered together with the compare value.
Changing the COM21.:0 bits will take effect immediately.

AImEl@ 120
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The Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART) is a
highly flexible serial communication device. The main features are:
e Full Duplex Operation (Independent Serial Receive and Transmit Registers)
e 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
e 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 69. CPU accessible 1/0
Registers and 1/O pins are shown in bold.

Figure 69. USART Block Diagram®
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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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¢ Bit 2:1 - UCSZ1:0: Character Size

The UCSZ1:0 bits combined with the UCSZ2 bit in UCSRB sets the number of data bits (Char-
acter Size) in a frame the Receiver and Transmitter use.

Table 66. UCSZ Bits Settings

uUcsz2 ucsz1 UCSz0 Character Size
0 0 0 5-bit
0 0 1 6-bit
0 1 0 7-bit
0 1 1 8-bit
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 9-bit

e Bit 0 — UCPOL: Clock Polarity

This bit is used for Synchronous mode only. Write this bit to zero when Asynchronous mode is
used. The UCPOL bit sets the relationship between data output change and data input sample,
and the synchronous clock (XCK).

Table 67. UCPOL Bit Settings

Transmitted Data Changed (Output of Received Data Sampled (Input on
UCPOL | TxD Pin) RxD Pin)
0 Rising XCK Edge Falling XCK Edge
1 Falling XCK Edge Rising XCK Edge
USART Baud Rate
Registers — UBRRL Bit 15 14 13 12 11 10 9 8
and UBRRH URSEL - - -] UBRR[11:§] UBRRH
UBRR[7:0] UBRRL
7 6 5 4 3 2 1 0
Read/Write RIW R R R R/W RIW RIW R/W
R/W R/W R/W RIW R/W RIW R/W R/W
Initial Value 0 0 0 0 0 0 0
0 0 0 0 0 0 0

The UBRRH Register shares the same I/O location as the UCSRC Register. See the “Accessing
UBRRH/ UCSRC Registers” on page 162 section which describes how to access this register.

e Bit 15 - URSEL: Register Select

This bit selects between accessing the UBRRH or the UCSRC Register. It is read as zero when
reading UBRRH. The URSEL must be zero when writing the UBRRH.

¢ Bit 14:12 — Reserved Bits

These bits are reserved for future use. For compatibility with future devices, these bit must be
written to zero when UBRRH is written.

AImEl@ 167
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Overview of the
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The TWI module is comprised of several submodules, as shown in Figure 84. All registers drawn
in a thick line are accessible through the AVR data bus.

Figure 84. Overview of the TWI Module
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Control Filter Control Filter
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-t L.
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[ [ A
y y

Address Match Unit Control Unit
Address Register Status Register Control Register
(TWAR) - bl (TWSR) (TWCR)

TWI Unit

State Machine and

Address Comparator Status control

These pins interface the AVR TWI with the rest of the MCU system. The output drivers contain a
slew-rate limiter in order to conform to the TWI specification. The input stages contain a spike
suppression unit removing spikes shorter than 50 ns. Note that the internal pull-ups in the AVR
pads can be enabled by setting the PORT bits corresponding to the SCL and SDA pins, as
explained in the I/O Port section. The internal pull-ups can in some systems eliminate the need
for external ones.

This unit controls the period of SCL when operating in a Master mode. The SCL period is con-
trolled by settings in the TWI Bit Rate Register (TWBR) and the Prescaler bits in the TWI Status
Register (TWSR). Slave operation does not depend on Bit Rate or Prescaler settings, but the
CPU clock frequency in the Slave must be at least 16 times higher than the SCL frequency. Note
that Slaves may prolong the SCL low period, thereby reducing the average TWI bus clock
period. The SCL frequency is generated according to the following equation:

CPU Clock frequency
16 + 2(TWBR) - 4"

« TWBR = Value of the TWI Bit Rate Register
« TWHPS = Value of the prescaler bits in the TWI Status Register

Note:  Note: Pull-up resistor values should be selected according to the SCL frequency and the capaci-
tive bus line load. See Table 120 on page 294 for value of pull-up resistor.

