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Moving Interrupts Between
Application and Boot Space

MCU Control Register —
MCUCR

2573G-AVR-07/09

When the BOOTRST Fuse is programmed, the Boot section size set to 2K bytes and the
IVSEL bit in the MCUCR Register is set before any interrupts are enabled, the most typ-
ical and general program setup for the Reset and Interrupt Vector Addresses is:

Address Labels Code Comments

.org 0x1CO00

0x1C00 Jjmp RESET ; Reset handler

0x1C02 Jjmp EXT_INTO ; IRQO Handler

0x1co04 Jjmp PCINTO ; PCINTO Handler

0xlc2cC Jjmp SPM_RDY ; Store Program Memory Ready Handler
0x1C2E RESET: 1di rl6,high (RAMEND) ; Main program start

0x1C2F out SPH,rl6 ; Set Stack Pointer to top of RAM
0x1C30 1di r1l6, low (RAMEND)

0x1c31 out SPL,rl6

0x1C32 seil ; Enable interrupts

0x1C33 <instr> xxx

The General Interrupt Control Register controls the placement of the Interrupt Vector
table.

Bit 7 6 5 4 3 2 1 0

| 40 - - PUD - - IVSEL IVCE | mcucr
Read/Write R/W R R R/W R R R/W R/W
Initial Value 0 0 0 0 0 0 0 0

e Bit 1 - IVSEL: Interrupt Vector Select

When the IVSEL bit is cleared (zero), the Interrupt Vectors are placed at the start of the
Flash memory. When this bit is set (one), the Interrupt Vectors are moved to the begin-
ning of the Boot Loader section of the Flash. The actual address of the start of the Boot
Flash Section is determined by the BOOTSZ Fuses. Refer to the section “Boot Loader
Support — Read-While-Write Self-Programming” on page 232 for details. To avoid unin-
tentional changes of Interrupt Vector tables, a special write procedure must be followed
to change the IVSEL bit:

1.Write the Interrupt Vector Change Enable (IVCE) bit to one.

2.Within four cycles, write the desired value to IVSEL while writing a zero to
IVCE.

Interrupts will automatically be disabled while this sequence is executed. Interrupts are
disabled in the cycle IVCE is set, and they remain disabled until after the instruction fol-
lowing the write to IVSEL. If IVSEL is not written, interrupts remain disabled for four
cycles. The I-bit in the Status Register is unaffected by the automatic disabling.

Note:  If Interrupt Vectors are placed in the Boot Loader section and Boot Lock bit BLBO2 is pro-
grammed, interrupts are disabled while executing from the Application section. If
Interrupt Vectors are placed in the Application section and Boot Lock bit BLB12 is pro-
gramed, interrupts are disabled while executing from the Boot Loader section. Refer to
the section “Boot Loader Support — Read-While-Write Self-Programming” on page 232
for details on Boot Lock bits.

e Bit 0 — IVCE: Interrupt Vector Change Enable

ATMEL 19
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Toggling the Pin

Switching Between Input and
Output

Reading the Pin Value
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Writing a logic one to PINxn toggles the value of PORTxn, independent on the value of
DDRxn. Note that the SBI instruction can be used to toggle one single bit in a port.

When switching between tri-state ({DDxn, PORTxn} = 0b00) and output high ({DDxn,
PORTxn} = Ob11), an intermediate state with either pull-up enabled {DDxn, PORTxn} =
0b01) or output low ({DDxn, PORTxn} = 0b10) must occur. Normally, the pull-up
enabled state is fully acceptable, as a high-impedant environment will not notice the dif-
ference between a strong high driver and a pull-up. If this is not the case, the PUD bit in
the MCUCR Register can be set to disable all pull-ups in all ports.

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} = 0b11) as an intermediate step.

Table 25 summarizes the control signals for the pin value.

