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AVR Status Register

The Status Register contains information about the result of the most recently executed arithme-
tic instruction. This information can be used for altering program flow in order to perform
conditional operations. Note that the Status Register is updated after all ALU operations, as
specified in the Instruction Set Reference. This will in many cases remove the need for using the
dedicated compare instructions, resulting in faster and more compact code.

The Status Register is not automatically stored when entering an interrupt routine and restored
when returning from an interrupt. This must be handled by software.

SREG - AVR Status Register

The AVR Status Register — SREG - is defined as:

Bit 7 6 5 4 3 2 1 0

0x3F (0x5F) | I | T | H | s | v N z ¢ | sReG
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

e Bit 7 — I: Global Interrupt Enable

The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual inter-
rupt enable control is then performed in separate control registers. If the Global Interrupt Enable
Register is cleared, none of the interrupts are enabled independent of the individual interrupt
enable settings. The I-bit is cleared by hardware after an interrupt has occurred, and is set by
the RETI instruction to enable subsequent interrupts. The I-bit can also be set and cleared by
the application with the SEI and CLI instructions, as described in the instruction set reference.

e Bit 6 — T: Bit Copy Storage

The Bit Copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as source or desti-
nation for the operated bit. A bit from a register in the Register File can be copied into T by the
BST instruction, and a bit in T can be copied into a bit in a register in the Register File by the
BLD instruction.

e Bit 5 — H: Half Carry Flag
The Half Carry Flag H indicates a Half Carry in some arithmetic operations. Half Carry Is useful
in BCD arithmetic. See the “Instruction Set Description” for detailed information.

* Bit4-S:SignBit,S=N®V
The S-bit is always an exclusive or between the Negative Flag N and the Two’s Complement
Overflow Flag V. See the “Instruction Set Description” for detailed information.

* Bit 3 - V: Two’s Complement Overflow Flag
The Two’s Complement Overflow Flag V supports two’s complement arithmetics. See the
“Instruction Set Description” for detailed information.

¢ Bit 2 — N: Negative Flag
The Negative Flag N indicates a negative result in an arithmetic or logic operation. See the
“Instruction Set Description” for detailed information.

e Bit1-2Z: Zero Flag
The Zero Flag Z indicates a zero result in an arithmetic or logic operation. See the “Instruction
Set Description” for detailed information.
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Note that this oscillator is used to time EEPROM and Flash write accesses, and these write
times will be affected accordingly. If the EEPROM or Flash are written, do not calibrate to more
than 8.8MHz. Otherwise, the EEPROM or Flash write may fail.

The CAL7 bit determines the range of operation for the oscillator. Setting this bit to 0 gives the
lowest frequency range, setting this bit to 1 gives the highest frequency range. The two fre-
quency ranges are overlapping, in other words a setting of OSCCAL = 0x7F gives a higher
frequency than OSCCAL = 0x80.

The CALSG..0 bits are used to tune the frequency within the selected range. A setting of 0x00
gives the lowest frequency in that range, and a setting of 0x7F gives the highest frequency in the
range.

8.10.2 CLKPR - Clock Prescale Register

Bit 7 6 5 4 3 2 1 0

(0x61) ] cLkpce | - - - CLKPS3 | CLKPS2 | CLKPS1 | CLKPSO | CLKPR
Read/Write R/W R R R R/W R/W R/W R/W

Initial Value 0 0 0 0 See Bit Description

e Bit 7 - CLKPCE: Clock Prescaler Change Enable

The CLKPCE bit must be written to logic one to enable change of the CLKPS bits. The CLKPCE
bit is only updated when the other bits in CLKPR are simultaneously written to zero. CLKPCE is
cleared by hardware four cycles after it is written or when CLKPS bits are written. Rewriting the
CLKPCE bit within this time-out period does neither extend the time-out period, nor clear the
CLKPCE bit.

¢ Bits 3:0 — CLKPS3:0: Clock Prescaler Select Bits 3 -0

These bits define the division factor between the selected clock source and the internal system
clock. These bits can be written run-time to vary the clock frequency to suit the application
requirements. As the divider divides the master clock input to the MCU, the speed of all synchro-
nous peripherals is reduced when a division factor is used. The division factors are given in
Table 8-11.

To avoid unintentional changes of clock frequency, a special write procedure must be followed
to change the CLKPS bits:

1. Write the Clock Prescaler Change Enable (CLKPCE) bit to one and all other bits in
CLKPR to zero.

2. Within four cycles, write the desired value to CLKPS while writing a zero to CLKPCE.

Interrupts must be disabled when changing prescaler setting to make sure the write procedure is
not interrupted.

