
Microchip Technology - ATMEGA103-6AC Datasheet

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade

Details

Product Status Obsolete

Core Processor AVR

Core Size 8-Bit

Speed 6MHz

Connectivity SPI, UART/USART

Peripherals POR, PWM, WDT

Number of I/O 32

Program Memory Size 128KB (64K x 16)

Program Memory Type FLASH

EEPROM Size 4K x 8

RAM Size 4K x 8

Voltage - Supply (Vcc/Vdd) 4V ~ 5.5V

Data Converters A/D 8x10b

Oscillator Type Internal

Operating Temperature 0°C ~ 70°C

Mounting Type Surface Mount

Package / Case 64-TQFP

Supplier Device Package 64-TQFP (14x14)

Purchase URL https://www.e-xfl.com/product-detail/microchip-technology/atmega103-6ac

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/atmega103-6ac-4423505
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers


ATmega103(L)
Pin Descriptions

VCC Supply voltage.

GND Ground.

Port A (PA7..PA0) Port A is an 8-bit bi-directional I/O port. Port pins can provide internal pull-up resistors
(selected for each bit). The Port A output buffers can sink 20 mA and can drive LED dis-
plays directly. When pins PA0 to PA7 are used as inputs and are externally pulled low,
they will source current if the internal pull-up resistors are activated.

Port A serves as Multiplexed Address/Data bus when using external SRAM.

The Port A pins are tri-stated when a reset condition becomes active, even if the clock is
not running.

Port B (PB7..PB0) Port B is an 8-bit bi-directional I/O port with internal pull-up resistors. The Port B output
buffers can sink 20 mA. As inputs, Port B pins that are externally pulled low, will source
current if the pull-up resistors are activated.

Port B also serves the functions of various special features.

The Port B pins are tri-stated when a reset condition becomes active, even if the clock is
not running.

Port C (PC7..PC0) Port C is an 8-bit output port. The Port C output buffers can sink 20 mA.

Port C also serves as Address output when using external SRAM.

Since Port C is an output only port, the Port C pins are not tri-stated when a reset condi-
tion becomes active.

Port D (PD7..PD0) Port D is an 8-bit bi-directional I/O port with internal pull-up resistors. The Port D output
buffers can sink 20 mA. As inputs, Port D pins that are externally pulled low will source
current if the pull-up resistors are activated.

Port D also serves the functions of various special features.

The Port D pins are tri-stated when a reset condition becomes active, even if the clock is
not running.

Port E (PE7..PE0) Port E is an 8-bit bi-directional I/O port with internal pull-up resistors. The Port E output
buffers can sink 20 mA. As inputs, Port E pins that are externally pulled low will source
current if the pull-up resistors are activated.

Port E also serves the functions of various special features.

The Port E pins are tri-stated when a reset condition becomes active, even if the clock is
not running

Port F (PF7..PF0) Port F is an 8-bit input port. Port F also serves as the analog inputs for the ADC.

RESET Reset input. An external reset is generated by a low level on the RESET pin. Reset
pulses longer than 50 ns will generate a reset, even if the clock is not running. Shorter
pulses are not guaranteed to generate a reset.

XTAL1 Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.

XTAL2 Output from the inverting Oscillator amplifier.
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TOSC1 Input to the inverting Timer/Counter Oscillator amplifier.

TOSC2 Output from the inverting Timer/Counter Oscillator amplifier.

WR External SRAM write strobe

RD External SRAM read strobe

ALE ALE is the Address Latch Enable used when the External Memory is enabled. The ALE
strobe is used to latch the low-order address (8 bits) into an address latch during the first
access cycle, and the AD0 - 7 pins are used for data during the second access cycle.

AVCC Supply voltage for Port F, including ADC. The pin must be connected to VCC when not
used for the ADC. See “ADC Noise Canceling Techniques” on page 82 for details when
using the ADC.

AREF AREF is the analog reference input for the ADC converter. For ADC operations, a volt-
age in the range AGND to AVCC must be applied to this pin.

AGND If the board has a separate analog ground plane, this pin should be connected to this
ground plane. Otherwise, connect to GND.

PEN PEN is a programming enable pin for the Serial Programming mode. By holding this pin
low during a Power-on Reset, the device will enter the Serial Programming mode. PEN
has no function during normal operation.

