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Assembly Code Example

Move_interrupts:
; Enable change of interrupt vectors

1di rl16, (1<<IVCE)

out GICR, rlé6

; Move interrupts to boot Flash section

1di rle, (1<<IVSEL)

out GICR, rleé

ret

C Code Example

void Move interrupts (void)

{

/* Enable change of interrupt vectors */
GICR = (1<<IVCE) ;
/* Move interrupts to boot Flash section */

GICR = (1<<IVSEL);

ATMEL
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Reading the Pin Value
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Switching between input with pull-up and output low generates the same problem. The user
must use either the tri-state ({DDxn, PORTxn} = 0b00) or the output high state ({DDxn, PORTxn}
=0bll) as an intermediate step.

Table 20 summarizes the control signals for the pin value.

Table 20. Port Pin Configurations

DDxn | PORTxn | (in FS)LIi::())R) I/0 Pull-up | Comment
0 0 X Input No Tri-state (Hi-Z)
Pxn will source current if ext. pulled
0 1 0 Input Yes low.
0 1 1 Input No Tri-state (Hi-Z)
1 0 X Output No Output Low (Sink)
1 1 X Output No Output High (Source)

Independent of the setting of Data Direction bit DDxn, the port pin can be read through the
PINxn Register bit. As shown in Figure 23, the PINxn Register bit and the preceding latch consti-
tute a synchronizer. This is needed to avoid metastability if the physical pin changes value near
the edge of the internal clock, but it also introduces a delay. Figure 24 shows a timing diagram of
the synchronization when reading an externally applied pin value. The maximum and minimum
propagation delays are denoted t,g nax and tyg min respectively.

Figure 24. Synchronization when Reading an Externally Applied Pin Value

SYSTEM CLK | j i
INSTRUCTIONS X x‘ X X x;<x ‘ inr17, PNk X
SYNC LATCH v

PINxn

17 § 0x00 | X oxFF

tpd, max

A
I A

‘ tpd, min

Consider the clock period starting shortly after the first falling edge of the system clock. The latch
is closed when the clock is low, and goes transparent when the clock is high, as indicated by the
shaded region of the “SYNC LATCH?” signal. The signal value is latched when the system clock
goes low. It is clocked into the PINxn Register at the succeeding positive clock edge. As
indicated by the two arrows tog nax and t,q min, @ single signal transition on the pin will be delayed
between ¥ and 1% system clock period depending upon the time of assertion.
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Table 26. Overriding Signals for Alternate Functions in PB7..PB4
Signal __
Name | PB7/SCK PB6/MISO PB5/MOSI PB4/SS
PUOE | SPE«MSTR SPE « MSTR SPE « MSTR SPE « MSTR
PUOV | PORTB7+«PUD | PORTB6 « PUD PORTBS5 « PUD PORTB4 « PUD
DDOE | SPE«MSTR SPE « MSTR SPE « MSTR SPE « MSTR
DDOV | 0 0 0 0
PVOE | SPE«MSTR SPE « MSTR SPE « MSTR 0
PVOV | SCK OUTPUT | SPISLAVE OUTPUT | SPIMSTR OUTPUT | 0
DIECE | 0 0 0 0
DIEQV | 0 0 0 0
DI SCK INPUT SPI MSTR INPUT SPI SLAVE INPUT | SPISS
AlO - - - -
Table 27. Overriding Signals for Alternate Functions in PB3..PB0
Signal
Name PB3/0OCO/AIN1 PB2/INT2/AINO PB1/T1 PBO/TO/XCK
PUOE |0 0 0 0
PUOV | 0 0 0 0
DDOE |0 0 0 0
DDOV |0 0 0 0
PVOE OCO0 ENABLE 0 0 UMSEL
PVOV 0Co 0 0 XCK OUTPUT
DIEOE | 0 INT2 ENABLE 0 0
DIEOV | 0 1 0 0
DI - INT2 INPUT T1INPUT | XCK INPUT/TO INPUT
AlO AIN1 INPUT AINO INPUT - -

2466T-AVR-07/10
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* OC1A - Port D, Bit 5

OCI1A, Output Compare Match A output: The PD5 pin can serve as an external output for the
Timer/Counterl Output Compare A. The pin has to be configured as an output (DDD5 set (one))
to serve this function. The OC1A pin is also the output pin for the PWM mode timer function.