The CKDIV8 Fuse determines the initial value of the CLKPS bits. If CKDIV8 is unprogrammed,
the CLKPS bits will be reset to “0000”. If CKDIV8 is programmed, CLKPS bits are reset to
“0011”, giving a division factor of 8 at start up. This feature should be used if the selected clock
source has a higher frequency than the maximum frequency of the device at the present operat-
ing conditions. Note that any value can be written to the CLKPS bits regardless of the CKDIV8
Fuse setting. The Application software must ensure that a sufficient division factor is chosen if
the selected clock source has a higher frequency than the maximum frequency of the device at
the present operating conditions. The device is shipped with the CKDIV8 Fuse programmed.
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ing inputs should be avoided to reduce current consumption in all other modes where the digital
inputs are enabled (Reset, Active mode and Idle mode).

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

13.3 Alternate Port Functions

Most port pins have alternate functions in addition to being general digital I/Os. Figure 13-5
shows how the port pin control signals from the simplified Figure 13-2 can be overridden by
alternate functions. The overriding signals may not be present in all port pins, but the figure
serves as a generic description applicable to all port pins in the AVR microcontroller family.

2552K-AVR-04/11

Figure 13-5. Alternate Port Functions"
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SLEEP, and PUD are common to all ports. All other signals are unique for each pin.
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* XCK/AINO/PCINT2 - Port E, Bit 2

XCK, USARTO External Clock. The Data Direction Register (DDE2) controls whether the clock is
output (DDE2 set) or input (DDE2 cleared). The XCK pin is active only when the USARTO oper-
ates in synchronous mode.

AINO — Analog Comparator Positive input. This pin is directly connected to the positive input of
the Analog Comparator.

PCINTZ2, Pin Change Interrupt Source 2: The PE2 pin can serve as an external interrupt source.
e TXD/PCINT1 - Port E, Bit 1

TXDO, UARTO Transmit pin.

PCINT1, Pin Change Interrupt Source 1: The PE1 pin can serve as an external interrupt source.
e RXD/PCINTO - Port E, Bit 0

RXD, USARTO Receive pin. Receive Data (Data input pin for the USARTO0). When the USARTO

Receiver is enabled this pin is configured as an input regardless of the value of DDEQ. When the
USARTO forces this pin to be an input, a logical one in PORTEO will turn on the internal pull-up.

PCINTO, Pin Change Interrupt Source 0: The PEO pin can serve as an external interrupt source.

Table 13-16 and Table 13-17 relates the alternate functions of Port E to the overriding signals
shown in Figure 13-5 on page 65.

Table 13-16. Overriding Signals for Alternate Functions PE7:PE4

Signal PE6/DO/ PE5/DI/SDA/ PE4/USCK/SCL/

Name PE7/PCINT? PCINT6 PCINT5 PCINT4

PUOE 0 0 USI_TWO-WIRE | USI_TWO-WIRE

PUOV 0 0 0 0

DDOE CKOUT™ 0 USI_ TWO-WIRE | USI_ TWO-WIRE

DDOV 1 0 (SDA + (USI_SCL_HOL
PORTES) « D + PORTE4) »
DDE5 DDE4

PVOE CKouT™ USI_THREE- USI_TWO-WIRE | USI_TWO-WIRE

WIRE « DDE5 « DDE4

PVOV clkyo DO 0 0

PTOE - - 0 usITC

DIEOE PCINT7 « PCIEO | PCINT6 » PCIEO | (PCINT5 o (PCINT4 »
PCIEO) + USISIE | PCIEO) + USISIE

DIEOV 1 1 1 1

DI PCINT7 INPUT PCINT6 INPUT DI/SDA INPUT USCKL/SCL
PCINT5 INPUT INPUT

PCINT4 INPUT
AlO - - - -
Note: 1. CKOUT is one if the CKOUT Fuse is programmed

ATmega329/3290/649/6490 m—————
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Figure 14-9. Timer/Counter Timing Diagram, with Prescaler (f, ,,0/8)
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Figure 14-10 shows the setting of OCFOA in all modes except CTC mode.