Clock Options

Crystal Oscillator XTAL1 and XTAL2 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

Note: When using the MCU Oscillator as a clock for an external device, an HC buffer should be
connected as indicated in the figure.

XTAL2

XTAL1

GND

C2

C1

MAX 1 HC BUFFER

HC
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ATmega103(L)
$2D ($4D)  TCNT1H Timer/Counter1 High Byte

$2C ($4C)  TCNT1L Timer/Counter1 Low Byte

$2B ($4B)  OCR1AH Timer/Counter1 Output Compare Register A High Byte

$2A ($4A)  OCR1AL Timer/Counter1 Output Compare Register A Low Byte

$29 ($49)  OCR1BH Timer/Counter1 Output Compare Register B High Byte

$28 ($48)  OCR1BL Timer/Counter1 Output Compare Register B Low Byte

$27 ($47)  ICR1H Timer/Counter1 Input Capture Register High Byte

$26 ($46)  ICR1L Timer/Counter1 Input Capture Register Low Byte

$25 ($45)  TCCR2 Timer/Counter2 Control Register

$24 ($44)  TCNT2 Timer/Counter2 (8-bit)

$23 ($43)  OCR2 Timer/Counter2 Output Compare Register

$21 ($41)  WDTCR Watchdog Timer Control Register

$1F ($3F)  EEARH EEPROM Address Register High

$1E ($3E)  EEARL EERPOM Address Register Low

$1D ($3D)  EEDR EEPROM Data Register

$1C ($3C)  EECR EEPROM Control Register

$1B ($3B)  PORTA Data Register, Port A

$1A ($3A)  DDRA Data Direction Register, Port A

$19 ($39)  PINA Input Pins, Port A

$18 ($38)  PORTB Data Register, Port B

$17 ($37)  DDRB Data Direction Register, Port B

$16 ($36)  PINB Input Pins, Port B

$15 ($35)  PORTC Data Register, Port C

$12 ($32)  PORTD Data Register, Port D

$11 ($31)  DDRD Data Direction Register, Port D

$10 ($30)  PIND Input Pins, Port D

$0F ($2F)  SPDR SPI I/O Data Register

$0E ($2E)  SPSR SPI Status Register

$0D ($2D)  SPCR SPI Control Register

$0C ($2C)  UDR UART I/O Data Register

$0B ($2B)  USR UART Status Register

$0A ($2A)  UCR UART Control Register

$09 ($29)  UBRR UART Baud Rate Register

$08 ($28)  ACSR Analog Comparator Control and Status Register

$07 ($27)  ADMUX ADC Multiplexer Select Register

Table 2.  ATmega103(L) I/O Space (Continued)

I/O Address (SRAM 
Address)  Name Function
19
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Figure 23.  Reset Logic
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• Bit 0 – TOIE0: Timer/Counter0 Overflow Interrupt Enable

When the TOIE0 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 (at vector
$0020) is executed if an overflow in Timer/Counter0 occurs, i.e., when the TOV0 bit is
set in the Timer/Counter Interrupt Flag Register.
34 ATmega103(L) 
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ATmega103(L)
• Bit 3 – AS0: Asynchronous Timer/Counter0

When set (one), Timer/Counter0 is clocked from the TOSC1 pin. When cleared (zero),
Timer/Counter0 is clocked from the internal system clock, CK. When the value of this bit
is changed, the contents of TCNT0 might get corrupted.

• Bit 2 – TCN0UB: Timer/Counter0 Update Busy

When Timer/Counter0 operates asynchronously and TCNT0 is written, this bit becomes
set (one). When TCNT0 has been updated from the temporary storage register, this bit
is cleared (zero) by hardware. A logical “0” in this bit indicates that TCNT0 is ready to be
updated with a new value.

• Bit 1 – OCR0UB: Output Compare Register0 Update Busy

When Timer/Counter0 operates asynchronously and OCR0 is written, this bit becomes
set (one). When OCR0 has been updated from the temporary storage register, this bit is
cleared (zero) by hardware. A logical “0” in this bit indicates that OCR0 is ready to be
updated with a new value.

• Bit 0 – TCR0UB: Timer/Counter Control Register0 Update Busy

When Timer/Counter0 operates asynchronously and TCCR0 is written, this bit becomes
set (one). When TCCR0 has been updated from the temporary storage register, this bit
is cleared (zero) by hardware. A logical “0” in this bit indicates that TCCR0 is ready to be
updated with a new value.

