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Clock Options The device has the following clock source options, selectable by Flash Fuse bits as
shown:

Table 1. Device Clocking Options Select®

Device Clocking Option CKSEL3..0
External Crystal/Ceramic Resonator 1111 -1010
External Low-frequency Crystal 1001 - 1000
External RC Oscillator 0111-0101
Internal RC Oscillator 0100 - 0010
External Clock 0001 - 0000

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

The various choices for each clocking option give different start-up times as shown in
Table 6 on page 27.

Internal RC Oscillator The internal RC Oscillator option is an On-chip Oscillator running at a fixed frequency of
nominally 1 MHz. If selected, the device can operate with no external components. See
“Calibrated Internal RC Oscillator” on page 41 for information on calibrating this
Oscillator.

Crystal Oscillator XTAL1 and XTAL?2 are input and output, respectively, of an inverting amplifier which can
be configured for use as an On-chip Oscillator, as shown in Figure 2. Either a quartz
crystal or a ceramic resonator may be used.

Figure 2. Oscillator Connections
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e Bit 6 — TOIE2: Timer/Counter2 Overflow Interrupt Enable

When the TOIE2 bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counter2 Overflow interrupt is enabled. The corresponding interrupt is executed if
an overflow in Timer/Counter2 occurs, i.e., when the TOV2 bit is set in the
Timer/Counter Interrupt Flag Register — TIFR.

e Bit 5-TICIEL: Timer/Counterl Input Capture Interrupt Enable

When the TICIE1 bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counterl Input Capture Event Interrupt is enabled. The corresponding interrupt is
executed if a capture triggering event occurs on PD6 (ICP), i.e., when the ICF1 bit is set
in the Timer/Counter Interrupt Flag Register — TIFR.

e Bit 4 — OCIE1A: Timer/Counterl Output Compare A Match Interrupt Enable

When the OCIE1A bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counterl Compare A Match interrupt is enabled. The corresponding interrupt is
executed if a Compare A Match in Timer/Counterl occurs, i.e., when the OCF1A bit is
set in the Timer/Counter Interrupt Flag Register — TIFR.

e Bit 3-OCIE1B: Timer/Counterl Output Compare B Match Interrupt Enable

When the OCIE1B bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counterl Compare B Match interrupt is enabled. The corresponding interrupt is
executed if a Compare B Match in Timer/Counterl occurs, i.e., when the OCF1B bit is
set in the Timer/Counter Interrupt Flag Register — TIFR.

e Bit 2 - TOIEL: Timer/Counterl Overflow Interrupt Enable

When the TOIEL1 bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counterl Overflow interrupt is enabled. The corresponding interrupt is executed if
an overflow in Timer/Counterl occurs, i.e., when the TOV1 bit is set in the
Timer/Counter Interrupt Flag Register — TIFR.

e Bit 1 — OCIEO: Timer/Counter0 Output Compare Match Interrupt Enable

When the OCIEO bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counter0 Compare Match interrupt is enabled. The corresponding interrupt is
executed if a Compare0 Match in Timer/CounterO occurs, i.e., when the OCFO bit is set
in the Timer/Counter Interrupt Flag Register - TIFR.

e Bit 0 — TOIEO: Timer/CounterQ Overflow Interrupt Enable

When the TOIEO bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counter0 Overflow interrupt is enabled. The corresponding interrupt is executed if
an overflow in Timer/Counter0 occurs, i.e. when the TOVO bit is set in the Timer/Counter
Interrupt Flag Register — TIFR.

AIMEL 3
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Power-down Mode

Power-save Mode

Standby Mode

Extended Standby Mode

ATMEL

When the SM2..0 bits are 010, the SLEEP instruction makes the MCU enter Power-
down mode. In this mode, the external Oscillator is stopped, while the external inter-
rupts, the Two-wire Serial Interface address watch, and the Watchdog continue
operating (if enabled). Only an External Reset, a Watchdog Reset, an Two-wire Serial
Interface address match interrupt, an external level interrupt on INTO or INT1, or an
external edge interrupt on INT2 can wake up the MCU.

Note that if a level triggered interrupt is used for wake-up from Power-down mode, the
changed level must be held for some time to wake up the MCU. This makes the MCU
less sensitive to noise. The changed level is sampled twice by the Watchdog Oscillator
clock, and if the input has the required level during this time, the MCU will wake up. The
period of the Watchdog Oscillator is 1 pus (hominal) at 5.0V and 25°C. The frequency of
the Watchdog Oscillator is voltage dependent as shown in the Electrical Characteristics
section.