Figure 14-10. Timer/Counter Timing Diagram, Setting of OCFOA, with Prescaler (f, ,,0/8)
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16.7.2 Compare Match Blocking by TCNT1 Write
All CPU writes to the TCNT1 Register will block any compare match that occurs in the next timer
clock cycle, even when the timer is stopped. This feature allows OCR1x to be initialized to the
same value as TCNT1 without triggering an interrupt when the Timer/Counter clock is enabled.

16.7.3 Using the Output Compare Unit

Since writing TCNT1 in any mode of operation will block all compare matches for one timer clock
cycle, there are risks involved when changing TCNT1 when using any of the Output Compare
units, independent of whether the Timer/Counter is running or not. If the value written to TCNT1
equals the OCR1x value, the compare match will be missed, resulting in incorrect waveform
generation. Do not write the TCNT1 equal to TOP in PWM modes with variable TOP values. The
compare match for the TOP will be ignored and the counter will continue to OXxFFFF. Similarly,
do not write the TCNT1 value equal to BOTTOM when the counter is counting down.

The setup of the OC1x should be performed before setting the Data Direction Register for the
port pin to output. The easiest way of setting the OC1x value is to use the Force Output Com-
pare (FOC1x) strobe bits in Normal mode. The OC1x Register keeps its value even when
changing between Waveform Generation modes.

Be aware that the COM1x1:0 bits are not double buffered together with the compare value.
Changing the COM1x1:0 bits will take effect immediately.

AIMEL 121
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Do not use Read-Modify-Write instructions (SBI and CBI) to set or clear the MPCMn bit. The
MPCMn bit shares the same I/O location as the TXCn Flag and this might accidentally be
cleared when using SBI or CBI instructions.

19.10 Examples of Baud Rate Setting

For standard crystal and resonator frequencies, the most commonly used baud rates for asyn-
chronous operation can be generated by using the UBRRn settings in Table 19-4. UBRRn
values which yield an actual baud rate differing less than 0.5% from the target baud rate, are
bold in the table. Higher error ratings are acceptable, but the Receiver will have less noise resis-
tance when the error ratings are high, especially for large serial frames (see “Asynchronous
Operational Range” on page 183). The error values are calculated using the following equation:

BaUdRateClosest Match
BaudRate

Error[%] = ( 1] «100%

Table 19-4. Examples of UBRRn Settings for Commonly Used Oscillator Frequencies
fosc = 1.0000MHz fosc = 1.8432MHz fosc = 2.0000MHz

g::‘ed U2Xn =0 U2Xn = 1 U2Xn =0 U2Xn = 1 U2Xn = 0 U2Xn = 1
(bps) UBRRn | Error UBRRn | Error UBRRn | Error UBRRn | Error | UBRRn | Error UBRRn | Error
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 -7.0% 12 0.2% 11 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4k 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2k 2 8.5% 6 -7.0% 5 0.0% 11 0.0% 6 -7.0% 12 0.2%
28.8k 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 -3.5%
38.4k 1 -18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 -7.0%
57.6k 0 8.5% 1 8.5% 1 0.0% 3 0.0% 1 8.5% 3 8.5%
76.8k - - 1 -18.6% 1 -25.0% 2 0.0% 1 -18.6% 2 8.5%
115.2k - - 0 8.5% 0 0.0% 1 0.0% 0 8.5% 1 8.5%
230.4k - - - - - - 0 0.0% - - - -
250k - - - - - - - - - - 0 0.0%
Max. (" 62.5kbps 125kbps 115.2kbps 230.4kbps 125kbps 250kbps

1. UBRR =0, Error = 0.0%

186 ATmega329/3290/649/6490 m——
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Figure 20-3. Three-wire Mode, Timing Diagram
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The Three-wire mode timing is shown in Figure 20-3. At the top of the figure is a USCK cycle ref-
erence. One bit is shifted into the USI Shift Register (USIDR) for each of these cycles. The
USCK timing is shown for both external clock modes. In External Clock mode 0 (USICSO = 0), DI
is sampled at positive edges, and DO is changed (Data Register is shifted by one) at negative
edges. External Clock mode 1 (USICSO = 1) uses the opposite edges versus mode 0, i.e., sam-
ples data at negative and changes the output at positive edges. The USI clock modes
corresponds to the SPI data mode 0 and 1.

Referring to the timing diagram (Figure 20-3.), a bus transfer involves the following steps:

1. The Slave device and Master device sets up its data output and, depending on the proto-
col used, enables its output driver (mark A and B). The output is set up by writing the
data to be transmitted to the Serial Data Register. Enabling of the output is done by set-
ting the corresponding bit in the port Data Direction Register. Note that point A and B
does not have any specific order, but both must be at least one half USCK cycle before
point C where the data is sampled. This must be done to ensure that the data setup
requirement is satisfied. The 4-bit counter is reset to zero.