If a write is performed to any of the three Timer/Counter0 Registers while its update
busy flag is set (one), the updated value might get corrupted and cause an unintentional
interrupt to occur.

When reading TCNT0, OCR0 and TCCR0, there is a difference in result. When reading
TCNT0, the actual timer value is read. When reading OCR0 or TCCR0, the value in the
temporary storage register is read.

Asynchronous Operation of 
Timer/Counter0

When Timer/Counter0 operates synchronously, all operations and timing are identical to
Timer/Counter2. During asynchronous operation, however, some considerations must
be taken.

• WARNING: When switching between asynchronous and synchronous clocking of 
Timer/Counter0, the Timer Registers TCNT0, OCR0 and TCCR0 might get 
corrupted. The following is the safe procedure for switching clock source:

1. Disable the Timer0 interrupts OCIE0 and TOIE0.

2. Select clock source by setting ASO as appropriate.

3. Write new values to TCNT0, OCR0 and TCCR0.

4. If switching to asynchronous operation, wait for TCNT0UB, OCR0UB and 
TCR0UB to be cleared.

5. Clear the Timer/Counter0 Interrupt Flags.

6. Enable interrupts if needed.

• The Oscillator is optimized for use with a 32,768 Hz watch crystal. An external clock 
signal applied to this pin goes through the same amplifier having a bandwidth of 
256 kHz. The external clock signal should therefore be in the interval 0 Hz - 
256 kHz. The frequency of the clock signal applied to the TOSC1 pin must be lower 
than one fourth of the CPU main clock frequency. Observe that CPU clock 
frequency can be lower than the XTAL frequency if the XTAL divider is enabled.
45
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Timer/Counter1 Control 
Register B – TCCR1B

• Bit 7 – ICNC1: Input Capture1 Noise Canceler (4 CKs)

When the ICNC1 bit is cleared (zero), the Input Capture Trigger Noise Canceler function
is disabled. The Input Capture is triggered at the first rising/falling edge sampled on the
Input Capture pin PD4(IC1) as specified. When the ICNC1 bit is set (one), four succes-
sive samples are measured on PD4(IC1), and all samples must be high/low according to
the Input Capture trigger specification in the ICES1 bit. The actual sampling frequency is
XTAL clock frequency.

• Bit 6 – ICES1: Input Capture1 Edge Select

While the ICES1 bit is cleared (zero), the Timer/Counter1 contents are transferred to the
Input Capture Register (ICR1) on the falling edge of the Input Capture pin – PD4(IC1).
While the ICES1 bit is set (one), the Timer/Counter1 contents are transferred to the
Input Capture Register on the rising edge of the Input Capture pin – PD4(IC1).

• Bits 5, 4 – Res: Reserved Bits

These bits are reserved bits in the ATmega103(L) and always read as zero.

• Bit 3 – CTC1: Clear Timer/Counter1 on Compare Match

When the CTC1 control bit is set (one), the Timer/Counter1 is reset to $0000 in the clock
cycle after a Compare A Match. If the CTC1 control bit is cleared, Timer/Counter1 con-
tinues counting and is unaffected by a compare match. Since the compare match is
detected in the CPU clock cycle following the match, this function will behave differently
when a prescaling higher than 1 is used for the Timer. When a prescaling of 1 is used
and the Compare A Register is set to C, the Timer will count as follows if CTC1 is set:

... | C-2 | C-1 | C | 0 | 1 | ...

When the prescaler is set to divide by 8, the Timer will count like this:

... | C-2, C-2, C-2, C-2, C-2, C-2, C-2, C-2 | C-1, C-1, C-1, C-1, C-1, C-1, C-1, C-1 | C, 0,
0, 0, 0, 0, 0, 0 | ...

In PWM mode, this bit has no effect.

0 1 Timer/Counter1 is an 8-bit PWM.

1 0 Timer/Counter1 is a 9-bit PWM.

1 1 Timer/Counter1 is a 10-bit PWM.

Table 16.  PWM Mode Select

PWM11 PWM10 Description

Bit 7 6 5 4 3 2 1 0

$2E ($4E) ICNC1 ICES1 – – CTC1 CS12 CS11 CS10 TCCR1B
Read/Write R/W R/W R R R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0
50 ATmega103(L) 
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ATmega103(L)
EEPROM Read/Write 
Access

The EEPROM Access Registers are accessible in the I/O space.

