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5.4 EEPROM Data Memory

The ATmega164P/324P/644P contains 512B/1K/2K bytes of data EEPROM memory. It is orga-
nized as a separate data space, in which single bytes can be read and written. The EEPROM
has an endurance of at least 100,000 write/erase cycles. The access between the EEPROM and
the CPU is described in the following, specifying the EEPROM Address Registers, the EEPROM
Data Register, and the EEPROM Control Register.

For a detailed description of SPI, JTAG and Parallel data downloading to the EEPROM, see
page 308, page 312, and page 297 respectively.

5.4.1 EEPROM Read/Write Access

The EEPROM Access Registers are accessible in the I/0O space. See "Register Description” on
page 23 for details.

The write access time for the EEPROM is given in Table 5-2 on page 25. A self-timing function,
however, lets the user software detect when the next byte can be written. If the user code con-
tains instructions that write the EEPROM, some precautions must be taken. In heavily filtered
power supplies, V; is likely to rise or fall slowly on power-up/down. This causes the device for
some period of time to run at a voltage lower than specified as minimum for the clock frequency
used. See Section “5.4.2” on page 21. for details on how to avoid problems in these situations.

In order to prevent unintentional EEPROM writes, a specific write procedure must be followed.
Refer to the description of the EEPROM Control Register for details on this.

When the EEPROM is read, the CPU is halted for four clock cycles before the next instruction is
executed. When the EEPROM is written, the CPU is halted for two clock cycles before the next
instruction is executed.

5.4.2 Preventing EEPROM Corruption

During periods of low V¢ the EEPROM data can be corrupted because the supply voltage is
too low for the CPU and the EEPROM to operate properly. These issues are the same as for
board level systems using EEPROM, and the same design solutions should be applied.

An EEPROM data corruption can be caused by two situations when the voltage is too low. First,
a regular write sequence to the EEPROM requires a minimum voltage to operate correctly. Sec-
ondly, the CPU itself can execute instructions incorrectly, if the supply voltage is too low.

EEPROM data corruption can easily be avoided by following this design recommendation:

Keep the AVR RESET active (low) during periods of insufficient power supply voltage. This can
be done by enabling the internal Brown-out Detector (BOD). If the detection level of the internal
BOD does not match the needed detection level, an external low V reset Protection circuit can
be used. If a reset occurs while a write operation is in progress, the write operation will be com-
pleted provided that the power supply voltage is sufficient.

ATMEL 2
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The capacitance (Ce +Ci) needed at each TOSC pin can be calculated by using:
C=2.CL-C,
where:
— Ce - is optional external capacitors as described in Figure 8-2 on page29
— Ci - is the pin capacitance in table 8-8 on page 33
— CL - is the load capacitance for a 32.768 kHz crystal specified by the crystal vendor

— CS - is the total stray capacitance for one TOSC pin.

Crystals specifying load capacitance (CL) higher than 8.0 pF, require external capacitors applied
as described in Figure 6-2 on page 31.

When this oscillator is selected, start-up times are determined by the SUT Fuses and CKSELO
as shown in Table 6-9.

Table 6-9. Start-up Times for the Low Frequency Crystal Oscillator Clock Selection

Start-up Time from Additional Delay
Power-down and from Reset

Power Conditions Power-save (Ve =5.0V) CKSELO | SUT1..0
BOD enabled 1K CK 14CK™ 0 00
Fast rising power 1K CK 14CK + 4.1 ms!) 0 01
Slowly rising power 1K CK 14CK + 65 ms'") 0 10

Reserved 0 11
BOD enabled 32K CK 14CK 1 00
Fast rising power 32K CK 14CK + 4.1 ms 1 01
Slowly rising power 32K CK 14CK + 65 ms 1 10

Reserved 1 11

Note: 1. These options should only be used if frequency stability at start-up is not important for the
application.

ATMEL 55
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8.7 Internal Voltage Reference

ATmega164P/324P/644P features an internal bandgap reference. This reference is used for
Brown-out Detection, and it can be used as an input to the Analog Comparator or the ADC.