2. The Master generates a clock pulse by software toggling the USCK line twice (C and D).
The bit value on the slave and master’s data input (DI) pin is sampled by the USI on the
first edge (C), and the data output is changed on the opposite edge (D). The 4-bit counter
will count both edges.

3. Step 2. is repeated eight times for a complete register (byte) transfer.

4. After eight clock pulses (i.e., 16 clock edges) the counter will overflow and indicate that
the transfer is completed. The data bytes transferred must now be processed before a
new transfer can be initiated. The overflow interrupt will wake up the processor if it is set
to Idle mode. Depending of the protocol used the slave device can now set its output to
high impedance.

ATMEL
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* Bit 3 — ACIE: Analog Comparator Interrupt Enable
When the ACIE bit is written logic one and the I-bit in the Status Register is set, the Analog Com-
parator interrupt is activated. When written logic zero, the interrupt is disabled.

e Bit 2 — ACIC: Analog Comparator Input Capture Enable

When written logic one, this bit enables the Input Capture function in Timer/Counter1 to be trig-
gered by the Analog Comparator. The comparator output is in this case directly connected to the
Input Capture front-end logic, making the comparator utilize the noise canceler and edge select
features of the Timer/Counter1 Input Capture interrupt. When written logic zero, no connection
between the Analog Comparator and the Input Capture function exists. To make the comparator
trigger the Timer/Counter1 Input Capture interrupt, the ICIE1 bit in the Timer Interrupt Mask
Register (TIMSK1) must be set.

e Bits 1,0 - ACIS1, ACIS0: Analog Comparator Interrupt Mode Select
These bits determine which comparator events that trigger the Analog Comparator interrupt. The
different settings are shown in Table 2.

Table 2. ACIS1/ACISO Settings

ACIS1 ACISO Interrupt Mode
0 0 Comparator Interrupt on Output Toggle.
0 1 Reserved
1 0 Comparator Interrupt on Falling Output Edge.
1 1 Comparator Interrupt on Rising Output Edge.

When changing the ACIS1/ACISO bits, the Analog Comparator Interrupt must be disabled by
clearing its Interrupt Enable bit in the ACSR Register. Otherwise an interrupt can occur when the
bits are changed.

21.3.3 DIDR1 - Digital Input Disable Register 1

Bit 7 6 5 4 3 2 1 0

(0X7F) | - | - | - AIN1D | AINoD | DIDR1
Read/Write R R R R R R R/W R/W

Initial Value 0 0 0 0 0 0 0 0

e Bit 1, 0 — AIN1D, AINOD: AIN1, AINO Digital Input Disable

When this bit is written logic one, the digital input buffer on the AIN1/0 pin is disabled. The corre-
sponding PIN Register bit will always read as zero when this bit is set. When an analog signal is
applied to the AIN1/0 pin and the digital input from this pin is not needed, this bit should be writ-
ten logic one to reduce power consumption in the digital input buffer.

210  ATmega329/3290/649/6490 m————
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Figure 25-4. General Port Pin Schematic Diagram
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25.6.2 Scanning the RESET Pin
The RESET pin accepts 5V active low logic for standard reset operation, and 12V active high
logic for High Voltage Parallel programming. An observe-only cell as shown in Figure 25-5 is
inserted both for the 5V reset signal; RSTT, and the 12V reset signal; RSTHV.

Figure 25-5. Observe-only Cell

To
Next
ShiftDR Cell
From System Pin 4 ( I > To System Logic
FF1
D Q

From ClockDR
Previous
Cell

AIMEL 257

2552K—-AVR-04/11 — —— — —— — Q]



ATMEL

Table 25-5. Boundary-scan Signals for the ADC") (Continued)

Recommended Output Values when
Direction as seen Input when not recommended inputs are used,
Signal Name | from the ADC Description in use and CPU is not using the ADC
NEGSEL_2 | Input Input Mux for negative input for differential 0 0
signal, bit 2
NEGSEL_1 | Input Input Mux for negative input for differential 0 0
signal, bit 1
NEGSEL_0 | Input Input Mux for negative input for differential 0 0
signal, bit 0
PASSEN Input Enable pass-gate of differential amplifier. 1 1
PRECH Input Precharge output latch of comparator. 1 1
(Active low)
SCTEST Input Switch-cap TEST enable. Output from 0 0
differential amplifier send out to Port Pin
having ADC_4
ST Input Output of differential amplifier will settle 0 0
faster if this signal is high first two ACLK
periods after AMPEN goes high.
VCCREN Input Selects Vcc as the ACC reference voltage. 0 0

Notes: 1. Incorrect setting of the switches in Figure 25-9 will make signal contention and may damage the part. There are several input
choices to the S&H circuitry on the negative input of the output comparator in Figure 25-9. Make sure only one path is
selected from either one ADC pin, Bandgap reference source, or Ground.