When waking up from Power-down mode, there is a delay from the wake-up condition
occurs until the wake-up becomes effective. This allows the clock to restart and become
stable after having been stopped. The wake-up period is defined by the same CKSEL
Fuses that define the Reset Time-out Period, as seen in Table 6 on page 27.

When the SM2..0 bits are 011, the SLEEP instruction forces the MCU into the Power-
save mode. This mode is identical to Power-down, with one exception:

If Timer/Counter2 is clocked asynchronously, i.e., the AS2 bit in ASSR is set,
Timer/Counter2 will run during sleep. The device can wake up from either Timer Over-
flow or Output Compare event from Timer/Counter2 if the corresponding
Timer/Counter2 interrupt enable bits are set in TIMSK, and the Global Interrupt Enable
bit in SREG is set.

If the asynchronous timer is NOT clocked asynchronously, Power-down mode is recom-
mended instead of Power-save mode because the contents of the registers in the
asynchronous timer should be considered undefined after wake-up in Power-save mode
if AS2is 0.

When the SM2..0 bits are 110 and an external crystal/resonator clock option is selected,
the SLEEP instruction forces the MCU into the Standby mode. This mode is identical to
Power-down with the exception that the Oscillator is kept running. From Standby mode,
the device wakes up in only six clock cycles.

When the SM2..0 bits are 111 and an external crystal/resonator clock option is selected,
the SLEEP instruction forces the MCU into the Extended Standby mode. This mode is
identical to Power-save mode with the exception that the Oscillator is kept running.
From Extended Standby mode, the device wakes up in only six clock cycles.

40 ATMega323 (L) mmmm—
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Timer/CounterO Control
Register —- TCCRO

Timer/Counter2 Control
Register —- TCCR2

1457G-AVR-09/03

Timer/Counter0 and 2 can also be used as 8-bit Pulse Width Modulators. In this mode,
the Timer/Counter and the Output Compare Register serve as a glitch-free, stand-alone
PWM with centered pulses. Refer to page 49 for a detailed description on this function.

Bit 7 6 5 4 3 2 1 0
$33 ($53) I FOCO PWMO CcOomMo1 COMO00 CTCO CSs02 Cs01 CS00 I TCCRO
Read/Write R/IW RIW RIW RIW RIW RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
$25 ($45) I FOC2 PWM2 Ccom21 COM20 CTC2 Cs22 Cs21 CS20 I TCCR2
Read/Write R/W R/W R/W R/W R/W R/W R/IW R/W
Initial Value 0 0 0 0 0 0 0 0

e Bit 7 - FOCO/FOC2: Force Output Compare

Writing a logical one to this bit, forces a change in the Compare Match output pin PB3
(Timer/Counter0) and PD7 (Timer/Counter2) according to the values already set in
COMnN1 and COMNO. If the COMn1 and COMNO bits are written in the same cycle as
FOCO/FOC2, the new settings will not take effect until next Compare Match or Forced
Output Compare Match occurs. The Force Output Compare bit can be used to change
the output pin without waiting for a Compare Match in the timer. The automatic action
programmed in COMn1 and COMNO happens as if a Compare Match had occurred, but
no interrupt is generated and the Timer/Counters will not be cleared even if CTCO/CTC2
is set. The corresponding I/0O pin must be set as an output pin for the FOCO/FOC?2 bit to
have effect on the pin. The FOCO/FOC2 bits will always be read as zero. Setting the
FOCO/FOC2 bits has no effect in PWM mode.

* Bit 6 - PWMO/PWM2: Pulse Width Modulator Enable
When set (one) this bit enables PWM mode for Timer/CounterO or Timer/Counter2. This
mode is described on page 49.

e Bits 5,4 - COMO01, COM00O/COM21, COM20: Compare Output Mode, Bits 1 and 0

The COMn1 and COMNO control bits determine any output pin action following a com-
pare match in Timer/CounterO or Timer/Counter2. Output pin actions affect pins
PB3(OCO0) or PD7(0OC2). This is an alternative function to an I/O port, and the corre-
sponding direction control bit must be set (one) to control an output pin. The control
configuration is shown in Table 12.