The write access time is in the range of 2.5 - 4 ms, depending on the VCC voltages. A
self-timing function lets the user software detect when the next byte can be written. A
special EEPROM Ready interrupt can be set to trigger when the EEPROM is ready to
accept new data.

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

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

EEPROM Address Register – 
EEARH, EEARL

The EEPROM Address Registers (EEARH and EEARL) specify the EEPROM address
in the 4 KB EEPROM space. The EEPROM Data bytes are addressed linearly between
0 and 4095.

EEPROM Data Register – 
EEDR

• Bits 7..0 – EEDR7..0: EEPROM Data:

For the EEPROM write operation, the EEDR Register contains the data to be written to
the EEPROM in the address given by the EEAR Register. For the EEPROM read oper-
ation, the EEDR contains the data read out from the EEPROM at the address given by
EEAR.

EEPROM Control Register – 
EECR

• Bits 7..4 – Res: Reserved Bits

These bits are reserved bits in the ATmega103(L) and will always be read as zero.

• Bit 3 – EERIE: EEPROM Ready Interrupt Enable

When the I-bit in SREG and EERIE are set (one), the EEPROM Ready interrupt is
enabled. When cleared (zero), the interrupt is disabled. The EEPROM Ready interrupt
constantly generates an interrupt request when EEWE is cleared (zero).

Bit 15 14 13 12 11 10 9 8

$1F ($3F) – – – – EEAR11 EEAR10 EEAR9 EEAR8 EEARH
$1E ($3E) EEAR7 EEAR6 EEAR5 EEAR4 EEAR3 EEAR2 EEAR1 EEAR0 EEARL

7 6 5 4 3 2 1 0

Read/Write R R R R R/W R/W R/W R/W

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

0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

$1D ($3D) MSB LSB EEDR
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

$1C ($3C) – – – – EERIE EEMWE EEWE EERE EECR
Read/Write R R R R R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0
57
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UART The ATmega103(L) features a full duplex (separate Receive and Transmit Registers)
Universal Asynchronous Receiver and Transmitter (UART). The main features are:
• Baud Rate Generator that can Generate a large Number of Baud Rates (bps)
• High Baud Rates at Low XTAL Frequencies
• 8 or 9 Bits Data
• Noise Filtering
• OverRun Detection
• Framing Error Detection
• False Start Bit Detection
• Three separate Interrupts on TX Complete, TX Data Register Empty and RX Complete

Data Transmission A block schematic of the UART Transmitter is shown in Figure 41.

Data transmission is initiated by writing the data to be transmitted to the UART I/O Data
Register, UDR. Data is transferred from UDR to the Transmit Shift Register when:

• A new character has been written to UDR after the stop bit from the previous 
character has been shifted out. The Shift Register is loaded immediately.

• A new character has been written to UDR before the stop bit from the previous 
character has been shifted out. The Shift Register is loaded when the stop bit of the 
character currently being transmitted has been shifted out.

If the 10(11)-bit Transmit Shift Register is empty, data is transferred from UDR to the
Shift Register. At this time the UDRE (UART Data Register Empty) bit in the UART Sta-
tus Register, USR, is set. When this bit is set (one), the UART is ready to receive the
next character. Writing to UDR clears UDRE. At the same time as the data is transferred
from UDR to the 10(11)-bit Shift Register, bit 0 of the Shift Register is cleared (start bit)
and bit 9 or 10 is set (stop bit). If 9-bit data word is selected (the CHR9 bit in the UART
Control Register, UCR is set), the TXB8 bit in UCR is transferred to bit 9 in the Transmit
Shift Register.
66 ATmega103(L) 
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UART Control

UART I/O Data Register – UDR

The UDR Register is actually two physically separate registers sharing the same I/O
address. When writing to the register, the UART Transmit Data Register is written.
When reading from UDR, the UART Receive Data Register is read.

UART Status Register – USR

The USR Register is a read-only register providing information on the UART Status.

• Bit 7 – RXC: UART Receive Complete

This bit is set (one) when a received character is transferred from the Receiver Shift
Register to UDR. The bit is set regardless of any detected framing errors. When the
RXCIE bit in UCR is set, the UART Receive Complete interrupt will be executed when
RXC is set (one). RXC is cleared by reading UDR. When interrupt-driven data reception
is used, the UART Receive Complete Interrupt routine must read UDR in order to clear
RXC, otherwise a new interrupt will occur once the interrupt routine terminates.