Table 25. Port Pin Configurations

DDxn | PORTxn | (in I\|I:I’gl[J)CR) /0 Pull-up | Comment
0 0 X Input No Tri-state (Hi-2)
Pxn will source current if ext. pulled
0 1 0 Input Yes low.
0 1 1 Input No Tri-state (Hi-2)
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 constitute 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,q 1ax @nd tyg min
respectively.

Figure 24. Synchronization when Reading an Externally Applied Pin value

systTeMok [ 1 L LI 1.
INSTRUCTIONS X __ax X xix X _nnrme X

SYNC LATCH v
PINXn : '
r17 OxOOé X OXFF
:4 tpd, max . ‘
tpd, min
| o
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how waveforms are generated on the Output Compare outputs OC1x. For more details
about advanced counting sequences and waveform generation, see “Modes of Opera-
tion” on page 103.

The Timer/Counter Overflow Flag (TOV1) is set according to the mode of operation
selected by the WGM13:0 bits. TOV1 can be used for generating a CPU interrupt.

Input Capture Unit The Timer/Counter incorporates an Input Capture unit that can capture external events
and give them a time-stamp indicating time of occurrence. The external signal indicating
an event, or multiple events, can be applied via the ICP1 pin or alternatively, via the
analog-comparator unit. The time-stamps can then be used to calculate frequency, duty-
cycle, and other features of the signal applied. Alternatively the time-stamps can be
used for creating a log of the events.

The Input Capture unit is illustrated by the block diagram shown in Figure 42. The ele-
ments of the block diagram that are not directly a part of the Input Capture unit are gray
shaded. The small “n” in register and bit names indicates the Timer/Counter number.
Figure 42. Input Capture Unit Block Diagram

DATA BUS (s-bit)

= t '} >
[ TEMP @b |
ICRnH (8-bity [  ICRnL (8-bit) | [ TCNTnH(s-bity |  TCNTAL (8-bit) |
» WRITE ICRn (16-bit Register) TCNTR (16-bit Counter)
* Aco* Acic* ICNC ICES
~ Analog ¢ ¢
Comparator el )
Noise o Edge _
Canceler Detector - ICFn (Int.Req.)
ICPn >

When a change of the logic level (an event) occurs on the Input Capture pin (ICP1),
alternatively on the Analog Comparator output (ACO), and this change confirms to the
setting of the edge detector, a capture will be triggered. When a capture is triggered, the
16-bit value of the counter (TCNT1) is written to the Input Capture Register (ICR1). The
Input Capture Flag (ICF1) is set at the same system clock as the TCNT1 value is copied
into ICR1 Register. If enabled (ICIE1 = 1), the Input Capture Flag generates an Input
Capture interrupt. The ICF1 Flag is automatically cleared when the interrupt is executed.
Alternatively the ICF1 Flag can be cleared by software by writing a logical one to its I/O
bit location.

Reading the 16-bit value in the Input Capture Register (ICR1) is done by first reading the
low byte (ICR1L) and then the high byte (ICR1H). When the low byte is read the high
byte is copied into the high byte temporary register (TEMP). When the CPU reads the
ICR1H /O location it will access the TEMP Register.

2573G-AVR-07/09
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Timer/Counter1 Control
Register C - TCCR1C

2573G-AVR-07/09

(ICF1), and this can be used to cause an Input Capture Interrupt, if this interrupt is
enabled.

When the ICR1 is used as TOP value (see description of the WGM13:0 bits located in
the TCCR1A and the TCCR1B Register), the ICP1 is disconnected and consequently
the Input Capture 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 TCCR1B is written.

¢ Bit 4:3 - WGM13:2: Waveform Generation Mode

See TCCR1A Register description.

¢ Bit 2:0 - CS12:0: Clock Select

The three Clock Select bits select the clock source to be used by the Timer/Counter, see
Figure 49 and Figure 50.

Table 52. Clock Select Bit Description
CS12 CS11 CS10 | 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 T1 pin. Clock on falling edge.
1 1 1 External clock source on T1 pin. Clock on rising edge.