8.7.1 Voltage Reference Enable Signals and Start-up Time

8011N-AVR-01/10

The voltage reference has a start-up time that may influence the way it should be used. The
start-up time is given in "System and Reset Characteristics” on page 331. To save power, the
reference is not always turned on. The reference is on during the following situations:

1. When the BOD is enabled (by programming the BODLEVEL [2:0] Fuse).

2. When the bandgap reference is connected to the Analog Comparator (by setting the
ACBG bit in ACSR).

3. When the ADC is enabled.

Thus, when the BOD is not enabled, after setting the ACBG bit or enabling the ADC, the user
must always allow the reference to start up before the output from the Analog Comparator or
ADC is used. To reduce power consumption in Power-down mode, the user can avoid the three
conditions above to ensure that the reference is turned off before entering Power-down mode.

ATMEL s
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Figure 12-5. CTC Mode, Timing Diagram
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An interrupt can be generated each time the counter value reaches the TOP value by using the
OCFOA Flag. If the interrupt is enabled, the interrupt handler routine can be used for updating
the TOP value. However, changing TOP to a value close to BOTTOM when the counter is run-
ning with none or a low prescaler value must be done with care since the CTC mode does not
have the double buffering feature. If the new value written to OCROA is lower than the current
value of TCNTO, the counter will miss the Compare Match. The counter will then have to count to
its maximum value (OxFF) and wrap around starting at 0x00 before the Compare Match can
occur.

For generating a waveform output in CTC mode, the OCOA output can be set to toggle its logical
level on each Compare Match by setting the Compare Output mode bits to toggle mode
(COMOA1:0 = 1). The OCOA value will not be visible on the port pin unless the data direction for
the pin is set to output. The waveform generated will have a maximum frequency of fog, =
fak vo/2 when OCROA is set to zero (0x00). The waveform frequency is defined by the following
equation:

(o foi_1o
OCnx ™ 2N - (1 + OCRnX)

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

As for the Normal mode of operation, the TOVO Flag is set in the same timer clock cycle that the
counter counts from MAX to 0x00.

12.7.3 Fast PWM Mode

The fast Pulse Width Modulation or fast PWM mode (WGMO02:0 = 3 or 7) provides a high fre-
quency PWM waveform generation option. The fast PWM differs from the other PWM option by
its single-slope operation. The counter counts from BOTTOM to TOP then restarts from BOT-
TOM. TOP is defined as OxFF when WGM2:0 = 3, and OCROA when WGM2:0 = 7. In non-
inverting Compare Output mode, the Output Compare (OCOx) is cleared on the Compare Match
between TCNTO and OCROx, and set at BOTTOM. In inverting Compare Output mode, the out-
put is set on Compare Match and cleared at BOTTOM. Due to the single-slope operation, the
operating frequency of the fast PWM mode can be twice as high as the phase correct PWM
mode that use dual-slope operation. This high frequency makes the fast PWM mode well suited
for power regulation, rectification, and DAC applications. High frequency allows physically small
sized external components (coils, capacitors), and therefore reduces total system cost.

In fast PWM mode, the counter is incremented until the counter value matches the TOP value.
The counter is then cleared at the following timer clock cycle. The timing diagram for the fast

ATMEL o
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When the ICRn is used as TOP value (see description of the WGMn3:0 bits located in the
TCCRnA and the TCCRnB Register), the ICPn is disconnected and consequently the Input Cap-
ture function is disabled.

¢ Bit 5 — Reserved Bit
This bit is reserved for future use. For ensuring compatibility with future devices, this bit must be
written to zero when TCCRnB is written.

¢ Bit 4:3 - WGMn3:2: Waveform Generation Mode
See TCCRnNA Register description.

* Bit 2:0 - CSn2:0: Clock Select
The three Clock Select bits select the clock source to be used by the Timer/Counter, see Figure
13-10 and Figure 13-11.

Table 13-6. Clock Select Bit Description

CSn2 CSn1 CSn0 Description
0 0 0 No clock source (Timer/Counter stopped).
0 0 1 clk,o/1 (No prescaling)
0 1 0 clk,o/8 (From prescaler)
0 1 1 clk,o/64 (From prescaler)
1 0 0 clk,o/256 (From prescaler)
1 0 1 clk;,o/1024 (From prescaler)
1 1 0 External clock source on Tn pin. Clock on falling edge.
1 1 1 External clock source on Tn pin. Clock on rising edge.