Table 12. Compare Mode Select®

COMn1®@ COMnO Description

0 0 Timer/Counter Disconnected from Output Pin OCn

0 1 Toggle the OCn Output Line.

1 0 Clear the OCn Output Line (to Zero).

1 1 Set the OCn Output Line (to One).

Notes: 1. In PWM mode, these bits have a different function. Refer to Table 15 for a
description.
2. n=0or2

AIEL 47
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Timer/Counterl Control
Register A — TCCR1A

ATMEL

Bit 7 6 5 4 3 2 1 0
$2F ($4F) I COM1A1 | COM1A0 | COM1B1 | COM1BO | FOC1A FOC1B PWM11 | PWM10 I TCCR1A
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

» Bits 7,6 — COM1A1, COM1A0: Compare Output ModelA, Bits 1 and O

The COM1A1 and COM1AO control bits determine any output pin action following a
Compare Match in Timer/Counterl. Any output pin actions affect pin OC1A — Output
Compare A. This is an alternative function to an 1/O port, and the corresponding direc-
tion control bit must be set (one) to control an output pin. The control configuration is
shown in Table 10.

e Bits 5,4—- COM1B1, COM1B0: Compare Output ModelB, Bits 1 and 0

The COM1B1 and COM1BO0 control bits determine any output pin action following a
Compare Match in Timer/Counterl. Any output pin actions affect pin OC1B — Output
Compare B. This is an alternative function to an 1/O port, and the corresponding direc-
tion control bit must be set (one) to control an output pin. The control configuration is
shown in Table 10.

Table 17. Compare 1 Mode Select®

COM1X1 COM1XO0 Description
0 0 Timer/Counterl Disconnected from Output Pin OC1X
0 1 Toggle the OC1X Output Line.
1 0 Clear the OC1X Output Line (to Zero).
1 1 Set the OC1X Output Line (to One).

Note: 1. X=AorB.

In PWM mode, these bits have a different function. Refer to Table 22 for a description.

e Bit 3-FOC1A: Force Output Compare 1A

Writing a logical one to this bit, forces a change in the Compare Match output pin PD5
according to the values already set in COM1A1 and COM1AQO. If the COM1A1 and
COMZ1AO bits are written in the same cycle as FOC1A, the new settings will not take
effect until next Compare Match or Forced Compare Match occurs. The Force Output
Compare bit can be used to change the output pin without waiting for a Compare Match
in the timer. The automatic action programmed in COM1A1 and COM1AO happens as if
a Compare Match had occurred, but no interrupt is generated and it will not clear the
timer even if CTC1 in TCCR1B is set. The corresponding I/O pin must be set as an out-
put pin for the FOC1A bit to have effect on the pin. The FOC1A bit will always be read as
zero. The setting of the FOC1A bit has no effect in PWM mode.

e Bit 2 - FOC1B: Force Output Compare 1B

Writing a logical one to this bit, forces a change in the Compare Match output pin PD4
according to the values already set in COM1B1 and COM1BO. If the COM1B1 and
COM1BO bits are written in the same cycle as FOC1B, the new settings will not take
effect until next Compare Match or Forced Compare Match occurs. The Force Output
Compare bit can be used to change the output pin without waiting for a Compare Match
in the timer. The automatic action programmed in COM1B1 and COM1BO0 happens as if

56 ATMega323 (L) mmmm—
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Timer/Counterl Input Capture
Register — ICR1H and ICR1L

Timer/Counterl In PWM Mode

ATMEL

The TEMP Register is also used when accessing TCNT1 and ICRL1. If the main program
and also interrupt routines perform access to registers using TEMP, interrupts must be
disabled during access from the main program and interrupt routines.

Bit 15 14 13 12 11 10 9 8
$27 ($47) MSB ICR1H
$26 ($46) LSB ICR1L
7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

The Input Capture Register is a 16-bit read-only register.

When the rising or falling edge (according to the Input Capture Edge setting — ICES1) of
the signal at the Input Capture Pin — ICP — is detected, the current value of the
Timer/Counterl Register — TCNT1 —is transferred to the Input Capture Register — ICR1.
At the same time, the Input Capture Flag — ICF1 —is set (one).