If external pin modes are used for the Timer/Counter1, transitions on the T1 pin will
clock the counter even if the pin is configured as an output. This feature allows software
control of the counting.

Bit 7 6 5 4 3 2 1 0
| Focia | FociB - - | Tceric

Read/Write R/W R/W

Initial Value 0 0 0 0 0 0 0 0

e Bit 7 - FOC1A: Force Output Compare for Unit A

e Bit 6 — FOC1B: Force Output Compare for Unit B

The FOC1A/FOC1B bits are only active when the WGM13:0 bits specifies a non-PWM
mode. However, for ensuring compatibility with future devices, these bits must be set to
zero when TCCR1A is written when operating in a PWM mode. When writing a logical
one to the FOC1A/FOC1B bit, an immediate compare match is forced on the Waveform
Generation unit. The OC1A/OC1B output is changed according to its COM1x1:0 bits
setting. Note that the FOC1A/FOC1B bits are implemented as strobes. Therefore it is
the value present in the COM1x1:0 bits that determine the effect of the forced compare.

A mEl% 116
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Phase Correct PWM Mode

2573G-AVR-07/09

The Timer/Counter Overflow Flag (TOV2) is set each time the counter reaches MAX. If
the interrupt is enabled, the interrupt handler routine can be used for updating the com-
pare value.

In fast PWM mode, the compare unit allows generation of PWM waveforms on the
OC2A pin. Setting the COM2A1:0 bits to two will produce a non-inverted PWM and an
inverted PWM output can be generated by setting the COM2A1:0 to three (See Table 56
on page 132). The actual OC2A value will only be visible on the port pin if the data direc-
tion for the port pin is set as output. The PWM waveform is generated by setting (or
clearing) the OC2A Register at the compare match between OCR2A and TCNT2, and
clearing (or setting) the OC2A Register at the timer clock cycle the counter is cleared
(changes from MAX to BOTTOM).

The PWM frequency for the output can be calculated by the following equation:

P _ Jek 1o
OCnxPWM — N - 256

The N variable represents the prescale factor (1, 8, 32, 64, 128, 256, or 1024).

The extreme values for the OCR2A Register represent special cases when generating a
PWM waveform output in the fast PWM mode. If the OCR2A is set equal to BOTTOM,
the output will be a narrow spike for each MAX+1 timer clock cycle. Setting the OCR2A
equal to MAX will result in a constantly high or low output (depending on the polarity of
the output set by the COM2A1:0 bits.)

A frequency (with 50% duty cycle) waveform output in fast PWM mode can be achieved
by setting OC2A to toggle its logical level on each compare match (COM2A1:0 = 1). The
waveform generated will have a maximum frequency of f,., = f ;,0/2 when OCR2A is
set to zero. This feature is similar to the OC2A toggle in CTC mode, except the double
buffer feature of the Output Compare unit is enabled in the fast PWM mode.

The phase correct PWM mode (WGM21:0 = 1) provides a high resolution phase correct
PWM waveform generation option. The phase correct PWM mode is based on a dual-
slope operation. The counter counts repeatedly from BOTTOM to MAX and then from
MAX to BOTTOM. In non-inverting Compare Output mode, the Output Compare (OC2A)
is cleared on the compare match between TCNT2 and OCR2A while upcounting, and
set on the compare match while downcounting. In inverting Output Compare mode, the
operation is inverted. The dual-slope operation has lower maximum operation frequency
than single slope operation. However, due to the symmetric feature of the dual-slope
PWM modes, these modes are preferred for motor control applications.

The PWM resolution for the phase correct PWM mode is fixed to eight bits. In phase
correct PWM mode the counter is incremented until the counter value matches MAX.
When the counter reaches MAX, it changes the count direction. The TCNT2 value will
be equal to MAX for one timer clock cycle. The timing diagram for the phase correct
PWM mode is shown on Figure 59. The TCNT2 value is in the timing diagram shown as
a histogram for illustrating the dual-slope operation. The diagram includes non-inverted
and inverted PWM outputs. The small horizontal line marks on the TCNT2 slopes repre-
sent compare matches between OCR2A and TCNT2.