e OC1B - Port D, Bit 4

OC1B, Output Compare Match B output: The PD4 pin can serve as an external output for the
Timer/Counterl Output Compare B. The pin has to be configured as an output (DDD4 set (one))
to serve this function. The OC1B pin is also the output pin for the PWM mode timer function.

e INT1 - Port D, Bit 3

INT1, External Interrupt Source 1: The PD3 pin can serve as an external interrupt source.

e INTO - Port D, Bit 2

INTO, External Interrupt Source 0: The PD2 pin can serve as an external interrupt source.

e TXD-Port D, Bit 1

TXD, Transmit Data (Data output pin for the USART). When the USART Transmitter is enabled,
this pin is configured as an output regardless of the value of DDD1.

 RXD - Port D, Bit 0

RXD, Receive Data (Data input pin for the USART). When the USART Receiver is enabled this
pin is configured as an input regardless of the value of DDDO0. When the USART forces this pin
to be an input, the pull-up can still be controlled by the PORTDO bit.

Table 32 and Table 33 relate the alternate functions of Port D to the overriding signals shown in
Figure 26 on page 55.

Table 32. Overriding Signals for Alternate Functions PD7..PD4

Signal Name PD7/0C2 PD6/ICP1 PD5/OCIA PD4/OC1B
PUOE 0 0 0 0

PUOV 0 0 0 0

DDOE 0 0 0 0

DDOV 0 0 0 0

PVOE OC2ENABLE | 0 OCI1AENABLE | OC1B ENABLE
PVOV oc2 0 OC1A oc1B

DIEOE 0 0 0 0

DIEOV 0 0 0 0

DI - ICP1 INPUT | - -

AIO - - - -

ATMEL o
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8-bit
Timer/Counter
Register
Description
Timer/Counter Control
Register — TCCRO Bit 7 6 5 4 3 2 1 0
| Foco | wcmoo | como1 | comoo | wGmol | CS02 Cso01 csoo | Tccro
Read/Write W R/W R/W R/W R/W R/IW R/W R/W
Initial Value 0 0 0 0 0 0 0 0

e Bit 7 - FOCO: Force Output Compare

The FOCO bit is only active when the WGMOO bit specifies a non-PWM mode. However, for
ensuring compatibility with future devices, this bit must be set to zero when TCCRO is written
when operating in PWM mode. When writing a logical one to the FOCO bit, an immediate com-
pare match is forced on the Waveform Generation unit. The OCO output is changed according to
its COMO01:0 bits setting. Note that the FOCO bit is implemented as a strobe. Therefore it is the
value present in the COMO01.:0 bits that determines the effect of the forced compare.

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

The FOCO bit is always read as zero.

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

These bits control the counting sequence of the counter, the source for the maximum (TOP)
counter value, and what type of Waveform Generation to be used. Modes of operation sup-
ported by the Timer/Counter unit are: Normal mode, Clear Timer on Compare Match (CTC)

mode, and two types of Pulse Width Modulation (PWM) modes. See Table 38 and “Modes of
Operation” on page 76.

Table 38. Waveform Generation Mode Bit Description®

WGMO01 | WGMOO0 | Timer/Counter Mode Update of | TOVO Flag
Mode | (CTCO) | (PWMO) | of Operation TOP OCRO Set-on
0 0 0 Normal OxFF Immediate | MAX
1 0 1 PWM, Phase Correct OxFF TOP BOTTOM
2 1 0 CTC OCRO | Immediate | MAX
3 1 1 Fast PWM OxFF BOTTOM MAX

Note: 1. The CTCO and PWMO bit definition names are now obsolete. Use the WGMO01:0 definitions.
However, the functionality and location of these bits are compatible with previous versions of
the timer.

e Bit 5:4 — COMO01:0: Compare Match Output Mode

These bits control the Output Compare pin (OCO0) behavior. If one or both of the COMO01:0 bits
are set, the OCO output overrides the normal port functionality of the I/O pin it is connected to.
However, note that the Data Direction Register (DDR) bit corresponding to the OCO pin must be
set in order to enable the output driver.

ATMEL 5
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Figure 40. 16-bit Timer/Counter Block Diagram®
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Note: 1. Refer to Figure 1 on page 2, Table 25 on page 58, and Table 31 on page 63 for
Timer/Counterl pin placement and description.