Since the Input Capture Register — ICR1 — is a 16-bit register, a temporary register
TEMP is used when ICR1 is read to ensure that both bytes are read simultaneously.
When the CPU reads the Low Byte ICR1L, the data is sent to the CPU and the data of
the High Byte ICR1H is placed in the TEMP Register. When the CPU reads the data in
the High Byte ICR1H, the CPU receives the data in the TEMP Register. Consequently,
the Low Byte ICR1L must be accessed first for a full 16-bit register read operation.

The TEMP Register is also used when accessing TCNT1, OCR1A, and OCR1B. If the
main program and also interrupt routines accesses registers using TEMP, interrupts
must be disabled during access from the main program and interrupt routines.

When the PWM mode is selected, Timer/Counterl and the Output Compare RegisterlA
— OCR1A and the Output Compare RegisterlB — OCR1B, form a dual 8-, 9-, or 10-bit,
Free Running, Glitch-free, and phase correct PWM with outputs on the PD5(OC1A) and
PD4(OC1B) pins. In this mode, the Timer/Counterl acts as an up/down counter, count-
ing up from $0000 to TOP (see Table 21), where it turns and counts down again to zero
before the cycle is repeated. When the counter value matches the contents of the 8, 9,
or 10 least significant bits (depending on resolution) of OCR1A or OCR1B, the
PD5(0OC1A)/PD4(OC1B) pins are set or cleared according to the settings of the
COM1A1/COM1AO0 or COM1B1/COM1BO bits in the Timer/Counterl Control Register
TCCR1A. Refer to Table 17 on page 56 for details.

Alternatively, the Timer/Counterl can be configured to a PWM that operates at twice the
speed as in the mode described above. Then the Timer/Counterl and the Output Com-
pare RegisterlA — OCR1A and the Output Compare RegisterlB — OCR1B, form a dual
8-, 9-, or 10-bit, free running and glitch-free PWM with outputs on the PD5(OC1A) and
PD4(OC1B) pins..

60 ATMega323 (L) mmmm—
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Table 36. Examples of UBRR Settings for Commonly Used Oscillator Frequencies —

100

UBRR =0, Error = 0.0% (Continued)

14.4K 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
19.2K 6 -7.0% 12 0.2% 11 0.0% 23 0.0%
28.8K 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
38.4K 2 8.5% 6 -7.0% 5 0.0% 11 0.0%
57.6K 1 8.5% 3 8.5% 3 0.0% 7 0.0%
76.8K 1 -18.6% 2 8.5% 2 0.0% 5 0.0%
115.2K 0 8.5% 1 8.5% 1 0.0% 3 0.0%
230.4K - - - - 0 0.0% 1 0.0%
250K - - 0 0.0% 0 -7.8% 1 -7.8%
1M - - 0 -7.8%
Max 125 Kbps 250 Kbps 230.4 Kbps 460.8 Kbps
fyse = 4.0000 MHz foec = 7.3728 MHz
Baud U2X = 0 U2x = 1 U2X = 0 U2x =1
Rate
(bps) UBRR Error UBRR Error UBRR Error UBRR Error
2400 103 0.2% 207 0.2% 191 0.0% 383 0.0%
4800 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14.4K 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2K 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8K 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
38.4K 6 -7.0% 12 0.2% 11 0.0% 23 0.0%
57.6K 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8K 2 8.5% 6 -7.0% 5 0.0% 11 0.0%
115.2K 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4K 0 8.5% 1 8.5% 1 0.0% 3 0.0%
250K 0 0.0% 1 0.0% 1 -7.8% 3 -7.8%
0.5M - - 0 0.0% 0 -7.8% 1 -7.8%
1M - - - - - - 0 -7.8%
Max 250 Kbps 0.5 Mbps 460.8 Kpbs 921.6 Kbps
fysc = 8.0000 MHz
paud U2X = 0 U2x =1
(bps) UBRR Error UBRR Error
2400 207 0.2% 416 -0.1%
4800 103 0.2% 207 0.2%
9600 51 0.2% 103 0.2%
14.4K 34 -0.8% 68 0.6%

ATMega323 (L) mmmm—
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Two-wire Serial
Interface (Byte
Oriented)

ATMEL

The Two-wire Serial Interface supports bi-directional serial communication. It is
designed primarily for simple but efficient integrated circuit (IC) control. The system is
comprised of two lines, SCL (Serial Clock) and SDA (Serial Data) that carry information
between the ICs connected to them. Various communication configurations can be
designed using this bus. Figure 52 shows a typical Two-wire Serial Bus configuration.
Any device connected to the bus can be Master or Slave. Note that all AVR devices con-
nected to the bus must be powered to allow any bus operation.