A mEl% 127
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Parity Checker

Disabling the Receiver

Flushing the Receive Buffer

Asynchronous Data
Reception

2573G-AVR-07/09

The Parity Checker is active when the high USART Parity mode (UPM1) bit is set. Type
of Parity Check to be performed (odd or even) is selected by the UPMO bit. When
enabled, the Parity Checker calculates the parity of the data bits in incoming frames and
compares the result with the parity bit from the serial frame. The result of the check is
stored in the receive buffer together with the received data and stop bits. The Parity
Error (UPE) Flag can then be read by software to check if the frame had a Parity Error.

The UPE bit is set if the next character that can be read from the receive buffer had a
Parity Error when received and the Parity Checking was enabled at that point (UPM1 =
1). This bit is valid until the receive buffer (UDR) is read.

In contrast to the Transmitter, disabling of the Receiver will be immediate. Data from
ongoing receptions will therefore be lost. When disabled (i.e., the RXEN is set to zero)
the Receiver will no longer override the normal function of the RxD port pin. The
Receiver buffer FIFO will be flushed when the Receiver is disabled. Remaining data in
the buffer will be lost

The receiver buffer FIFO will be flushed when the Receiver is disabled, i.e., the buffer
will be emptied of its contents. Unread data will be lost. If the buffer has to be flushed
during normal operation, due to for instance an error condition, read the UDR I/O loca-
tion until the RXC Flag is cleared. The following code example shows how to flush the
receive buffer.

Assembly Code Example("

USART _Flush:
sbis UCSRA, RXC
ret
in rl6, UDR
rjmp USART Flush

C Code Example"

void USART_Flush( void )
{
unsigned char dummy;

while ( UCSRA & (1<<RXC) ) dummy = UDR;

Note: 1. See “About Code Examples” on page 6.

The USART includes a clock recovery and a data recovery unit for handling asynchro-
nous data reception. The clock recovery logic is used for synchronizing the internally
generated baud rate clock to the incoming asynchronous serial frames at the RxD pin.
The data recovery logic samples and low pass filters each incoming bit, thereby improv-
ing the noise immunity of the Receiver. The asynchronous reception operational range
depends on the accuracy of the internal baud rate clock, the rate of the incoming
frames, and the frame size in number of bits.
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Table 73. Examples of UBRR Settings for Commonly Used Oscillator Frequencies (Continued)

fosc = 3.6864 MHz fosc = 4.0000 MHz fosc = 7.3728 MHz

paud U2X =0 U2X = 1 U2X = 0 U2X = 1 U2X = 0 U2X = 1
(bps) UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% 383 0.0%
4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14.4k 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2k 11 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8k 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
38.4k 5 0.0% 11 0.0% 6 -7.0% 12 0.2% 11 0.0% 23 0.0%
57.6k 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8k 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 11 0.0%
115.2k 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4k 0 0.0% 1 0.0% 0 8.5% 1 8.5% 1 0.0% 3 0.0%
250k 0 -7.8% 1 -7.8% 0 0.0% 1 0.0% 1 -7.8% 3 -7.8%
0.5M - - 0 -7.8% - - 0 0.0% 0 -7.8% 1 -7.8%
1M - - - - - - - - - - 0 -7.8%
Max. (" 230.4 kbps 460.8 kbps 250 kbps 0.5 Mbps 460.8 kbps 921.6 kbps

1. UBRR =0, Error = 0.0%

A mEl% 172
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Analog Comparator
Multiplexed Input

Digital Input Disable Register

1 - DIDR1

2573G-AVR-07/09

It is possible to select any of the ADC7..0 pins to replace the negative input to the Ana-
log Comparator. The ADC multiplexer is used to select this input, and consequently, the
ADC must be switched off to utilize this feature. If the Analog Comparator Multiplexer
Enable bit (ACME in ADCSRB) is set and the ADC is switched off (ADEN in ADCSRA is
zero), MUX2..0 in ADMUX select the input pin to replace the negative input to the Ana-
log Comparator, as shown in Table 79. If ACME is cleared or ADEN is set, AIN1 is
applied to the negative input to the Analog Comparator.