Registers The Timer/Counter (TCNT1), Output Compare Registers (OCR1A/B), and Input Capture Regis-
ter (ICR1) are all 16-bit registers. Special procedures must be followed when accessing the 16-
bit registers. These procedures are described in the section “Accessing 16-bit Registers” on
page 92. The Timer/Counter Control Registers (TCCR1A/B) are 8-bit registers and have no CPU
access restrictions. Interrupt requests (abbreviated to Int.Req. in the figure) signals are all visible
in the Timer Interrupt Flag Register (TIFR). All interrupts are individually masked with the Timer
Interrupt Mask Register (TIMSK). TIFR and TIMSK are not shown in the figure since these regis-
ters are shared by other timer units.

The Timer/Counter can be clocked internally, via the prescaler, or by an external clock source on
the T1 pin. The Clock Select logic block controls which clock source and edge the Timer/Counter
uses to increment (or decrement) its value. The Timer/Counter is inactive when no clock source
is selected. The output from the clock select logic is referred to as the timer clock (clk,).

The double buffered Output Compare Registers (OCR1A/B) are compared with the Timer/Coun-
ter value at all time. The result of the compare can be used by the Waveform Generator to
generate a PWM or variable frequency output on the Output Compare pin (OC1A/B). See “Out-
put Compare Units” on page 98. The compare match event will also set the Compare Match
Flag (OCF1A/B) which can be used to generate an output compare interrupt request.

ATMEL 2
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Output Compare
Unit
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bottom Signalizes that TCNT2 has reached minimum value (zero).

Depending on the mode of operation used, the counter is cleared, incremented, or decremented
at each timer clock (clky,). clkr, can be generated from an external or internal clock source,
selected by the Clock Select bits (CS22:0). When no clock source is selected (CS22:0 = 0) the
timer is stopped. However, the TCNT2 value can be accessed by the CPU, regardless of
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 WGM21 and WGM20 bits located in
the Timer/Counter Control Register (TCCR2). There are close connections between how the
counter behaves (counts) and how waveforms are generated on the Output Compare output
OC2. For more details about advanced counting sequences and waveform generation, see
“Modes of Operation” on page 122.

The Timer/Counter Overflow (TOV2) Flag is set according to the mode of operation selected by
the WGM21.:0 bits. TOV2 can be used for generating a CPU interrupt.

The 8-bit comparator continuously compares TCNT2 with the Output Compare Register
(OCR2). Whenever TCNT2 equals OCR2, the comparator signals a match. A match will set the
Output Compare Flag (OCF2) at the next timer clock cycle. If enabled (OCIE2 = 1), the Output
Compare Flag generates an output compare interrupt. The OCF2 Flag is automatically cleared
when the interrupt is executed. Alternatively, the OCF2 Flag can be cleared by software by writ-
ing a logical one to its I/0O bit location. The waveform generator uses the match signal to
generate an output according to operating mode set by the WGM21.:0 bits and Compare Output
mode (COM21.:0) bits. The max and bottom signals are used by the waveform generator for han-
dling the special cases of the extreme values in some modes of operation (“Modes of Operation”
on page 122). Figure 55 shows a block diagram of the output compare unit.

Figure 55. Output Compare Unit, Block Diagram
DATA BUS
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The OCR2 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 OCR2 Compare Register
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Compare Match
Output Unit

Compare Output Mode
and Waveform
Generation
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The Compare Output mode (COM21.:0) bits have two functions. The Waveform Generator uses
the COM21.:0 bits for defining the Output Compare (OC2) state at the next compare match. Also,
the COM21.:0 bits control the OC2 pin output source. Figure 56 shows a simplified schematic of
the logic affected by the COM21.:0 bit setting. The 1/O Registers, 1/O bits, and 1/O pins in the fig-
ure are shown in bold. Only the parts of the general /0O Port Control Registers (DDR and PORT)
that are affected by the COM21.:0 bits are shown. When referring to the OC2 state, the reference
is for the internal OC2 Register, not the OC2 pin.