• Bit 6 – TXC: UART Transmit Complete

This bit is set (one) when the entire character (including the stop bit) in the Transmit
Shift Register has been shifted out and no new data has been written to the UDR. This
flag is especially useful in half-duplex communications interfaces, where a transmitting
application must enter Receive mode and free the communications bus immediately
after completing the transmission.

When the TXCIE bit in UCR is set, setting of TXC causes the UART Transmit Complete
interrupt to be executed. TXC is cleared by hardware when executing the corresponding
interrupt handling vector. Alternatively, the TXC bit is cleared (zero) by writing a logical
“1” to the bit.

• Bit 5 – UDRE: UART Data Register Empty

This bit is set (one) when a character written to UDR is transferred to the Transmit Shift
Register. Setting of this bit indicates that the Transmitter is ready to receive a new char-
acter for transmission.

When the UDRIE bit in UCR is set, the UART Transmit Complete interrupt to be exe-
cuted as long as UDRE is set. UDRE is cleared by writing UDR. When interrupt-driven
data transmittal is used, the UART Data Register Empty Interrupt routine must write
UDR in order to clear UDRE, otherwise a new interrupt will occur once the interrupt rou-
tine terminates.

UDRE is set (one) during reset to indicate that the Transmitter is ready.

Bit 7 6 5 4 3 2 1 0

$0C ($2C) MSB LSB UDR
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

$0B ($2B) RXC TXC UDRE FE OR – – – USR
Read/Write R R/W R R R R R R

Initial Value 0 0 1 0 0 0 0 0
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• Bit 1 – RXB8: Receive Data Bit 8

When CHR9 is set (one), RXB8 is the ninth data bit of the received character.

• Bit 0 – TXB8: Transmit Data Bit 8

When CHR9 is set (one), TXB8 is the ninth data bit in the character to be transmitted.
72 ATmega103(L) 
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Operation The ADC operates in Single Conversion mode, and each conversion will have to be ini-
tiated by the user.

The ADC is enabled by writing a logical “1” to the ADC Enable bit, ADEN in ADCSR.
The first conversion that is started after enabling the ADC will be preceded by a dummy
conversion to initialize the ADC. To the user, the only difference will be that this conver-
sion takes 13 more ADC clock pulses than a normal conversion (see Figure 48).

A conversion is started by writing a logical “1” to the ADC Start Conversion bit, ADSC.
This bit will stay high as long as the conversion is in progress and be set to zero by hard-
ware when the conversion is completed. If a different data channel is selected while a
conversion is in progress, the ADC will finish the current conversion before performing
the channel change.

As the ADC generates a 10-bit result, two Data Registers, ADCH and ADCL, must be
read to get the result when the conversion is complete. Special data protection logic is
used to ensure that the contents of the Data Registers belong to the same result when
they are read. This mechanism works as follows:

When reading data, ADCL must be read first. Once ADCL is read, ADC access to Data
Registers is blocked. This means that if ADCL has been read, and a conversion com-
pletes before ADCH is read, none of the registers are updated and the result from the
conversion is lost. When ADCH is read, ADC access to the ADCH and ADCL Registers
is re-enabled.

The ADC has its own interrupt, ADIF, which can be triggered when a conversion com-
pletes. When ADC access to the Data Registers is prohibited between reading of ADCL
and ADCH, the interrupt will trigger even if the result is lost.

Prescaling Figure 46.  ADC Prescaler

The ADC contains a prescaler, which divides the system clock to an acceptable ADC
clock frequency. The ADC accepts input clock frequencies in the range 50 - 200 kHz.
Applying a higher input frequency will result in poorer accuracy (see “ADC DC Charac-
teristics” on page 83).

The ADPS0 - ADPS2 bits in ADCSR are used to generate a proper ADC clock input fre-
quency from any XTAL frequency above 100 kHz. The prescaler starts counting from
the moment the ADC is switched on by setting the ADEN bit in ADCSR. The prescaler

7-BIT ADC PRESCALER

ADC CLOCK SOURCE

CK

ADPS0
ADPS1
ADPS2

C
K

/1
28

C
K

/2

C
K

/4

C
K

/8

C
K

/1
6

C
K

/3
2

C
K

/6
4

ResetADEN
78 ATmega103(L) 
0945I–AVR–02/07



ATmega103(L)
Note: n: 7,6...0, pin number

Alternate Functions of Port B The alternate pin configuration is as follows:

• OC2/PWM2, Bit 7

OC2/PWM2, Output Compare output for Timer/Counter2 or PWM output when
Timer/Counter2 is in PWM mode. The pin has to be configured as an output to serve
this function.