If the ADC is not to be used during scan, the recommended input values from Table 25-5 should
be used. The user is recommended not to use the differential amplifier during scan. Switch-Cap
based differential amplifier require fast operation and accurate timing which is difficult to obtain
when used in a scan chain. Details concerning operations of the differential amplifier is therefore
not provided.

The AVR ADC is based on the analog circuitry shown in Figure 25-9 with a successive approxi-
mation algorithm implemented in the digital logic. When used in Boundary-scan, the problem is
usually to ensure that an applied analog voltage is measured within some limits. This can easily
be done without running a successive approximation algorithm: apply the lower limit on the digi-
tal DAC[9:0] lines, make sure the output from the comparator is low, then apply the upper limit
on the digital DAC[9:0] lines, and verify the output from the comparator to be high.

The ADC need not be used for pure connectivity testing, since all analog inputs are shared with
a digital port pin as well.

When using the ADC, remember the following

e The port pin for the ADC channel in use must be configured to be an input with pull-up
disabled to avoid signal contention.

¢ In Normal mode, a dummy conversion (consisting of 10 comparisons) is performed when
enabling the ADC. The user is advised to wait at least 200ns after enabling the ADC before
controlling/observing any ADC signal, or perform a dummy conversion before using the first
result.

e The DAC values must be stable at the midpoint value 0x200 when having the HOLD signal
low (Sample mode).

222 ATmega329/3290/649/6490 m——————
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26. Boot Loader Support — Read-While-Write Self-Programming

The Boot Loader Support provides a real Read-While-Write Self-Programming mechanism for
downloading and uploading program code by the MCU itself. This feature allows flexible applica-
tion software updates controlled by the MCU using a Flash-resident Boot Loader program. The
Boot Loader program can use any available data interface and associated protocol to read code
and write (program) that code into the Flash memory, or read the code from the program mem-
ory. The program code within the Boot Loader section has the capability to write into the entire
Flash, including the Boot Loader memory. The Boot Loader can thus even modify itself, and it
can also erase itself from the code if the feature is not needed anymore. The size of the Boot
Loader memory is configurable with fuses and the Boot Loader has two separate sets of Boot
Lock bits which can be set independently. This gives the user a unique flexibility to select differ-
ent levels of protection.

26.1 Features
* Read-While-Write Self-Programming
* Flexible Boot Memory Size
¢ High Security (Separate Boot Lock Bits for a Flexible Protection)
* Separate Fuse to Select Reset Vector
* Optimized Page'" Size
¢ Code Efficient Algorithm
¢ Efficient Read-Modify-Write Support

Note: 1. A page is a section in the Flash consisting of several bytes (see Table 27-10 on page 298)
used during programming. The page organization does not affect normal operation.

26.2 Application and Boot Loader Flash Sections

The Flash memory is organized in two main sections, the Application section and the Boot
Loader section (see Figure 26-2). The size of the different sections is configured by the
BOOTSZ Fuses as shown in Table 26-6 on page 290 and Figure 26-2. These two sections can
have different level of protection since they have different sets of Lock bits.

26.2.1 Application Section
The Application section is the section of the Flash that is used for storing the application code.
The protection level for the Application section can be selected by the application Boot Lock bits
(Boot Lock bits 0), see Table 26-2 on page 282. The Application section can never store any
Boot Loader code since the SPM instruction is disabled when executed from the Application
section.

26.2.2 BLS - Boot Loader Section
While the Application section is used for storing the application code, the The Boot Loader soft-
ware must be located in the BLS since the SPM instruction can initiate a programming when
executing from the BLS only. The SPM instruction can access the entire Flash, including the
BLS itself. The protection level for the Boot Loader section can be selected by the Boot Loader
Lock bits (Boot Lock bits 1), see Table 26-3 on page 282.