Figure 56. Compare Match Output Unit, Schematic

=D

COMn1
COMnO Waveform
D Q
FOCn Generator
— 1
OCn
OCn o :: Pin
f
D Q
% L
m PORT
<
£
e =D Q
 J DDR
clkyo

The general 1/0O port function is overridden by the Output Compare (OC2) from the waveform
generator if either of the COM21:0 bits are set. However, the OC2 pin direction (input or output)
is still controlled by the Data Direction Register (DDR) for the port pin. The Data Direction Regis-
ter bit for the OC2 pin (DDR_OC?2) must be set as output before the OC2 value is visible on the
pin. The port override function is independent of the Waveform Generation mode.

The design of the output compare pin logic allows initialization of the OC2 state before the out-
put is enabled. Note that some COM21:0 bit settings are reserved for certain modes of
operation. See “8-bit Timer/Counter Register Description” on page 128.

The waveform generator uses the COM21:0 bits differently in Normal, CTC, and PWM modes.
For all modes, setting the COM21:0 = 0 tells the Waveform Generator that no action on the OC2
Register is to be performed on the next compare match. For compare output actions in the non-
PWM modes refer to Table 51 on page 129. For fast PWM mode, refer to Table 52 on page 129,
and for phase correct PWM refer to Table 53 on page 129.

A change of the COM21.:0 bits state will have effect at the first compare match after the bits are
written. For non-PWM modes, the action can be forced to have immediate effect by using the
FOC2 strobe bits.
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Multi-processor
Communication
Mode

Using MPCM
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Setting the Multi-processor Communication mode (MPCM) bit in UCSRA enables a filtering
function of incoming frames received by the USART Receiver. Frames that do not contain
address information will be ignored and not put into the receive buffer. This effectively reduces
the number of incoming frames that has to be handled by the CPU, in a system with multiple
MCUs that communicate via the same serial bus. The Transmitter is unaffected by the MPCM
setting, but has to be used differently when it is a part of a system utilizing the Multi-processor
Communication mode.

If the receiver is set up to receive frames that contain 5 to 8 data bits, then the first stop bit indi-
cates if the frame contains data or address information. If the receiver is set up for frames with
nine data bits, then the ninth bit (RXB8) is used for identifying address and data frames. When
the frame type bit (the first stop or the ninth bit) is one, the frame contains an address. When the
frame type bit is zero the frame is a data frame.

The Multi-processor Communication mode enables several Slave MCUs to receive data from a
Master MCU. This is done by first decoding an address frame to find out which MCU has been
addressed. If a particular Slave MCU has been addressed, it will receive the following data
frames as normal, while the other Slave MCUs will ignore the received frames until another
address frame is received.

For an MCU to act as a Master MCU, it can use a 9-bit character frame format (UCSZ = 7). The
ninth bit (TXB8) must be set when an address frame (TXB8 = 1) or cleared when a data frame
(TXB = 0) is being transmitted. The Slave MCUs must in this case be set to use a 9-bit character
frame format.

The following procedure should be used to exchange data in Multi-processor Communication
mode:

1. All Slave MCUs are in Multi-processor Communication mode (MPCM in UCSRA is set).

2. The Master MCU sends an address frame, and all Slaves receive and read this frame. In
the Slave MCUs, the RXC Flag in UCSRA will be set as nhormal.

3. Each Slave MCU reads the UDR Register and determines if it has been selected. If so, it
clears the MPCM bit in UCSRA, otherwise it waits for the next address byte and keeps
the MPCM setting.

4. The addressed MCU will receive all data frames until a new address frame is received.
The other Slave MCUs, which still have the MPCM bit set, will ignore the data frames.

5. When the last data frame is received by the addressed MCU, the addressed MCU sets
the MPCM bit and waits for a new address frame from Master. The process then repeats
from 2.

Using any of the 5-bit to 8-bit character frame formats is possible, but impractical since the
receiver must change between using n and n+1 character frame formats. This makes full-duplex
operation difficult since the transmitter and receiver uses the same character size setting. If 5-bit
to 8-bit character frames are used, the transmitter must be set to use two stop bit (USBS = 1)
since the first stop bit is used for indicating the frame type.

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

USART I/O Data
Register — UDR
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The following code example shows how to read the UCSRC Register contents.