SCL frequency =

This unit contains the Data and Address Shift Register (TWDR), a START/STOP Controller and
Arbitration detection hardware. The TWDR contains the address or data bytes to be transmitted,

AImEl@ 178
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Table 75. Status Codes for Master Receiver Mode (Continued)

$08 A START condition has been | Load SLA+R 0 0 1 X SLA+R will be transmitted
transmitted ACK or NOT ACK will be received
$10 A repeated START condition | Load SLA+R or 0 0 1 X SLA+R will be transmitted
has been transmitted ACK or NOT ACK will be received
Load SLA+W 0 0 1 X SLA+W will be transmitted
Logic will switch to masTer Transmitter mode
$38 Arbitration lost in SLA+R or NOT | No TWDR action or 0 0 1 X Two-wire Serial Bus will be released and not addressed
ACK bit Slave mode will be entered
No TWDR action 1 0 1 X A START condition will be transmitted when the bus
becomes free
$40 SLA+R has been transmitted; No TWDR action or 0 0 1 0 Data byte will be received and NOT ACK will be
ACK has been received returned
No TWDR action 0 0 1 1 Data byte will be received and ACK will be returned
$48 SLA+R has been transmitted; No TWDR action or 1 0 1 X Repeated START will be transmitted
NOT ACK has been received No TWDR action or 0 1 1 X STOP condition will be transmitted and TWSTO Flag will
be reset
No TWDR action 1 1 1 X STOP condition followed by a START condition will be
transmitted and TWSTO Flag will be reset
$50 Data byte has been received; Read data byte or 0 0 1 0 Data byte will be received and NOT ACK will be
ACK has been returned returned
Read data byte 0 0 1 1 Data byte will be received and ACK will be returned
$58 Data byte has been received; Read data byte or 1 0 1 X Repeated START will be transmitted
NOT ACK has been returned Read data byte or 0 1 1 X STOP condition will be transmitted and TWSTO Flag will
be reset
Read data byte 1 1 1 X STOP condition followed by a START condition will be
transmitted and TWSTO Flag will be reset

Figure 89. Formats and States in the Master Receiver Mode
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Any number of data bytes
and their associated acknowledge bits

This number (contained in TWSR) corresponds
to a defined state of the Two-wire Serial Bus. The
prescaler bits are zero or masked to zero
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Combining Several
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Multi-master
Systems and
Arbitration
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In some cases, several TWI modes must be combined in order to complete the desired action.
Consider for example reading data from a serial EEPROM. Typically, such a transfer involves
the following steps:

1. The transfer must be initiated

2. The EEPROM must be instructed what location should be read
3. The reading must be performed

4. The transfer must be finished

Note that data is transmitted both from Master to Slave and vice versa. The Master must instruct
the Slave what location it wants to read, requiring the use of the MT mode. Subsequently, data
must be read from the Slave, implying the use of the MR mode. Thus, the transfer direction must
be changed. The Master must keep control of the bus during all these steps, and the steps
should be carried out as an atomical operation. If this principle is violated in a multi-master sys-
tem, another Master can alter the data pointer in the EEPROM between steps 2 and 3, and the
Master will read the wrong data location. Such a change in transfer direction is accomplished by
transmitting a REPEATED START between the transmission of the address byte and reception
of the data. After a REPEATED START, the Master keeps ownership of the bus. The following
figure shows the flow in this transfer.

Figure 94. Combining Several TWI Modes to Access a Serial EEPROM

Master Transmitter Master Receiver
— —
S SLA+W A ADDRESS A | Rs SLA+R A DATA X P
S = START Rs = REPEATED START P = STOP
Transmitted from Master to Slave Transmitted from Slave to Master

If multiple Masters are connected to the same bus, transmissions may be initiated simultane-
ously by one or more of them. The TWI standard ensures that such situations are handled in
such a way that one of the Masters will be allowed to proceed with the transfer, and that no data
will be lost in the process. An example of an arbitration situation is depicted below, where two
Masters are trying to transmit data to a Slave Receiver.