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

13.11.3 TCCR1C - Timer/Counter1 Control Register C

Bit 7 6 5 4 3 2 1 0
(0x82) | Focia | FociB | - - ] Tceric
Read/Write R/W R/W R R R R R R
Initial Value 0 0 0 0 0 0 0 0

e Bit 7 - FOCnA: Force Output Compare for Channel A

e Bit 6 — FOCnB: Force Output Compare for Channel B

The FOCnA/FOCnB bits are only active when the WGMn3:0 bits specifies a non-PWM mode.
However, for ensuring compatibility with future devices, these bits must be set to zero when
TCCRnNA is written when operating in a PWM mode. When writing a logical one to the
FOCNnA/FOCnB bit, an immediate compare match is forced on the Waveform Generation unit.
The OCnA/OCnB output is changed according to its COMnx1:0 bits setting. Note that the
FOCnA/FOCnNB bits are implemented as strobes. Therefore it is the value present in the
COMnNx1:0 bits that determine the effect of the forced compare.
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Figure 16-4. Frame Formats

| FRAME |

[ |
(IDLE) \ St/ 0 X 1 X 2 X 3 X 4 X[s] X 6] X Y X [8]X[P] /Spl [Sp2]\ (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 (RxDn or TxDn). 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 FE (Frame Error) will therefore only be detected in the cases where the
first stop bit is zero.

16.5.1 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::
Peven=0,_1®...©d;®d, ®d; ®d; ®0
Podg = 0,_1®...®d;@d, ®d; ©d; &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.
16.6 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 the USART interrupts should be disabled.

Before doing a re-initialization with changed baud rate or frame format, be sure that there are no
ongoing transmissions during the period the registers are changed. The TXCn Flag can be used
to check that the Transmitter has completed all transfers, and the RXC Flag can be used to

AIMEL 176
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Assembly Code Example("®

USART Transmit:
; Wait for empty transmit buffer
sbis UCSRnA, UDREn
rjmp USART_Transmit
; Copy 9th bit from rl7 to TXBS8
cbi UCSRnB, TXBS8
sbrec rl17,0
sbi UCSRnB, TXBS8
; Put LSB data (rl6) into buffer, sends the data
out UDRn,rl6

ret

C Code Example("®

void USART Transmit( unsigned int data )
{
/* Wait for empty transmit buffer */
while ( ! ( UCSRnA & (1<<UDREn))) )

/* Copy 9th bit to TXB8 */

UCSRnB &= ~ (1<<TXBS8) ;
if ( data & 0x0100 )
UCSRnB |= (1<<TXB8);

/* Put data into buffer, sends the data */
UDRn = data;
}

Notes: 1. These transmit functions are written to be general functions. They can be optimized if the con-
tents of the UCSRnNB is static. For example, only the TXB8 bit of the UCSRnB Register is used
after initialization.

2. See “About Code Examples” on page 8.

The ninth bit can be used for indicating an address frame when using multi processor communi-

cation mode or for other protocol handling as for example synchronization.

16.7.3 Transmitter Flags and Interrupts

The USART Transmitter has two flags that indicate its state: USART Data Register Empty
(UDREN) and Transmit Complete (TXCn). Both flags can be used for generating interrupts.

The Data Register Empty (UDREN) Flag indicates whether the transmit buffer is ready to receive
new data. This bit is set when the transmit buffer is empty, and cleared when the transmit buffer
contains data to be transmitted that has not yet been moved into the Shift Register. For compat-
ibility with future devices, always write this bit to zero when writing the UCSRnA Register.

When the Data Register Empty Interrupt Enable (UDRIEn) bit in UCSRnNB is written to one, the
USART Data Register Empty Interrupt will be executed as long as UDRERn is set (provided that
global interrupts are enabled). UDRERn is cleared by writing UDRn. When interrupt-driven data

AIMEL 179
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18.5 Overview of the TWI Module

18.5.1

18.5.2

8011N-AVR-01/10

The TWI module is comprised of several submodules, as shown in Figure 18-9. All registers
drawn in a thick line are accessible through the AVR data bus.

Figure 18-9. Overview of the TWI Module
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State Machine and
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SCL and SDA Pins

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 1/0 Port section. The internal pull-ups can in some systems eliminate the need
for external ones.