Assembly Code Example®

USART ReadUCSRC:
; Read UCSRC
in rlé6,UBRRH
in r16,UCSRC

ret

C Code Example®

unsigned char USART_ReadUCSRC( void )
{

unsigned char ucsrc;

/* Read UCSRC */

ucsrc = UBRRH;

ucsrc = UCSRC;

return ucsrc;

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

Reading the UBRRH contents is not an atomic operation and therefore it can be read as an ordi-
nary register, as long as the previous instruction did not access the register location.

Bit 7 6 5 4 3 2 1 0
RXB[7:0] UDR (Read)
TXB[7:0] UDR (Write)
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 USART Transmit Data Buffer Register and USART Receive Data Buffer Registers share the
same |/O address referred to as USART Data Register or UDR. The Transmit Data Buffer Reg-
ister (TXB) will be the destination for data written to the UDR Register location. Reading the
UDR Register location will return the contents of the Receive Data Buffer Register (RXB).

For 5-bit, 6-bit, or 7-bit characters the upper unused bits will be ignored by the Transmitter and
set to zero by the Receiver.

The transmit buffer can only be written when the UDRE Flag in the UCSRA Register is set. Data
written to UDR when the UDRE Flag is not set, will be ignored by the USART Transmitter. When
data is written to the transmit buffer, and the Transmitter is enabled, the Transmitter will load the
data into the transmit Shift Register when the Shift Register is empty. Then the data will be seri-
ally transmitted on the TxD pin.

The receive buffer consists of a two level FIFO. The FIFO will change its state whenever the
receive buffer is accessed. Due to this behavior of the receive buffer, do not use read modify
write instructions (SBI and CBI) on this location. Be careful when using bit test instructions (SBIC
and SBIS), since these also will change the state of the FIFO.
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TWI Status Register —
TWSR
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is detected, and then generates a new START condition to claim the bus Master status. TWSTA
must be cleared by software when the START condition has been transmitted.
e Bit4 - TWSTO: TWI STOP Condition Bit

Writing the TWSTO bit to one in Master mode will generate a STOP condition on the Two-wire
Serial Bus. When the STOP condition is executed on the bus, the TWSTO bit is cleared auto-
matically. In Slave mode, setting the TWSTO bit can be used to recover from an error condition.
This will not generate a STOP condition, but the TWI returns to a well-defined unaddressed
Slave mode and releases the SCL and SDA lines to a high impedance state.

e Bit 3—- TWWC: TWI Write Collision Flag
The TWWHC bit is set when attempting to write to the TWI Data Register - TWDR when TWINT is
low. This flag is cleared by writing the TWDR Register when TWINT is high.

e Bit 2 - TWEN: TWI Enable Bit

The TWEN bit enables TWI operation and activates the TWI interface. When TWEN is written to
one, the TWI takes control over the I/O pins connected to the SCL and SDA pins, enabling the
slew-rate limiters and spike filters. If this bit is written to zero, the TWI is switched off and all TWI
transmissions are terminated, regardless of any ongoing operation.

* Bit 1 - Res: Reserved Bit

This bit is a reserved bit and will always read as zero.

e Bit 0 — TWIE: TWI Interrupt Enable

When this bit is written to one, and the I-bit in SREG is set, the TWI interrupt request will be acti-
vated for as long as the TWINT Flag is high.

Bit 7 6 5 4 3 2 1 0

| TWS7 TWS6 TWS5 TWS4 TWS3 - TWPS1 | TWPSO | TWSR
Read/Write R R R R R R RIW RIW
Initial Value 1 1 1 1 1 0 0 0

* Bits 7..3-TWS: TWI Status

These five bits reflect the status of the TWI logic and the Two-wire Serial Bus. The different sta-
tus codes are described later in this section. Note that the value read from TWSR contains both
the 5-bit status value and the 2-bit prescaler value. The application designer should mask the
prescaler bits to zero when checking the Status bits. This makes status checking independent of
prescaler setting. This approach is used in this datasheet, unless otherwise noted.