26.3 Read-While-Write and No Read-While-Write Flash Sections

Whether the CPU supports Read-While-Write or if the CPU is halted during a Boot Loader soft-
ware update is dependent on which address that is being programmed. In addition to the two
sections that are configurable by the BOOTSZ Fuses as described above, the Flash is also
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26.7.12 Simple Assembly Code Example for a Boot Loader
;-the routine writes one page of data from RAM to Flash
; the first data location in RAM is pointed to by the Y pointer
; the first data location in Flash is pointed to by the Z-pointer
;—error handling is not included
;—the routine must be placed inside the Boot space
; (at least the Do_spm sub routine). Only code inside NRWW section can
; be read during Self-Programming (Page Erase and Page Write).
;-registers used: r0, rl, templ (rl6), temp2 (rl7), looplo (r24),
; loophi (r25), spmcrval (r20)
storing and restoring of registers is not included in the routine
; register usage can be optimized at the expense of code size
;-It is assumed that either the interrupt table is moved to the Boot
loader section or that the interrupts are disabled.

7

’

.equ PAGESIZEB = PAGESIZE*2 ;PAGESIZEB is page size in BYTES, not words
.org SMALLBOOTSTART
Write_page:

; Page Erase

1di spmcrval, (1<<PGERS) | (1<<SPMEN)

call Do_spm
; re-enable the RWW section
1di spmcrval, (1<<RWWSRE) | (1<<SPMEN)

call Do_spm

; transfer data from RAM to Flash page buffer

1di looplo, low(PAGESIZEB) ;init loop variable
1di loophi, high (PAGESIZEB) ;not required for PAGESIZEB<=256
Wrloop:

1d r0, Y+

1d rl, Y+

1di spmcrval, (1<<SPMEN)

call Do_spm

adiw ZH:2L, 2

sbiw loophi:looplo, 2 ;use subi for PAGESIZEB<=256
brne Wrloop

; execute Page Write

subi ZL, low(PAGESIZEB) ;restore pointer
sbci ZH, high (PAGESIZEB) ;not required for PAGESIZEB<=256
1di spmcrval, (1<<PGWRT) | (l<<SPMEN)

call Do_spm
; re-enable the RWW section
1di spmcrval, (1<<RWWSRE) | (1l<<SPMEN)

call Do_spm

; read back and check, optional

1di looplo, low(PAGESIZEB) ;init loop variable
1di loophi, high (PAGESIZEB) ;not required for PAGESIZEB<=256
subi YL, low(PAGESIZEB) ;restore pointer
sbci YH, high (PAGESIZEB)
Rdloop:

lpm r0, zZ+
1d rl, Y+
cpse r0, rl

288  ATmega329/3290/649/6490 m————

2552K-AVR-04/11



C ATmega329/3290/649/6490

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

2. The default value of BOOTSZ1..0 results in maximum Boot Size. See Table 26-6 on page 290
for details.

3. See “WDTCR — Watchdog Timer Control Register” on page 48 for details.

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

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

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

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

Note: 1. The default value of SUT1..0 results in maximum start-up time for the default clock source.

2552K-AVR-04/11

See Table 28-4 on page 330 for details.

The default setting of CKSELS3..0 results in internal RC Oscillator @ 8MHz. See Table 8-5 on
page 29 for details.

The CKOUT Fuse allow the system clock to be output on PORTE7?. See “Clock Output Buffer”
on page 31 for details.

See “System Clock Prescaler” on page 32 for details.
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A: Load Command “0000 0100”.

2. Set OE to “0”, BS2 to “0” and BS1 to “0”. The status of the Fuse Low bits can now be
read at DATA (“0” means programmed).

3. Set OE to “0”, BS2 to “1” and BS1 to “1”. The status of the Fuse High bits can now be
read at DATA (“0” means programmed).

4. Set OE to “0”, BS2 to “1”7, and BS1 to “0”. The status of the Extended Fuse bits can now
be read at DATA (“0” means programmed).

5. Set OE to “0”, BS2 to “0” and BS1 to “1”. The status of the Lock bits can now be read at
DATA (“0” means programmed).

6. Set OE to “1”.

Figure 27-6. Mapping Between BS1, BS2 and the Fuse and Lock Bits During Read

I Fuse Low Byte H 0

I Extended Fuse Byte

BS2 —>

I Lock Bits 0

I Fuse High Byte 1 BL‘I_/

BS2

27.6.13 Reading the Signature Bytes
The algorithm for reading the Signature bytes is as follows (refer to “Programming the Flash” on
page 300 for details on Command and Address loading):
1. A: Load Command “0000 1000”.
B: Load Address Low Byte (0x00 - 0x02).