Bit Rate Generator Unit

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:
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Example:

ADMUX = OxED (ADCS3 - ADC2, 10x gain, 2.56V reference, left adjusted result)
Voltage on ADC3 is 300 mV, voltage on ADC2 is 500 mV.

ADCR =512 * 10 * (300 - 500) / 2560 = -400 = 0x270

ADCL will thus read 0x00, and ADCH will read 0x9C. Writing zero to ADLAR right adjusts the
result: ADCL = 0x70, ADCH = 0x02.

20.9 Register Description

20.91 ADMUX - ADC Multiplexer Selection Register

Bit 7 6 5 4 3 2 1 0
(0x7C) I REFS1 REFS0 ADLAR MUX4 MUX3 MUX2 MUX1 MUX0 I ADMUX
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

* Bit 7:6 — REFS1:0: Reference Selection Bits

These bits select the voltage reference for the ADC, as shown in Table 20-3. If these bits are
changed during a conversion, the change will not go in effect until this conversion is complete
(ADIF in ADCSRA is set). The internal voltage reference options may not be used if an external
reference voltage is being applied to the AREF pin.

Table 20-3. Voltage Reference Selections for ADC

REFS1 REFS0 | Voltage Reference Selection
0 0 AREEF, Internal Vref turned off
0 1 AVCC with external capacitor at AREF pin
1 0 Internal 1.1V Voltage Reference with external capacitor at AREF pin
1 1 Internal 2.56V Voltage Reference with external capacitor at AREF pin

Note:  If 10x og 200x gain is selected, only 2.56V should be used as Internal Voltage Reference.

e Bit5—- ADLAR: ADC Left Adjust Result

The ADLAR bit affects the presentation of the ADC conversion result in the ADC Data Register.
Write one to ADLAR to left adjust the result. Otherwise, the result is right adjusted. Changing the
ADLAR bit will affect the ADC Data Register immediately, regardless of any ongoing conver-
sions. For a complete description of this bit, see ’ADCL and ADCH — The ADC Data Register” on
page 258.

¢ Bits 4:0 — MUX4:0: Analog Channel and Gain Selection Bits

The value of these bits selects which combination of analog inputs are connected to the ADC.
These bits also select the gain for the differential channels. See Table 20-4 on page 256 for
details. If these bits are changed during a conversion, the change will not go in effect until this
conversion is complete (ADIF in ADCSRA is set).

AImEl@ 255
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21.9 Bibliography

The JTAG programming capability supports:
* Flash programming and verifying.

* EEPROM programming and verifying.

* Fuse programming and verifying.

* Lock bit programming and verifying.

The Lock bit security is exactly as in parallel programming mode. If the Lock bits LB1 or LB2 are
programmed, the OCDEN Fuse cannot be programmed unless first doing a chip erase. This is a
security feature that ensures no back-door exists for reading out the content of a secured
device.

The details on programming through the JTAG interface and programming specific JTAG
instructions are given in the section "Programming via the JTAG Interface” on page 312.

For more information about general Boundary-scan, the following literature can be consulted:

* |[EEE: IEEE Std. 1149.1-1990. IEEE Standard Test Access Port and Boundary-scan
Architecture, IEEE, 1993.

¢ Colin Maunder: The Board Designers Guide to Testable Logic Circuits, Addison-Wesley, 1992.

21.10 Register Description

21.10.1 OCDR - On-chip Debug Register

8011N-AVR-01/10

Bit 7 6 5 4 3 2 1 0
0x31 (0x51) | wsB/iDRD LsB | OCDR
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 OCDR Register provides a communication channel from the running program in the micro-
controller to the debugger. The CPU can transfer a byte to the debugger by writing to this
location. At the same time, an internal flag; I/O Debug Register Dirty — IDRD — is set to indicate
to the debugger that the register has been written. When the CPU reads the OCDR Register the
7 LSB will be from the OCDR Register, while the MSB is the IDRD bit. The debugger clears the
IDRD bit when it has read the information.

In some AVR devices, this register is shared with a standard 1/O location. In this case, the OCDR
Register can only be accessed if the OCDEN Fuse is programmed, and the debugger enables
access to the OCDR Register. In all other cases, the standard 1/O location is accessed.

Refer to the debugger documentation for further information on how to use this register.
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Table 23-2.