Figure 52. Two-wire Serial Bus Configuration

Device 1| | Device 2| [Device 3| ....... Device n |EQE| |E%§|

\Y
CcC

SCL
SDA

A A
YyvYy

The Two-wire Serial Interface supports Master/Slave and Transmitter/Receiver opera-
tion at up to 400 kHz bus clock rate. The Two-wire Serial Interface has hardware
support for 7-bit addressing. When the Two-wire Serial Interface is enabled (TWEN in
TWCR is set), a glitch filter is enabled for the input signals from the pins PCO (SCL) and
PCL1 (SDA), and the output from these pins is slew-rate controlled. The Two-wire Serial
Interface is byte oriented. The operation of the Two-wire Serial Bus is shown as a pulse
diagram in Figure 53, including the START and STOP conditions and generation of ACK
signal by the bus Receiver.

Figure 53. Two-wire Serial Bus Timing Diagram

ACKNOWLEDGE
FROM RECEIVER

OGO/ T e oma
T T REPEATED START CONDIT
7
N
.
-

| |
SCL | | 1 2
[—
START
CONDITION

The block diagram of the Two-wire Serial Interface is shown in Figure 54.

102 ATMega323 (L) m—
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in
cpi
br ne

| di

out

wait7:in
sbrs
rjnp

in
cpi
br ne

in

nop
I di
out

ATMEL

rl6, TWBR ; Check value of TW Status Register. If status

ri6, MR_SLA ACK ; different fromMR_SLA ACK, go to ERROR

ERROR

r16, (1<<TWNT) | (1<<TWEA) | (1<<TVEN)

TWCR, r 16 ; Clear TWNT bit in TWCR to start reception of
; data. Setting TWEA causes ACK to be returned
; after reception of data byte

r16, TWCR ; Wait for TWNT Flag set. This indicates that

r16, TWNT ; data has been received and ACK returned

wait7

rl6, TWSR ; Check value of TW Status Register. If status

ri6, MR _DATA ACK ; different from MR_DATA ACK, go to ERROR

ERROR

ri6, TWDR ; Input received data from TVWDR
; <do sonething with recei ved data>

r16, (1<<TWNT) | (1<<TVEA) | (1<<TVEN)

TWCR, r16 ; Clear TWNT bit in TWCR to start reception of

; data.
;after

Setting TWEA causes ACK to be returned
reception of data byte

; <Receive nore data bytes if needed>

;receive next to |l ast data byte.

wait8:in
sbrs
rjnp

in
cpi
br ne

in

nop
| di
out

wait9:in
sbrs
rjnp
in

cpi
br ne

116

ril6, TWCR ; Wait for TWNT Flag set. This indicates that
ri6, TW NT ; data has been received and ACK returned
wai t 8
rl6, TWBR ; Check value of TW Status Register. If status
r16, MR _DATA ACK ; different from MR_DATA_ACK, go to ERROR
ERROR
ri6, TWDR ; Input received data from TVWDR
; <do sonething with recei ved data>
ri6, (1<<TWNT) | (1<<TVEN)
TWCR, r 16 ; Clear TWNT bit in TWCR to start reception of
; data. Not setting TWEA causes NACK to be
; returned after reception of next data byte
; receive last data byte. Signal this to Slave
; by returning NACK
r16, TWCR ; Wait for TWNT Flag set. This indicates that
ri6, TWNT ; data has been recei ved and NACK returned
wait9
rl6é, TWSR ; Check value of TW Status Register. If status
ri6, MR _DATA NACK ; different from MR _DATA NACK, go to ERROR
ERROR

ATMega323 (L) mmmm—
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Assembly Code Example —
Slave Receiver Mode

ATMEL

Figure 57. Formats and States in the Slave Receiver Mode

Reception of the Own 0
Slave Address and One or S SLA ' w

A DATA | A | DATA A | PorS |

more Data Bytes. All are
Acknowledged

Last Data Byte Received
is not Acknowledged

Arbitration Lost as Master
and Addressed as Slave

$68

Reception of the General Call

Address and One or more Data General Call

80

:
$88

A

A DATA | P ol

rS|

| A | DATA

Bytes

Last Data Byte received is
not Acknowledged

@ $90 $90 $A0
:

$98
Arbitration Lost as Master and
Addressed as Slave by General Call A
$78
- Any Number of Data Bytes
From Master to Slave DATA A and their Associated Acknowledge Bits

I:I From Slave to Master This Number (Contained in TWSR) Corresponds

to a Defined State of the Two-wire Serial Bus

;Part specific include file and TW include file nmust be included.
; <Initialize registers TWAR and TVWBR>

| di ri6, (1<<TWNT) |
out TWCR, r16

(1<<TVEEA) | (1<<TVEN)

Enable TW in Sl ave Recei ver Mde

; <Recei ve START condition and SLA+W-

waitl10:in r16, TWCR
sbrs r16, TWNT
rimp waitlo0

in rl6, TWBR
cpi r16, SR SLA ACK
brne ERROR

| di ri6, (1<<TWNT) |
out TWCR, r16

Wait for TWNT Flag set. This indicates that
START fol | owed by SLA+W has been received

Check value of TW Status Register. If status
different from SR SLA ACK, go to ERROR

(1<<TVEA) | (1<<TVEN)

Clear TWNT bit in TWCR to start reception of
first data byte. Setting TWEA indicates that

118 ATMega323 (L) mm—
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Figure 69. Port B Schematic Diagram (Pin PB2)
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Isc2
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Figure 70. Port B Schematic Diagram (Pin PB3)

A
MOs
PULL- PUD
uP

RESET

|

PB3 a R

PORTB3
C

DATA BUS

RL WP

WP:  WRITE PORTB

WD: WRITE DDRB

RL: READ PORTB LATCH
RP:  READ PORTB PIN
RD: READ DDRB

PUD: PULL-UP DISABLE

PWRDN ( RP
7
L

> AIN1

TO COMPARATOR

Alm L 143
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Port C Schematics

ATMEL

* TCK —Port C, Bit 2

TCK, JTAG Test Clock: JTAG operation is synchronous to TCK. When the JTAG inter-
face is enabled, this pin can not be used as an I/O pin. Refer to the section “JTAG
Interface and the On-chip Debug System” on page 157 for details on operation of the
JTAG interface.

e SDA —Port C,Bit 1

SDA, Two-wire Serial Interface Data: When the TWEN bit in TWCR is set (one) to
enable the Two-wire Serial Interface, pin PC1 is disconnected from the port and
becomes the Serial Data I/O pin for the Two-wire Serial Interface. In this mode, there is
a spike filter on the pin to capture spikes shorter than 50 ns on the input signal, and the
pin is driven by an open collector driver with slew rate limitation.

e SCL —Port C, Bit0

SCL, Two-wire Serial Interface Clock: When the TWEN bit in TWCR is set (one) to
enable the Two-wire Serial Interface, pin PC1 is disconnected from the port and
becomes the Serial Clock I/O pin for the Two-wire Serial Interface. In this mode, there is
a spike filter on the pin to capture spikes shorter than 50 ns on the input signal.

Note that all port pins are synchronized. The synchronization latches are not shown in
the figure.

Figure 75. Port C Schematic Diagram (Pins PCO - PC1)

0 Q Dj=
MOS : DDCn
PULL- PUD C
upP 1 0
RESET
<] \

DATA BUS

RL WP

RP

[z \ 4
'\ —————— SCL/SDA out
L | 7% .
—~_ Iﬂ/ SCL/SDAin
TWEN

WP: WRITE PORTC

WD: WRITE DDRC

RL: READ PORTC LATCH

RP: READ PORTC PIN

RD: READ DDRC

PUD: PULL-UP DISABLE

n=0,1
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Table 58. ATmega323 Boundary-Scan Order (Continued)

Bit Number Signal Name Module
44 PD5.Data
43 PD5.Control
42 PD5.PuLLup_Disable
41 PD6.Data
40 PD6.Control Port D
39 PD6.PuLLup_Disable
38 PD7.Data
37 PD7.Control
36 PD7.PuLLup_Disable
35 PCO0.Data
34 PCO.Control
33 PCO.PuLLup_Disable
32 PC1.Data
31 PC1.Control
30 PC1.PuLLup_Disable
Port C
29 PC6.Data
28 PC6.Control
27 PC6.PuLLup_Disable
26 PC7.Data
25 PC7.Control
24 PC7.PuLLup_Disable
23 PA7.Data
22 PA7.Control
21 PA7.PuLLup_Disable
20 PAG.Data
19 PA6.Control
18 PA6.PuLLup_Disable
Port A
17 PA5.Data
16 PA5.Control
15 PA5.PuLLup_Disable
14 PA4.Data
13 PA4.Control
12 PA4.PuLLup_Disable