2
3. Set OE to “0”, and BS1 to “0”. The selected Signature byte can now be read at DATA.
4. Set OE to “1”.

27.6.14 Reading the Calibration Byte
The algorithm for reading the Calibration byte is as follows (refer to “Programming the Flash” on
page 300 for details on Command and Address loading):
1. A: Load Command “0000 1000
2. B:Load Address Low Byte, 0x00.
3. Set OE to “0”, and BS1 to “1”. The Calibration byte can now be read at DATA.
4. SetOE to “1”.

ATMEL
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Table 27-16. JTAG Programming Instruction Set (Continued)

a = address high bits, b = address low bits, H = 0 - Low byte, 1 - High Byte, o = data out, i = data in, x = don’t care

Instruction

TDI Sequence

TDO Sequence

Notes

5c.

Load Address Low Byte

0000011_bbbbbbbb

XXXXXXX _XXXXXXXX

5d.

Read Data Byte

0110011_bbbbbbbb
0110010_00000000
0110011_00000000

XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX_00000000

6a.

Enter Fuse Write

0100011_01000000

XXXXXXX _XXXXXXXX

6b.

Load Data Low Byte®

XXXXXXX _XXXXXXXX

®)

6cC.

Write Fuse Extended Byte

0111011_00000000
0111001_00000000
0111011_00000000
0111011_00000000

XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX_XXXXXXXX

(1)

6d.

Poll for Fuse Write Complete

0110111_00000000

XXXXXOX_XXXXXXXX

@)

6e.

Load Data Low Byte”)

XXXXXXX _XXXXXXXX

@)

6f. Write Fuse High Byte

0110111_00000000
0110101_00000000
0110111_00000000
0110111_00000000

XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX_XXXXXXXX

(1)

6g.

Poll for Fuse Write Complete

0110111_00000000

XXXXXOX_XXXXXXXX

@)

6h.

Load Data Low Byte!”

XXXXXXX _XXXXXXXX

@)

6i. Write Fuse Low Byte

0110011_00000000
0110001_00000000
0110011_00000000
0110011_00000000

XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX_XXXXXXXX

(1)

6j. Poll for Fuse Write Complete

0110011_00000000

XXXXXOX_XXXXXXXX

(2)

7a.

Enter Lock Bit Write

0100011_00100000

XXXXXXX _XXXXXXXX

7b.

Load Data Byte(®

XXXXXXX _XXXXXXXX

(4)

7c.

Write Lock Bits

0110011_00000000
0110001_00000000
0110011_00000000
0110011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX
XXXXXXX _XXXXXXXX

(1)

7d.

Poll for Lock Bit Write complete

0110011_00000000

XXXXXOX_XXXXXXXX

(2)

8a.

Enter Fuse/Lock Bit Read

0100011_00000100

XXXXXXX _XXXXXXXX

8b.

Read Extended Fuse Byte®

0111010_00000000
0111011_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_00000000

8c.

Read Fuse High Byte(”

0111110_00000000
0111111_00000000

XXXXXXX_XXXXXXXX
XXXXXXX_00000000

8d.

Read Fuse Low Byte®

0110010_00000000
0110011_00000000

XXXXXXX _XXXXXXXX
XXXXXXX_00000000

8e.

Read Lock Bits®)

0110110_00000000
0110111_00000000

XXXXXXX _XXXXXXXX
XXXXXXX_XX000000

(5)
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28. Electrical Characteristics

28.1 Absolute Maximum Ratings*

Operating Temperature..........ccocceeceereerneene. -55°C to +125°C

Storage Temperature

Maximum Operating Voltage

DC Current per I/O Pin
DC Current V¢ and GND Pins

Voltage on any Pin except RESET
with respect to Ground

......... -65°C to +150°C

....... -0.5V t0 Ve+0.5V

Voltage on RESET with respect to Ground......-0.5V to +13.0V

28.2 DC Characteristics

*NOTICE:

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect
device reliability.