Boot Lock Bit0 Protection Modes (Application Section)(")

BLBO Mode

BLB02 BLBO1

Protection

1

1 1

No restrictions for SPM or (E)LPM accessing the Application
section.

2

1 0

SPM is not allowed to write to the Application section.

SPM is not allowed to write to the Application section, and
(E)LPM executing from the Boot Loader section is not allowed to
read from the Application section. If Interrupt Vectors are placed
in the Boot Loader section, interrupts are disabled while
executing from the Application section.

(E)LPM executing from the Boot Loader section is not allowed to
read from the Application section. If Interrupt Vectors are placed
in the Boot Loader section, interrupts are disabled while
executing from the Application section.

Note: 1. “1” means unprogrammed, “0” means programmed

Table 23-3.

Boot Lock Bit1 Protection Modes (Boot Loader Section)(")

BLB1 Mode

BLB12 | BLB11

Protection

1

1 1

No restrictions for SPM or (E)LPM accessing the Boot Loader
section.

2

1 0

SPM is not allowed to write to the Boot Loader section.

SPM is not allowed to write to the Boot Loader section, and
(E)LPM executing from the Application section is not allowed to
read from the Boot Loader section. If Interrupt Vectors are
placed in the Application section, interrupts are disabled while
executing from the Boot Loader section.

(E)LPM executing from the Application section is not allowed to
read from the Boot Loader section. If Interrupt Vectors are
placed in the Application section, interrupts are disabled while
executing from the Boot Loader section.

Note: 1. “1” means unprogrammed, “0” means programmed

23.6 Entering the Boot Loader Program

Entering the Boot Loader takes place by a jump or call from the application program. This may
be initiated by a trigger such as a command received via USART, or SPI interface. Alternatively,
the Boot Reset Fuse can be programmed so that the Reset Vector is pointing to the Boot Flash
start address after a reset. In this case, the Boot Loader is started after a reset. After the applica-
tion code is loaded, the program can start executing the application code. Note that the fuses
cannot be changed by the MCU itself. This means that once the Boot Reset Fuse is pro-
grammed, the Reset Vector will always point to the Boot Loader Reset and the fuse can only be
changed through the serial or parallel programming interface.

Table 23-4. Boot Reset Fuse("
BOOTRST Reset Address
1 Reset Vector = Application Reset (address 0x0000)
0 Reset Vector = Boot Loader Reset (see Table 23-7 on page 288)

Note: 1. “1” means unprogrammed, “0” means programmed
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is recommended that the user checks the status bit (EEPE) in the EECR Register and verifies
that the bit is cleared before writing to the SPMCSR Register.

23.8.9 Reading the Fuse and Lock Bits from Software

It is possible to read both the Fuse and Lock bits from software. To read the Lock bits, load the
Z-pointer with 0x0001 and set the BLBSET and SPMEN bits in SPMCSR. When an (E)LPM
instruction is executed within three CPU cycles after the BLBSET and SPMEN bits are set in
SPMCSR, 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 (E)LPM instruction
is executed within three CPU cycles or no SPM instruction is executed within four CPU cycles.
When BLBSET and SPMEN are cleared, (E)LPM will work as described in the Instruction set

Manual.
Bit 7 6 5 4 3 2 1 0
Rd | - | - | BLB12 | BLB11 | BLB02 | BLBO1 | LB2 | LB1 |

The algorithm for reading the Fuse Low byte is similar to the one described above for reading
the Lock bits. To read the Fuse Low byte, load the Z-pointer with 0x0000 and set the BLBSET
and SPMEN bits in SPMCSR. When an (E)LPM instruction is executed within three cycles after
the BLBSET and SPMEN bits are set in the SPMCSR, the value of the Fuse Low byte (FLB) will
be loaded in the destination register as shown below. Refer to Table 24-5 on page 295 for a
detailed description and mapping of the Fuse Low byte.