Figure 95. An Arbitration Example
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Table 85. ADC Prescaler Selections

ADPS2 ADPS1 ADPSO Division Factor
0 0 0 2
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 16
1 0 1 32
1 1 0 64
1 1 1 128
The ADC Data
Register — ADCL and
ADCH
ADLAR =0
Bit 15 14 13 12 11 10 9 8
- - - - - - ADC9 ADC8 ADCH
ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADC1 ADCO ADCL
7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
ADLAR =1
Bit 15 14 13 12 11 10 9 8
ADC9 ADC8 ADC7 ADC6 ADC5 ADC4 ADC3 ADC2 ADCH
ADC1 ADCO - - - - - - ADCL
7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

When an ADC conversion is complete, the result is found in these two registers. If differential
channels are used, the result is presented in two’s complement form.

When ADCL is read, the ADC Data Register is not updated until ADCH is read. Consequently, if
the result is left adjusted and no more than 8-bit precision is required, it is sufficient to read
ADCH. Otherwise, ADCL must be read first, then ADCH.

The ADLAR bit in ADMUX, and the MUXn bits in ADMUX affect the way the result is read from
the registers. If ADLAR is set, the result is left adjusted. If ADLAR is cleared (default), the result
is right adjusted.

« ADC9:0: ADC Conversion Result

These bits represent the result from the conversion, as detailed in “ADC Conversion Result” on
page 216.
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Figure 121. Analog Comparator
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Figure 122. General Boundary-scan Cell used for Signals for Comparator and ADC
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ATmegal6 Table 94 shows the scan order between TDI and TDO when the Boundary-scan chain is
Boundary-scan selected as data path. Bit 0 is the LSB; the first bit scanned in, and the first bit scanned out. The
Order scan order follows the pin-out order as far as possible. Therefore, the bits of Port A is scanned in

the opposite bit order of the other ports. Exceptions from the rules are the Scan chains for the
analog circuits, which constitute the most significant bits of the scan chain regardless of which
physical pin they are connected to. In Figure 116, PXn. Data corresponds to FFO, PXn. Control
corresponds to FF1, and PXn. Pullup_enable corresponds to FF2. Bit 2, 3, 4, and 5 of Port C is
not in the scan chain, since these pins constitute the TAP pins when the JTAG is enabled.

Table 94. ATmegal6 Boundary-scan Order

Bit Number Signal Name Module
140 AC_IDLE Comparator
139 ACO

138 ACME

137 ACBG

136 COMP ADC
135 PRIVATE_SIGNAL1®W

134 ACLK

133 ACTEN

132 PRIVATE_SIGNAL2®

131 ADCBGEN

130 ADCEN

129 AMPEN

128 DAC_9

127 DAC_8

126 DAC_7

125 DAC_6

124 DAC_5

123 DAC_4

122 DAC_3

121 DAC_2

120 DAC_1

119 DAC_0

118 EXTCH

117 G10

116 G20

115 GNDEN

114 HOLD

113 IREFEN

112 MUXEN_7
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Latching of Fuses

Signature Bytes

Calibration Byte

2466T-AVR-07/10

Table 106. Fuse Low Byte

Fuse Low Bit
Byte No. Description Default Value
BODLEVEL 7 Brown-out Detector trigger level | 1 (unprogrammed)
BODEN 6 Brown-out Detector enable 1 (unprogrammed, BOD disabled)
SUT1 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 0 (programmed)®
CKSELO 0 Select Clock source 1 (unprogrammed)®
Notes: 1. The default value of SUT1..0 results in maximum start-up time. SeeTable 10 on page 29 for
details.

2. The default setting of CKSEL3..0 results in internal RC Oscillator @ 1 MHz. See Table 2 on
page 25 for details.

The status of the Fuse bits is not affected by Chip Erase. Note that the Fuse bits are locked if
Lock bitl (LB1) is programmed. Program the Fuse bits before programming the Lock bits.