Table 28-1. T, =-40°C to 85°C, V¢ = 1.8V to 5.5V (unless otherwise noted)

Symbol | Parameter Condition Min. Typ. Max. Units

Y Input Low Voltage, Except | Vo = 1.8V - 2.4V -0.5 0.2V v
I XTAL1 pin Voo = 2.4V - 5.5V -0.5 0.3V

Viis L’;E”t Low Voltage, XTALT |y = 1.8v-5.5v 0.5 0.1V ™ v

v Efcuép':"g%\ﬁ"zgi Voo = 1.8V - 2.4V 0.7Ve® Voo +0.5 v
IH — - (3]

RESET pins Vee =2.4V - 5.5V 0.6V¢e Ve +0.5

y Input High Voltage, Voo = 1.8V - 2.4V 0.8Vc@ Ve + 0.5 y

IH1 XTAL1 pin Voo = 2.4V - 5.5V 0.7Vec® Ve + 0.5
Input High Voltage,

Vio RESET%m 9 Voo =1.8V-55V 0.85V? Voo + 0.5 Vv

v Output Low Voltage®), loL = 10mMA, Vg =5V 0.7 v
oL PortA,C,D,E,F, G, H,J | Ig =5mA, Ve =3V 0.5

y Output Low Voltage®), lo, = 20mA, Ve = 5V 0.7 Y
o Port B loL = 10mMA, Vg = 3V 0.5

Y Output High Voltage®®), loy =-10mA, Vg = 5V 4.2 v
OH PortA,C,D,E,F, G, H,J | Igy=-5mA, Ve =3V 2.3

v Output High Voltage®), lon = -20mA, Vg = 5V 4.2 y
OH1 Port B lon = -10mA, Vg = 3V 2.3

| Input Leakage Ve = 5.5V, pin low 1 A

IL Current I/O Pin (absolute value) H

| Input Leakage Ve = 5.5V, pin high 1 A

IH Current 1/0 Pin (absolute value) H

Rrst Reset Pull-up Resistor 20 100 kQ

Rpy I/0 Pin Pull-up Resistor 20 100 kQ
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Table 28-7. ADC Characteristics (Continued)

Symbol | Parameter Condition Min Typ Max Units
VNt Internal Voltage Reference 1.0 1.1 1.2 \
RRer Reference Input Resistance 32 kQ
Ran Analog Input Resistance 100 MQ

Note: 1. Voltage difference between channels.
28.8 LCD Controller Characteristics
Table 28-8. LCD Controller Characteristics
Symbol Parameter Min. Typ Max Units
lL.cp LCD Driver Current Total for All COM and SEG pins 6 pA
Rseg Segment Driver Output Impedance 10 kQ
Rcom Blackplane Driver Output Impedance 2 kQ

33¢  ATmega329/3290/649/6490 m——————

2552K-AVR-04/11




C ATmega329/3290/649/6490

Figure 29-47. Calibrated 8MHz RC Oscillator Frequency vs. V¢
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Figure 29-48. Calibrated 8MHz RC Oscillator Frequency vs. Osccal Value
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34. Errata

34.1 ATmega329

34.11 ATmega329 rev. C
¢ Interrupts may be lost when writing the timer registers in the asynchronous timer

1. Interrupts may be lost when writing the timer registers in the asynchronous timer

The interrupt will be lost if a timer register that is synchronous timer clock is written when the
asynchronous Timer/Counter register (TCNTX) is 0x00.

Problem Fix/Wortkaround

Always check that the asynchronous Timer/Counter register neither have the value OxFF nor
0x00 before writing to the asynchronous Timer Control Register (TCCRXx), asynchronous
Timer Counter Register (TCNTXx), or asynchronous Output Compare Register (OCRXx).

34.1.2 ATmega329 rev. B

Not sampled.

34.1.3 ATmega329 rev. A
¢ LCD contrast voltage too high
¢ Interrupts may be lost when writing the timer registers in the asynchronous timer

1. LCD contrast voltage too high

When the LCD is active and using low power waveform, the LCD contrast voltage can be too
high. This occurs when V. is higher than V ¢p, and when using low LCD drivetime.

Problem Fix/Workaround

There are several possible workarounds:

- Use normal waveform instead of low power waveform
- Use drivetime of 375 ps or longer

2. Interrupts may be lost when writing the timer registers in the asynchronous timer
The interrupt will be lost if a timer register that is synchronous timer clock is written when the
asynchronous Timer/Counter register (TCNTXx) is 0x00.

Problem Fix/Wortkaround

Always check that the asynchronous Timer/Counter register neither have the value OxFF nor
0x00 before writing to the asynchronous Timer Control Register (TCCRx), asynchronous
Timer Counter Register (TCNTX), or asynchronous Output Compare Register (OCRX).
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