Bit 7 6 5 4 3 2 1 0
Rd | FLB7 | FLB6 | FLB5 | FLB4 | FLB3 | FLB2 | FLB1 | FLBO |

Similarly, when reading the Fuse High byte, load 0x0003 in the Z-pointer. When an (E)LPM
instruction is executed within three cycles after the BLBSET and SPMEN bits are set in the
SPMCSR, the value of the Fuse High byte (FHB) will be loaded in the destination register as
shown below. Refer to Table 24-4 on page 295 for detailed description and mapping of the Fuse

High byte.
Bit 7 6 5 4 3 2 1 0
Rd | FHB7 | FHB6 | FHBS | FHB4 | FHB3 | FHB2 | FHB1 | FHBO |

When reading the Extended Fuse byte, load 0x0002 in the Z-pointer. When an (E)LPM instruc-
tion is executed within three cycles after the BLBSET and SPMEN bits are set in the SPMCSR,
the value of the Extended Fuse byte (EFB) will be loaded in the destination register as shown
below. Refer to Table 24-3 on page 294 for detailed description and mapping of the Extended

Fuse byte.
Bit 7 6 5 4 3 2 1 0
Rd | - | - | - | - | - | EFB2 | EFB1 | EFBO |

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

23.8.10 Reading the Signature Row from Software

To read the Signature Row from software, load the Z-pointer with the signature byte address
given in Table 23-5 on page 285 and set the SIGRD and SPMEN bits in SPMCSR. When an
LPM instruction is executed within three CPU cycles after the SIGRD and SPMEN bits are set in
SPMCSR, the signature byte value will be loaded in the destination register. The SIGRD and
SPMEN bits will auto-clear upon completion of reading the Signature Row Lock bits or if no LPM

AImEl@ 284
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23.8.16 ATmega644P Boot Loader Parameters

In Table 23-13 through Table 23-15, the parameters used in the description of the Self-Programming are given.

Table 23-13. Boot Size Configuration"

Boot Reset
Address
Application Boot Loader End Application (Start Boot
BOOTSZ1 | BOOTSZ0 | Boot Size Pages | Flash Section Flash Section Section Loader Section)
1 1 512 words 4 0x0000 - Ox7DFF | 0x7E00 - Ox7FFF | Ox7DFF 0x7E00
1 0 1024 words 8 0x0000 - Ox7BFF | 0x7C00 - Ox7FFF | Ox7BFF 0x7C00
0 1 2048 words 16 0x0000 - Ox77FF | 0x7800 - Ox7FFF | Ox77FF 0x7800
0 0 4096 words 32 0x0000 - Ox6FFF | 0x7000 - Ox7FFF | Ox6FFF 0x7000
Note: 1. The different BOOTSZ Fuse configurations are shown in Figure 23-2 on page 279.
Table 23-14. Read-While-Write Limit™")
Section Pages Address
Read-While-Write section (RWW) 224 0x0000 - Ox6FFF
No Read-While-Write section (NRWW) 32 0xFO00 - Ox7FFF
Note: 1. For details about these two section, see "NRWW — No Read-While-Write Section” on page 277 and "TRWW — Read-While-
Write Section” on page 277.
Table 23-15.
Explanation of different variables used in Figure 23-3 on page 281 and the mapping to the Z-pointer
Correspondi
ng
Variable Z-value Description(")
PCMSB 14 Most significant bit in the Program Counter. (The Program Counter is 15 bits
PC[14:0])
PAGEMSB 7 Most s!gnlflcant bit Whlch is used 'to addre.ss the words within one page (128
words in a page requires seven bits PC [6:0]).
ZPCMSB 715 Bit in Z-pointer that is mapped to PCMSB. Because Z0 is not used, the ZPCMSB
equals PCMSB + 1.
Bit in Z-pointer that is mapped to PCMSB. Because Z0 is not used, the
ZPAGEMSB 28 ZPAGEMSB equals PAGEMSB + 1.
PCPAGE PC[14:7] 21527 Program Counter page address: Page select, for Page Erase and Page Write
PCWORD PCI6:0] 77-71 Program_ Counter wo_rd addres:fs: Word select, for filling temporary buffer (must be
zero during Page Write operation)
Note: 1. ZO0: should be zero for all SPM commands, byte select for the (E)LPM instruction.

See "Addressing the Flash During Self-Programming” on page 281 for details about the use of Z-pointer during Self-
Programming.
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24.91 Serial Programming Characteristics

For characteristics of the Serial Programming module see “SPI Timing Characteristics” on page
332.

Figure 24-12. Serial Programming Waveforms
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24.10 Programming via the JTAG Interface

Programming through the JTAG interface requires control of the four JTAG specific pins: TCK,
TMS, TDI, and TDO. Control of the reset and clock pins is not required.