* Bit 2 — Res: Reserved Bit

This bit is reserved and will always read as zero.
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JTAG Interface
and On-chip
Debug System

Features

Overview

Test Access Port —
TAP
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* JTAG (IEEE std. 1149.1 Compliant) Interface
* Boundary-scan Capabilities According to the IEEE std. 1149.1 (JTAG) Standard
* Debugger Access to:

— All Internal Peripheral Units

— Internal and External RAM

— The Internal Register File

— Program Counter

— EEPROM and Flash Memories

— Extensive On-chip Debug Support for Break Conditions, Including

— AVR Break Instruction

— Break on Change of Program Memory Flow

— Single Step Break

— Program Memory Breakpoints on Single Address or Address Range

— Data Memory Breakpoints on Single Address or Address Range
* Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
» On-chip Debugging Supported by AVR Studio®

The AVR IEEE std. 1149.1 compliant JTAG interface can be used for
e Testing PCBs by using the JTAG Boundary-scan capability

*  Programming the non-volatile memories, Fuses and Lock bits

¢ On-chip Debugging

A brief description is given in the following sections. Detailed descriptions for Programming via
the JTAG interface, and using the Boundary-scan Chain can be found in the sections “Program-
ming via the JTAG Interface” on page 278 and “IEEE 1149.1 (JTAG) Boundary-scan” on page
228, respectively. The On-chip Debug support is considered being private JTAG instructions,
and distributed within ATMEL and to selected third party vendors only.

Figure 112 shows a block diagram of the JTAG interface and the On-chip Debug system. The
TAP Controller is a state machine controlled by the TCK and TMS signals. The TAP Controller
selects either the JTAG Instruction Register or one of several Data Registers as the scan chain
(Shift Register) between the TDI input and TDO output. The Instruction Register holds JTAG
instructions controlling the behavior of a Data Register.

The ID-Register, Bypass Register, and the Boundary-scan Chain are the Data Registers used
for board-level testing. The JTAG Programming Interface (actually consisting of several physical
and virtual Data Registers) is used for JTAG Serial Programming via the JTAG interface. The
Internal Scan Chain and Break Point Scan Chain are used for On-chip Debugging only.

The JTAG interface is accessed through four of the AVR’s pins. In JTAG terminology, these pins
constitute the Test Access Port — TAP. These pins are:

 TMS: Test Mode Select. This pin is used for navigating through the TAP-controller state
machine.

e TCK: Test Clock. JTAG operation is synchronous to TCK.

« TDI: Test Data In. Serial input data to be shifted in to the Instruction Register or Data
Register (Scan Chains).

e TDO: Test Data Out. Serial output data from Instruction register or Data Register.
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Table 107. No. of Words in a Page and no. of Pages in the Flash

Flash Size Page Size | PCWORD No. of Pages PCPAGE PCMSB
8K words (16 Kbytes) 64 words PC[5:0] 128 PC[12:6] 12
Table 108. No. of Words in a Page and no. of Pages in the EEPROM
EEPROM Size Page Size PCWORD No. of Pages PCPAGE EEAMSB
512 bytes 4 bytes EEA[1:0] 128 EEA[8:2] 8

This section describes how to parallel program and verify Flash Program memory, EEPROM
Data memory, Memory Lock bits, and Fuse bits in the ATmegal6. Pulses are assumed to be at
least 250 ns unless otherwise noted.

In this section, some pins of the ATmegal6 are referenced by signal names describing their
functionality during parallel programming, see Figure 127 and Table 109. Pins not described in
the following table are referenced by pin names.

The XA1/XAO pins determine the action executed when the XTALL1 pin is given a positive pulse.
The bit coding is shown in Table 111.

When pulsing WR or OE, the command loaded determines the action executed. The different
Commands are shown in Table 112.

Figure 127. Parallel Programming

+5V
RDY/BSY «——— PD1
VCC
OE ——>» PD2 +5V
WR ——> PD3 AVCC —T

BS1 ———»

S PD4 PB7 - PBO [«—>» DATA
XA0O ——>»| PD5
XA1 ——>»{ PD6

PAGEL ——»{ PD7

+12V —— > RESET
BS2 ——»| PAO

—— > XTAL1

I -
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Figure 134. Parallel Programming Timing, Loading Sequence with Timing Requirements®

LOAD ADDRESS LOAD DATA LOAD DATA LOAD DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
txLpH

ExLxH

teLxH
XTAL1 / AN / ‘F /{’ ; h

BS1

PAGEL

DATA X ADDRO (Low Byte) >< DATA (Low Byte) X DATA (High Byte) X ADDRT1 (Low Byte)

XAO

XA1

Note: 1. The timing requirements shown in Figure 133 (that is, tpyxp, txpxi, and ty px) also apply to
loading operation.