Table 79. Analog Comparator Multiplexed Input

ACME ADEN MUX2..0 Analog Comparator Negative Input

0 X XXX AIN1

1 1 XXX AIN1

1 0 000 ADCO

1 0 001 ADC1

1 0 010 ADC2

1 0 011 ADC3

1 0 100 ADC4

1 0 101 ADC5

1 0 110 ADC6

1 0 111 ADC7
Bit 7 6 5 4 3 2 1 0

| - - AIN1D | AINOD | DIDR1

Read/Write R R R R R R RW 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 corresponding 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 written logic one to reduce power consumption in the digital
input buffer.
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ADC Control and Status
Register A - ADCSRA

2573G-AVR-07/09

Bit 7 6 5 4 3 2 1 0

I ADEN ADSC ADATE ADIF ADIE ADPS2 | ADPS1 | ADPSO I ADCSRA
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 - ADEN: ADC Enable

Writing this bit to one enables the ADC. By writing it to zero, the ADC is turned off. Turn-
ing the ADC off while a conversion is in progress, will terminate this conversion.

¢ Bit 6 — ADSC: ADC Start Conversion

In Single Conversion mode, write this bit to one to start each conversion. In Free Run-
ning mode, write this bit to one to start the first conversion. The first conversion after
ADSC has been written after the ADC has been enabled, or if ADSC is written at the
same time as the ADC is enabled, will take 25 ADC clock cycles instead of the normal
13. This first conversion performs initialization of the ADC.

ADSC will read as one as long as a conversion is in progress. When the conversion is
complete, it returns to zero. Writing zero to this bit has no effect.

* Bit 5 - ADATE: ADC Auto Trigger Enable

When this bit is written to one, Auto Triggering of the ADC is enabled. The ADC will start
a conversion on a positive edge of the selected trigger signal. The trigger source is
selected by setting the ADC Trigger Select bits, ADTS in ADCSRB.

* Bit 4 — ADIF: ADC Interrupt Flag

This bit is set when an ADC conversion completes and the Data Registers are updated.
The ADC Conversion Complete Interrupt is executed if the ADIE bit and the I-bit in
SREG are set. ADIF is cleared by hardware when executing the corresponding interrupt
handling vector. Alternatively, ADIF is cleared by writing a logical one to the flag.
Beware that if doing a Read-Modify-Write on ADCSRA, a pending interrupt can be dis-
abled. This also applies if the SBI and CBI instructions are used.

e Bit 3 — ADIE: ADC Interrupt Enable

When this bit is written to one and the I-bit in SREG is set, the ADC Conversion Com-
plete Interrupt is activated.
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JTAG Interface and
On-chip Debug
System

Features

Overview

Test Access Port — TAP

2573G-AVR-07/09

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 Break Points on Single Address or Address Range

—Data Memory Break Points 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
* Testing PCBs by using the JTAG Boundary-scan capability

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

e On-chip debugging

A brief description is given in the following sections. Detailed descriptions for Program-
ming via the JTAG interface, and using the Boundary-scan Chain can be found in the
sections “Programming via the JTAG Interface” on page 266 and “IEEE 1149.1 (JTAG)
Boundary-scan” on page 212, respectively. The On-chip Debug support is considered
being private JTAG instructions, and distributed within ATMEL and to selected third
party vendors only.

Figure 97 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 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:

e TMS: Test mode select. This pin is used for navigating through the TAP-controller
state machine.

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

e 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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Scanning the RESET Pin
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Figure 102. General Port Pin Schematic Diagram
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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 Fig-
ure 103 is inserted both for the 5V reset signal; RSTT, and the 12V reset signal;

RSTHV.