To be able to use the JTAG interface, the JTAGEN Fuse must be programmed. The device is
default shipped with the fuse programmed. In addition, the JTD bit in MCUCR must be cleared.
Alternatively, if the JTD bit is set, the external reset can be forced low. Then, the JTD bit will be
cleared after two chip clocks, and the JTAG pins are available for programming. This provides a
means of using the JTAG pins as normal port pins in Running mode while still allowing In-Sys-
tem Programming via the JTAG interface. Note that this technique can not be used when using
the JTAG pins for Boundary-scan or On-chip Debug. In these cases the JTAG pins must be ded-
icated for this purpose.

During programming the clock frequency of the TCK Input must be less than the maximum fre-
quency of the chip. The System Clock Prescaler can not be used to divide the TCK Clock Input
into a sufficiently low frequency.

As a definition in this datasheet, the LSB is shifted in and out first of all Shift Registers.
24.10.1 Programming Specific JTAG Instructions

The Instruction Register is 4-bit wide, supporting up to 16 instructions. The JTAG instructions
useful for programming are listed below.

The OPCODE for each instruction is shown behind the instruction name in hex format. The text
describes which Data Register is selected as path between TDI and TDO for each instruction.

The Run-Test/Idle state of the TAP controller is used to generate internal clocks. It can also be
used as an idle state between JTAG sequences. The state machine sequence for changing the
instruction word is shown in Figure 24-13 on page 313.

AImEl@ 312
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Table 24-18. JTAG Programming Instruction

Set a=address high bits, b = address low bits, ¢ = address extended bits, H = 0 - Low byte, 1 - High Byte, o = data out,

i = data in, x = don’t care

Instruction TDI Sequence TDO Sequence Notes
0100011_10000000 XXXXXXX_XXXXXXXX

1a. Chio Erase 0110001_10000000 XXXXXXX_XXXXXXXX

' P 0110011_10000000 XXXXXXX_XXXXXXXX

0110011_10000000 XXXXXXX_ XXXXXXXX

1b. Poll for Chip Erase Complete 0110011_10000000 XXXXXOX_XXXXXXXX @)

2a. Enter Flash Write 0100011_00010000 XXXXXXX_XXXXXXXX

2b. Load Address Extended High Byte 0001011_ccccccecce XXXXXXX_XXXXXXXX (10)

2c. Load Address High Byte 0000111_aaaaaaaa XXXXXXX_XXXXXXXX

2d. Load Address Low Byte 0000011_bbbbbbbb XXXXXXX_XXXXXXXX

2e. Load Data Low Byte 0010011 _iiiiiiii XXXXXXX_XXXXXXXX

2f. Load Data High Byte 0010111 _iiiiiiii XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX

2g. Latch Data 1110111_00000000 XXXXXXX_XXXXXXXX (1)
0110111_00000000 XXXXXXX_ XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX
0110101_00000000

2h. Write Flash Page - HOOOOOX 000000 (1)
0110111_00000000 XXXXXXX_XXXXXXXX
0110111_00000000 XXXXXXX_XXXXXXXX

2i. Poll for Page Write Complete 0110111_00000000 XXXXXOX_XXXXXXXX (2)

3a. Enter Flash Read 0100011_00000010 XXXXXXX_XXXXXXXX

3b. Load Address Extended High Byte 0001011_ccceccce XXXXXXX_XXXXXXXX (10)

3c. Load Address High Byte 0000111_aaaaaaaa XXXXXXX_XXXXXXXX

3d. Load Address Low Byte 0000011_bbbbbbbb XXXXXXX_XXXXXXXX
0110010_00000000 XXXXXXX_XXXXXXXX

3e. Read Data Low and High Byte 0110110_00000000 XXXXXXX_00000000 Low byte
0110111_00000000 XXXXXXX_00000000 High byte

4a. Enter EEPROM Write

0100011_00010001

XXXXXXX _XXXXXXXX

4b. Load Address High Byte

0000111_aaaaaaaa

XXXXXXX_XXXXXXXX

(10)

4c. Load Address Low Byte

000001 1_bbbbbbbb

XXXXXXX _XXXXXXXX

4d. Load Data Byte

XXXXXXX _XXXXXXXX

4e. Latch Data

0110111_00000000
1110111_00000000
0110111_00000000

XXXXXXX _XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX

1

4f. Write EEPROM Page

0110011_00000000
0110001_00000000
0110011_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX

(1)

4q. Poll for Page Write Complete

0110011_00000000

XXXXXOX_XXXXXXXX

8011N-AVR-01/10
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Load data low byte using programming instructions 6e. A “0” will program the fuse, a “1”
will unprogram the fuse.