• OC1B/PWM1B, Bit 6

OC1B/PWM1B, Output Compare output B for Timer/Counter1 or PWM output B when
Timer/Counter1 is in PWM mode. The pin has to be configured as an output to serve
this function.

• OC1A/PWM1A, Bit 5

OC1A/PWM1A, Output Compare output A for Timer/Counter1 or PWM output A when
Timer/Counter1 is in PWM mode. The pin has to be configured as an output to serve
this function.

• OC0/PWM0, Bit 4

OC0/PWM0, Output Compare output for Timer/Counter0 or PWM output when
Timer/Counter0 is in PWM mode. The pin has to be configured as an output to serve
this function.

• MISO – Port B, Bit 3

MISO: Master Data input, Slave Data output pin for SPI channel. When the SPI is
enabled as a Master, this pin is configured as an input regardless of the setting of
DDB3. When the SPI is enabled as a Slave, the data direction of this pin is controlled by
DDB3. When the pin is forced to be an input, the pull-up can still be controlled by the
PORTB3 bit. See the description of the SPI port for further details.

• MOSI – Port B, Bit 2

MOSI: SPI Master Data output, Slave Data input for SPI channel. When the SPI is
enabled as a Slave, this pin is configured as an input regardless of the setting of DDB2.
When the SPI is enabled as a Master, the data direction of this pin is controlled by
DDB2. When the pin is forced to be an input, the pull-up can still be controlled by the
PORTB2 bit. See the description of the SPI port for further details.

• SCK – Port B, Bit 1

SCK: Master Clock output, Slave Clock input pin for SPI channel. When the SPI is
enabled as a Slave, this pin is configured as an input regardless of the setting of DDB1.
When the SPI is enabled as a Master, the data direction of this pin is controlled by

Table 30.  DDBn Effects on Port B Pins

DDBn PORTBn I/O Pull-up Comment

0 0 Input No Tri-state (high-Z)

0 1 Input Yes PBn will source current if ext. pulled low

1 0 Output No Push-pull Zero Output

1 1 Output No Push-pull One Output
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Figure 69.  Port E Schematic Diagram (Pin PE3)

Figure 70.  Port E Schematic Diagram (Pins PE4, PE5, PE6 and PE7)
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ATmega103(L)
Port F Port F is an 8-bit input port.

One I/O memory location is allocated for Port F, the Port F Input Pins – PINF, $00 ($20).

All Port F pins are connected to the analog multiplexer, which further is connected to the
A/D converter. The digital input function of Port F can be used together with the A/D
converter, allowing the user to use some pins of Port F and digital inputs and other as
analog inputs, at the same time.

Port F Input Pins Address – 
PINF

The Port F Input Pins address (PINF) is not a register; this address enables access to
the physical value on each Port F pin.

Figure 71.  Port F Schematic Diagram (Pins PF7 - PF0)

Bit 7 6 5 4 3 2 1 0

$00 ($20) PINF7 PINF6 PINF5 PINF4 PINF3 PINF2 PINF1 PINF0 PINF
Read/Write R R R R R R R R

Initial Value N/A N/A N/A N/A N/A N/A N/A N/A
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Memory 
Programming

Program and Data 
Memory Lock Bits

The ATmega103(L) MCU provides two Lock bits that can be left unprogrammed (“1”) or
can be programmed (“0”) to obtain the additional features listed in Table 35. The Lock
bits can only be erased to “1” with the Chip Erase command.

Note: 1. In Parallel mode, programming of the Fuse bits are also disabled. Program the Fuse
bits before programming the Lock bits.

Fuse Bits The ATmega103(L) has four Fuse bits, SPIEN, SUT1..0 and EESAVE.

• When the SPIEN Fuse is programmed (“0”), Serial Program and Data Downloading 
is enabled. Default value is programmed (“0”). The SPIEN Fuse is not accessible in 
Serial Programming mode.

• When EESAVE is programmed, the EEPROM memory is preserved through the 
Chip Erase cycle. Default value is unprogrammed (“1”). The EESAVE Fuse bit 
cannot be programmed if any of the Lock bits are programmed.