Figure 103. Observe-only Cell
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Table 90. ATmega165 Boundary-scan Order (Continued)

Bit Number | Signal Name Module
168 MUXEN_3 ADC
167 MUXEN_2

166 MUXEN_1

165 MUXEN_O

164 NEGSEL_2

163 NEGSEL_1

162 NEGSEL_O

161 PASSEN

160 PRECH

159 ST

158 VCCREN

157 PEO.Data Port E
156 PEO.Control

155 PEO.Pull-up_Enable

154 PE1.Data

153 PE1.Control

152 PE1.Pull-up_Enable

151 PE2.Data

150 PE2.Control

149 PE2.Pull-up_Enable

148 PE3.Data

147 PE3.Control

146 PES.Pull-up_Enable

145 PE4.Data

144 PE4.Control

143 PE4.Pull-up_Enable

142 PE5.Data

141 PE5.Control

140 PES5.Pull-up_Enable

139 PE6.Data

138 PE6.Control

137 PE6.Pull-up_Enable

136 PE7.Data

135 PE7.Control

134 PE7.Pull-up_Enable

133 PBO0.Data Port B
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Table 90. ATmega165 Boundary-scan Order (Continued)

Bit Number | Signal Name Module
96 EXTCLK (XTAL1) Clock input and Oscillators for the main
9 OSCCK ?(lggls(erve-only)
94 RCCK

93 0OSC32CK

92 PDO0.Data Port D
91 PDO.Control

90 PDO.Pull-up_Enable

89 PD1.Data

88 PD1.Control

87 PD1.Pull-up_Enable

86 PD2.Data

85 PD2.Control

84 PD2.Pull-up_Enable

83 PD3.Data

82 PD3.Control

81 PD3.Pull-up_Enable

80 PD4.Data

79 PD4.Control

78 PD4.Pull-up_Enable

77 PD5.Data

76 PD5.Control

75 PD5.Pull-up_Enable

74 PD6.Data

73 PD6.Control

72 PD6.Pull-up_Enable

71 PD7.Data

70 PD7.Control

69 PD7.Pull-up_Enable

68 PGO0.Data Port G
67 PGO0.Control

66 PGO.Pull-up_Enable

65 PG1.Data

64 PG1.Control

63 PG1.Pull-up_Enable

62 PCO0.Data Port C
61 PCO0.Control
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Figure 111. Parallel Programming

+5V
RDY/BSY «— PD1
Yele
OE ——>»| PD2 +5V
WR —>{ PD3 AVGG

BS1 ——» PD4
XAO D5 PBY7 - PBO [« DATA
XAl ——»| PD6

PAGEL ——»{ PD7

+12V —— ] RESET
BS2 ——»| PAO

——>» XTAL1

I -

Table 107. Pin Name Mapping

Signal Name in
Programming Mode | Pin Name | I/O | Function
RDY/BSY PD1 o 0: Device is busy programming, 1: Device is ready
for new command.
OE PD2 | | Output Enable (Active low).
WR PD3 | | Write Pulse (Active low).
BS1 PD4 | Byte Select 1 (“0” selects low byte, “1” selects high
byte).
XA0 PD5 | XTAL Action Bit 0
XA1 PD6 | XTAL Action Bit 1
PAGEL PD7 | Program Memory and EEPROM data Page Load.
BS2 PAO | B_yte Select 2 (“0” selects low byte, “1” selects 2’'nd
high byte).
DATA PB7-0 I/O | Bi-directional Data bus (Output when OE is low).
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Programming Command The Programming Command Register is a 15-bit register. This register is used to seri-
Register ally shift in programming commands, and to serially shift out the result of the previous
command, if any. The JTAG Programming Instruction Set is shown in Table 115. The
state sequence when shifting in the programming commands is illustrated in Figure 125.