The Fuse values are latched when the device enters programming mode and changes of the
Fuse values will have no effect until the part leaves Programming mode. This does not apply to
the EESAVE Fuse which will take effect once it is programmed. The fuses are also latched on
Power-up in Normal mode.

All Atmel microcontrollers have a three-byte signature code which identifies the device. This
code can be read in both serial and parallel mode, also when the device is locked. The three
bytes reside in a separate address space.

For the ATmegalé6 the signature bytes are:

1. $000: $1E (indicates manufactured by Atmel)

2. $001: $94 (indicates 16 Kbytes Flash memory)

3. $002: $03 (indicates ATmegal6 device when $001 is $94)

The ATmegal6 stores four different calibration values for the internal RC Oscillator. These bytes
resides in the signature row High Byte of the addresses 0x0000, 0x0001, 0x0002, and 0x0003
for 1 MHz, 2 MHz, 4 MHz, and 8 Mhz respectively. During Reset, the 1 MHz value is automati-
cally loaded into the OSCCAL Reqgister. If other frequencies are used, the calibration value has
to be loaded manually, see “Oscillator Calibration Register - OSCCAL” on page 30 for details.
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Reading the Flash

1.
2.
3.
4.
5.
Am
1.
2.
3.

Enter JTAG instruction PROG_COMMANDS.

Enable Flash read using programming instruction 3a.
Load address using programming instructions 3b and 3c.
Read data using programming instruction 3d.

Repeat steps 3 and 4 until all data have been read.

ore efficient data transfer can be achieved using the PROG_PAGEREAD instruction:
Enter JTAG instruction PROG_COMMANDS.
Enable Flash read using programming instruction 3a.

Load the page address using programming instructions 3b and 3c. PCWORD (refer to
Table 107 on page 262) is used to address within one page and must be written as 0.

4. Enter JTAG instruction PROG_PAGEREAD.
5. Read the entire page by shifting out all instruction words in the page, starting with the
LSB of the first instruction in the page and ending with the MSB of the last instruction in
the page. Remember that the first 8 bits shifted out should be ignored.
6. Enter JTAG instruction PROG_COMMANDS.
7. Repeat steps 3 to 6 until all data have been read.
Programming the Before programming the EEPROM a Chip Erase must be performed. See “Performing Chip
EEPROM Erase” on page 288.
1. Enter JTAG instruction PROG_COMMANDS.
2. Enable EEPROM write using programming instruction 4a.
3. Load address High byte using programming instruction 4b.
4. Load address Low byte using programming instruction 4c.
5. Load data using programming instructions 4d and 4e.
6. Repeat steps 4 and 5 for all data bytes in the page.
7. Write the data using programming instruction 4f.
8. Poll for EEPROM write complete using programming instruction 4g, or wait for t, gy
(refer to Table 113 on page 272).
9. Repeat steps 3 to 8 until all data have been programmed.

Note that the PROG_PAGELOAD instruction can not be used when programming the EEPROM

Reading the EEPROM

1
2.
3.
4
5

Enter JTAG instruction PROG_COMMANDS.

Enable EEPROM read using programming instruction 5a.
Load address using programming instructions 5b and 5c.
Read data using programming instruction 5d.

Repeat steps 3 and 4 until all data have been read.

Note that the PROG_PAGEREAD instruction can not be used when reading the EEPROM
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Figure 168. Standby Supply Current vs. V¢ (2 MHz Resonator, Watchdog Timer Disabled)
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Figure 169. Standby Supply Current vs. V¢ (2 MHz Xtal, Watchdog Timer Disabled)
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SYMBOL| MIN NOM MAX | NOTE
‘H eB 4>‘ A - - 4.826
Al 0.381 - -
52.070 - 52.578 | Note 2
15.240 - 15.875
E1 13.462 - 13.970 | Note 2
B 0.356 - 0.559
Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. B1 1.041 — 1.651
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.048 - 3.556
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). c 0.203 _ 0.381
eB 15.494 - 17.526
e 2.540 TYP
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