1457G-AVR-09/03
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Table 69. Serial Programming Instruction Set

ATMEL

Instruction Format

Instruction Byte 1 Byte 2 Byte 3 Byte4 Operation
Programming Enable 1010 1100 0101 0011 XXXX  XXXX XXXX XXXX Enable Serial Programming after
RESET goes low.
Chip Erase 1010 1100 100x XXXX XXXX XXXX XXXX XXXX Chip Erase EEPROM and Flash.
Read H (high or low) data o from
Read Program Memory 0010 HOO0O Xxaa aaaa bbbb bbbb 0000 0000 Program memory at word address
a:b.
Load Program Memor Write H (high or low) data i to
9 y 0100 HOO0O XXXX XXXX xxbb bbbb Piii il Program memory page at word
Page
address b.
Write Program Memory 0100 1100 xxaa aaaa bbXX XXXX YXXX XXXX Write Program memory Page at
Page address a:b.
Read EEPROM Memory 1010 0000 XXXX XXaa bbbb bbbb 0000 0000 Read data o from EEFROM
Memory at address a:b.
Write EEPROM Memory | 1100 0000 | xxxx xxaa | bbbb bbbb | iiii iiii | \riteda@ito BEEPROM Memory
at address a:b.
Read Lock Bits 0101 1000 | 0000 0000 | xxxx xxxx | xx65 4321 | ReadLockbits."0" = programmed,
1" = unprogrammed.
Write Lock Bits 1010 1100 | 111x xxxx | xxxx xxxx | 1165 4321 | LriteLockbits. Setbits 6-1="0
to program Lock bits.
Read Signature Byte 0011 0000 XXXX  XXXX XXXX XXbb 0000 0000 tF)lead Signature Byte o at address
Write Fuse Bits 1010 1100 | 1010 0000 | xxxx xxxx | CBL1 A9g7 | SetPISC-A,9-7='0"t0
program, “1” to unprogram
Write Fuse High Bits 1010 1100 | 1010 1000 | xxxx xxxx | IHi11 GFED | Setbits F- D ="0"to program, "1
to unprogram
. Read Fuse bits. “0” = programmed,
Read Fuse Bits 0101 0000 0000 0000 XXXX XXXX CBxx A987 | ...
1" = unprogrammed
Read Fuse High Bits 0101 1000 | 0000 1000 | xxxx xxxx | |Hxx GFED | ReadFuse high bits. “0" = pro-
grammed, “1” = unprogrammed
Read Calibration Byte 0011 1000 XXXX XXXX 0000 0000 0000 0000 Eead Signature Byte o at address

Note:

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;

1 =lock bit 1; 2 = lock bit 2; 3 = Boot Lock Bit01; 4 = Boot Lock Bit02; 5 = Boot Lock Bitll; 6 = Boot Lock Bit12;
7 = CKSELO Fuse; 8 = CKSEL1 Fuse; 9 = CKSEL2 Fuse; A = CKSEL3 Fuse; B = BODEN Fuse; C = BODLEVEL Fuse;
D = BOOTRST Fuse; E = BOOTSZO0 Fuse; F = BOOTSZ1 Fuse; G = EESAVE Fuse; H = JTAGEN Fuse; and | = OCDEN Fuse

200
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4. Set bits to “0” to program the corresponding lock bit, “1” to leave the lock bit
unchanged.

5. “0” = programmed, “1” = unprogrammed.