Figure 124. Programming Command Register

TDI

1

GCmM®WODA®

Flash
EEPROM
Fuses
Lock Bits

>H4>»0~0OMD OO >

AIMEL 270
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Table 118. SPI Timing Parameters

Description Mode Min Typ Max
13 Setup Slave 10
14 Hold Slave tex
15 SCK to out Slave 15
— ns
16 SCK to SS high Slave 20
17 SS high to tri-state Slave 10
18 SS low to SCK Slave 20 oty
ote:r 1. In SPIProgramming mode the minimum SCK high/Iow period 1s:
-2t o for fox < 12 MHz
-3 tCLCL for fCK > 12 MHz
Figure 130. SPI Interface Timing Requirements (Master Mode)
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4 5 3
[ -t
MISO j: X
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Figure 131. SPI Interface Timing Requirements (Slave Mode)
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ATmega165 Typical
Characteristics

Active Supply Current

2573G-AVR-07/09

The following charts show typical behavior. These figures are not tested during manu-
facturing. All current consumption measurements are performed with all I/O pins
configured as inputs and with internal pull-ups enabled. A sine wave generator with rail-
to-rail output is used as clock source.

All Active- and Idle current consumption measurements are done with all bits in the PRR
register set and thus, the corresponding I/O modules are turned off. Also the Analog
Comparator is disabled during these measurements. Table 120 and Table 121 on page
290 show the additional current consumption compared to I Active and I Idle for
every I/0O module controlled by the Power Reduction Register. See “Power Reduction
Register” on page 34 for details.

The power consumption in Power-down mode is independent of clock selection.

The current consumption is a function of several factors such as: operating voltage,
operating frequency, loading of I/O pins, switching rate of I/O pins, code executed and
ambient temperature. The dominating factors are operating voltage and frequency.

The current drawn from capacitive loaded pins may be estimated (for one pin) as
C_*Vc*f where C| = load capacitance, V¢ = operating voltage and f = average switch-
ing frequency of I/O pin.

The parts are characterized at frequencies higher than test limits. Parts are not guaran-
teed to function properly at frequencies higher than the ordering code indicates.

The difference between current consumption in Power-down mode with Watchdog
Timer enabled and Power-down mode with Watchdog Timer disabled represents the dif-
ferential current drawn by the Watchdog Timer.

Figure 132. Active Supply Current vs. Frequency (0.1 - 1.0 MHz)
ACTIVE SUPPLY CURRENT vs. FREQUENCY
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Figure 135. Active Supply Current vs. V¢ (Internal RC Oscillator, 1 MHz)
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Figure 136. Active Supply Current vs. V¢ (32 kHz Watch Crystal)
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Idle Supply Current Figure 137. Idle Supply Current vs. Frequency (0.1 - 1.0 MHz)
IDLE SUPPLY CURRENT vs. FREQUENCY
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Figure 138. Idle Supply Current vs. Frequency (1 - 20 MHz)
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Packaging Information

64A

PIN 1

et
H 10000000000
!

(OATATATnL

PIN 1 IDENTIFIER

quouuonon

¢

Toooornon

¢ W 07 If ) 1 * v
f%jw Paliniiiniiisal ! i
j A1J‘ A2 tA
- L
COMMON DIMENSIONS
(Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
At 0.05 - 0.15
A2 0.95 1.00 1.05
D 1575 | 16.00 | 16.25
D1 13.90 | 14.00 | 14.10 | Note 2
E 1575 | 16.00 | 16.25
Notes:
1.This package conforms to JEDEC reference MS-026, Variation AEB. Et 13.90 14.00 | 14.10 | Note2
2. Dimensions D1 and E1 do not include mold protrusion. Allowable B 0.30 - 0.45
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum c 0.09 0.20
plastic body size dimensions including mold mismatch. . - .
3. Lead coplanarity is 0.10 mm maximum. L 0.45 - 0.75
e 0.80 TYP
10/5/2001

ATmEL

2325 Orchard Parkway
San Jose, CA 95131

TITLE

64A, 64-lead, 14 x 14 mm Body Size, 1.0 mm Body Thickness,
0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)

DRAWING NO. |REV.

64A

B
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