Figure 135. Parallel Programming Timing, Reading Sequence (within the Same Page) with
Timing Requirements®

LOAD ADDRESS READ DATA READ DATA LOAD ADDRESS
(LOW BYTE) (LOW BYTE) (HIGH BYTE) (LOW BYTE)
— —

oL

-
XTAL1

BS1

tsvbpv
-—

toLpv
>

tOH Dz
-

DATA —< ADDRO (Low Byte) DATA (Low Byte) DATA (High Byte) >L< ADDRT1 (Low Byte)

XAO

XA1

Note: 1. The timing requirements shown in Figure 133 (that is, tp\xy, txpxr, @nd ty; px) also apply to
reading operation.

Table 113. Parallel Programming Characteristics, V¢ = 5V £10%

Symbol Parameter Min Typ | Max | Units
Vpp Programming Enable Voltage 115 125 \%
Ipp Programming Enable Current 250 A
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Programming the
Fuses

Programming the Lock
Bits

Reading the Fuses
and Lock Bits

Reading the Signature
Bytes

Reading the
Calibration Byte

2466T-AVR-07/10

o s wnh R

P wDD PR

Enter JTAG instruction PROG_COMMANDS.
Enable Fuse write using programming instruction 6a.

Load data High byte using programming instructions 6b. A bit value of “0” will program
the corresponding fuse, a “1” will unprogram the fuse.

Write Fuse High byte using programming instruction 6c.

Poll for Fuse write complete using programming instruction 6d, or wait for t,, . (refer to
Table 113 on page 272).

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 t, gy (refer to
Table 113 on page 272).

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,,, gy (refer
to Table 113 on page 272).

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.

Enter JTAG instruction PROG_COMMANDS.

Enable Signature byte read using programming instruction 9a.
Load address $00 using programming instruction 9b.

Read first signature byte using programming instruction 9c.

Repeat steps 3 and 4 with address $01 and address $02 to read the second and third
signature bytes, respectively.

Enter JTAG instruction PROG_COMMANDS.

Enable Calibration byte read using programming instruction 10a.
Load address $00 using programming instruction 10b.

Read the calibration byte using programming instruction 10c.
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Figure 152. Active Supply Current vs. V. (Internal RC Oscillator, 4 MHz)
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Figure 153. Active Supply Current vs. V. (Internal RC Oscillator, 2 MHz)
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Figure 184. 1/O Pin Input Hysteresis vs. V¢
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Figure 185. Reset Input Threshold Voltage vs. V¢ (V,4, Reset Pin Read As '1")
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Bod Thresholds And Figure 188. Bod Thresholds vs. Temperature (Bodlevel is 4.0V)
Analog Comparator
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Figure 189. Bod Thresholds vs. Temperature (Bodlevel is 2.7V)
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Ordering Information
Speed (MHz) Power Supply Ordering Code Package Operation Range

ATmegal6L-8AU™Y 44A Industrial

8 2.7V - 5.5V ATmegal6L-8PUY 40P6 (-40°C to 85°C)
ATmegal6L-8MU® 44aM1
ATmega16-16AU™ 44A Industrial

16 4.5V - 5.5V ATmegal6-16PUY 40P6 (-40°C to 85°C)
ATmegal6-16MU® 44M1

Note: 1. Pb-free packaging complies to the European Directive for Restriction of Hazardous Substances (RoHS directive). Also
Halide free and fully Green.

Package Type

44A 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad Flat Package (TQFP)
40P6 40-pin, 0.600” Wide, Plastic Dual Inline Package (PDIP)
44M1 44-pad, 7 x 7 x 1.0 mm body, lead pitch 0.50 mm, Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)

2466T-AVR-07/10
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ATmegal6(L) Rev.
K

2466T-AVR-07/10

Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnalog Comparator
before the first conversion.

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

Problem Fix / Workaround

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).

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are

replaced by all-ones during Update-DR.

Problem Fix / Workaround

— If ATmegalé6 is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmegal6 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan

chain. Issue the BYPASS instruction to the ATmegal6 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmegal6 must be the fist device in the chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix / Workaround
Always use OUT or SBI to set EERE in EECR.

First Analog Comparator conversion may be delayed

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

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising V¢, the first Analog Comparator conversion will
take longer than expected on some devices.

Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnalog Comparator
before the first conversion.

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

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