Write Fuse low byte using programming instruction 6f.

Poll for Fuse write complete using programming instruction 6g, or wait for ty, gy (refer to
Table 24-14 on page 306).

24.10.21 Programming the Lock Bits

Enter JTAG instruction PROG_COMMANDS.
Enable Lock bit write using programming instruction 7a.

Load data using programming instructions 7b. A bit value of “0” will program the corre-
sponding lock bit, a “1” will leave the lock bit unchanged.

Write Lock bits using programming instruction 7c.

Poll for Lock bit write complete using programming instruction 7d, or wait for t,y, gy (refer
to Table 24-14 on page 306).

24.10.22 Reading the Fuses and Lock Bits

Enter JTAG instruction PROG_COMMANDS.
Enable Fuse/Lock bit read using programming instruction 8a.

To read all Fuses and Lock bits, use programming instruction 8e.
To only read Fuse High byte, use programming instruction 8b.
To only read Fuse Low byte, use programming instruction 8c.

To only read Lock bits, use programming instruction 8d.

24.10.23 Reading the Signature Bytes

ok w0bh =

Enter JTAG instruction PROG_COMMANDS.

Enable Signature byte read using programming instruction 9a.
Load address 0x00 using programming instruction 9b.

Read first signature byte using programming instruction 9c.

Repeat steps 3 and 4 with address 0x01 and address 0x02 to read the second and third
signature bytes, respectively.

24.10.24 Reading the Calibration Byte

PoODbd -

8011N-AVR-01/10

Enter JTAG instruction PROG_COMMANDS.

Enable Calibration byte read using programming instruction 10a.
Load address 0x00 using programming instruction 10b.

Read the calibration byte using programming instruction 10c.
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Example

Table 26-2.  Additional Current Consumption (percentage) in Active and Idle mode
Additional Current consumption Additional Current consumption
compared to Active with external | compared to Idle with external
clock (see Figure 26-1 on page clock (see Figure 26-6 on page

PRR bit 338 and Figure 26-2 on page 339) | 341 and Figure 26-7 on page 341)
PRUSART1 1.8% 6.9%

PRUSARTO 2.4% 9.1%

PRTWI 5.4% 21.2%

PRTIM2 4.6% 17.4%

PRTIM1 2.7% 10.5%

PRTIMO 1.6% 6.0%

PRADC 4.5% 16.8%

PRSPI 3.3% 12.9%

It is possible to calculate the typical current consumption based on the numbers from Table 26-2
on page 344 for other V¢ and frequency settings than listed in Table 26-1 on page 343.

Calculate the expected current consumption in idle mode with TIMER1, ADC, and SPI enabled
at Vo = 2.0V and F = 1MHz. From Table 26-2 on page 344, third column, we see that we need
to add 10.5% for the TIMER1, 16.8 % for the ADC, and 12.9 % for the SPI module. Reading
from Figure 26-6 on page 341, we find that the idle current consumption is ~0.115 mA at V¢ =
2.0V and F = 1MHz. The total current consumption in idle mode with TIMER1, ADC, and SPI
enabled, gives:

26.1.4 Power-down Supply Current

8011N-AVR-01/10

IcCtotal # 0.115 mA - (1 + 0.105 + 0.168 + 0.129) ~ 0.161 mA

Figure 26-11. Power-down Supply Current vs. V. (Watchdog Timer Disabled).
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Figure 26-113.Reset Pull-up Resistor Current vs. Reset Pin Voltage (V¢ = 2.7V).
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Figure 26-114.Reset Pull-up Resistor Current vs. Reset Pin Voltage (V¢ = 5V).
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26.3.8 Pin Driver Strength

Figure 26-115.1/0 Pin Sink Current vs. Output Voltage (V¢ = 3V).
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Figure 26-116.1/0 Pin Sink Current vs. Output Voltage (V¢ = 5V).
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