6. a = address High Byte; b = address Low Byte; i =data in; o = data out; 1 = lock bit 1;
2 = lock bit 2; 3 = Boot Lock Bit01;
4 = Boot Lock Bit02; 5 = Boot Lock Bitl1; 6 = Boot Lock Bit12; 7 = CKSELO Fuse; 8 =
CKSEL1 Fuse; 9 = CKSEL?2 Fuse;
A = CKSEL3 Fuse; B = BODEN Fuse; C = BODLEVEL Fuse; D = BOOTRST Fuse; E
= BOOTSZO0 Fuse; F = BOOTSZ1 Fuse; G = EESAVE Fuse; H = JTAGEN Fuse; | =
OCDEN Fuse

Figure 103. State Machine Sequence for Changing / Reading the Data Word

1 | TEST-LOGIC-RESEE M-rrrmrrsmrremr st s
L0
0 1 1 ; i1
Run-Test/Idle Select-DR Scan -==----=xr-srrmaeeeee P: Select-IR Scan §-=------
0 L0
Yy Vo,
1 1
— Capture-DR | -5 Capture-IR
0 L0
y_ . S
. . i
> Shift-DR 0 oo »i Shift-IR N
v R Vo,
. 1 E : . 1
—»  Exitl-DR ; > Exitl-IR ke
0 L0
A T, b A
Pause-DR D 0 Pause-IR 0
v L \ A
0 Exit2-DR | | e % Bxiz-IR
1 P
vy ) A
Update-DR Update-IR q------
1 0 l ------------ O
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Virtual Flash Page The Virtual Flash Page Load Register is a virtual scan chain with length equal to the
Load Reaqister number of bits in one Flash page, 1,024. Internally the Shift Register is 8-bit, and the
9 data are automatically transferred to the Flash page buffer byte-by-byte. Shift in all
instruction words in the page, starting with the LSB of the instruction with page address
0 and ending with the MSB of the instruction with page address 3F. This provides an

efficient way to load the entire Flash page buffer before executing Page Write.

Figure 104. Virtual Flash Page Load Register

STROBES
State
machine
ADDRESS
I Flash
EEPROM
T Fuses
Lock Bits
D
A .
T >
A
TDO
208 ATMega323 (L) mmmm—

1457G-AVR-09/03



A\ T M ega323(L)

Virtual Flash Page Read
Register

Programming algorithm

Entering programming mode

Leaving Programming Mode

1457G-AVR-09/03

The Virtual Flash Page Read Register is a virtual scan chain with length equal to the
number of bits in one Flash page plus eight, 1,032 in total. Internally the Shift Register is
8-bit, and the data are automatically transferred from the Flash data page byte-by-byte.
The first eight cycles are used to transfer the first byte to the internal Shift Register, and
the bits that are shifted out during these eight cycles should be ignored. Following this
initialization, data are shifted out starting with the LSB of the instruction with page
address 0 and ending with the MSB of the instruction with page address 3F. This pro-
vides an efficient way to read one full Flash page to verify programming.

Figure 105. Virtual Flash Page Read Register

STROBES |
State
machine
™I ADDRESS
T Flash
EEPROM
Fuses
Lock Bits

> -4 >0

TDO

All references below of type “1a”, “1b”, and so on, refer to Table 71.

=

Enter JTAG instruction AVR_RESET and shift 1 in the Reset Register.

2. Enter instruction PROG_ENABLE and shift 1010_0011_0111 0000 in the Pro-
gramming Enable Register.

L

Enter JTAG instruction PROG_COMMANDS.
2. Disable all programming instructions by using no operation instruction 11a.

3. Enter instruction PROG_ENABLE and shift 0000_0000_0000_0000 in the pro-
gramming Enable Register.

4. Enter JTAG instruction AVR_RESET and shift 0 in the Reset Register.

If PROG_ENABLE instruction is not followed by the AVR_RESET instruction, the follow-
ing algorithm should be used:

1. Enter JTAG instruction PROG_COMMANDS.

2. Disable all programming instructions by using no operation instruction 11a.

3. Enter instruction PROG_ENABLE and shift 0000_0000_0000_0000 in the Pro-
gramming Enable Register.

4. Enter instruction PROG_ENABLE and shift 0000_0000_0000_0000 in the Pro-
gramming Enable Register.

5. Wait until the selected Oscillator has started before applying more commands.

Alm L 209
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Ordering Information

Speed (MHz) Power Supply Ordering Code Package Operation Range

4 2.7-55V ATmega323L-4AC 44A Commercial
ATmega323L-4PC 40P6 (0°C to 70°C)
ATmega323L-4Al 44A Industrial
ATmega323L-4PI 40P6 (-40°C to 85°C)

8 4.0-5.5V ATmega323-8AC 44A Commercial
ATmega323-8PC 40P6 (0°C to 70°C)
ATmega323-8Al 44A Industrial
ATmega323-8PI 40P6 (-40°C to 85°C)

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)
236 ATmega323(L) |
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