• SUT1..0 Fuses: Determine the MCU start-up time. See Table 5 on page 27 for 
further details. Default value is unprogrammed (“11”), which gives a nominal start-up 
time of 16 ms.

The status of the Fuse bits is not affected by Chip Erase.

Signature Bytes All Atmel microcontrollers have a 3-byte signature code that identifies the device. This
code can be read in both Serial and Parallel mode. The three bytes reside in a separate
address space.

For the ATmega103 they are:

1. $000: $1E (indicates manufactured by Atmel)

2. $001: $97 (indicates 128K bytes Flash memory)

3. $002: $01 (indicates ATmega103 when signature byte $001 is $97)

Programming the Flash 
and EEPROM

Atmel’s ATmega103(L) offers 128K bytes of In-System Reprogrammable Flash memory
and 4K bytes of EEPROM Data memory.

The ATmega103(L) is shipped with the On-chip Flash Program and EEPROM Data
memory arrays in the erased state (i.e., contents = $FF) and ready to be programmed.
This device supports a Parallel Programming mode and a Serial Programming mode.
The +12V supplied to the RESET pin in Parallel Programming mode is used for pro-
gramming enable only, and no current of significance is drawn by this pin. The Serial
Programming mode provides a convenient way to download program and data into the
ATmega103(L) inside the user’s system.

Table 35.  Lock Bit Protection Modes

Memory Lock Bits Protection Type

Mode LB1 LB2

1 1 1 No memory lock features enabled.

2 0 1 Further programming of the Flash and EEPROM is disabled.(1)

3 0 0 Same as mode 2, and verify is also disabled.
104 ATmega103(L) 
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ATmega103(L)
Figure 74.  Programming the Flash Waveforms (Continued)

Programming the EEPROM The programming algorithm for the EEPROM data memory is as follows (refer to “Pro-
gramming the Flash” on page 107 for details on command, address and data loading):

1. A: Load Command “0001 0001”.

2. H: Load Address High Byte ($00 - $0F).

3. B: Load Address Low Byte ($00 - $FF).

4. E: Load Data Low Byte ($00 - $FF).

L: Write Data Low Byte.

1. Set BS to “0”. This selects low data.

2. Give WR a negative pulse. This starts programming of the data byte. RDY/BSY 
goes low.

3. Wait until RDY/BSY goes high to program the next byte.

(See Figure 75 for signal waveforms.)

The loaded command and address are retained in the device during programming. For
efficient programming, the following should be considered:

• The command needs only be loaded once when writing or reading multiple memory 
locations.

• Address High Byte needs only be loaded before programming a new 256-word page 
in the EEPROM.

• Skip writing the data value $FF that is the contents of the entire EEPROM after a 
chip erase.

These considerations also apply to Flash, EEPROM and signature bytes reading.

DATA HIGHDATA

XA1

XA0

BS1

XTAL1

WR

RDY/BSY

RESET +12V

OE

BS2

PAGEL
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ATmega103(L)
Figure 84.  Idle Supply Current vs. VCC

Figure 85.  Power-down Supply Current vs. VCC
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ATmega103(L)
Figure 92.  Watchdog Oscillator Frequency vs. VCC

Sink and source capabilities of I/O ports are measured on one pin at a time.

Figure 93.  Pull-up Resistor Current vs. Input Voltage
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Packaging Information

64A

  2325 Orchard Parkway
  San Jose, CA  95131

TITLE DRAWING NO.

R

REV.  

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) 

B64A

10/5/2001

PIN 1 IDENTIFIER

0°~7°

PIN 1 

L

C

A1 A2 A

D1

D

e E1 E

B

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL MIN NOM MAX NOTE

Notes:
     1.This package conforms to JEDEC reference MS-026, Variation AEB. 
 2. Dimensions D1 and E1 do not include mold protrusion.  Allowable 
  protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum 
  plastic body size dimensions including mold mismatch.
 3. Lead coplanarity is 0.10 mm maximum.

 A – – 1.20

 A1 0.05 – 0.15

 A2  0.95 1.00 1.05           

 D 15.75 16.00 16.25

 D1 13.90 14.00 14.10 Note 2

 E 15.75 16.00 16.25

 E1 13.90 14.00 14.10 Note 2

 B           0.30 – 0.45

 C 0.09 – 0.20

 L 0.45 –  0.75

 e  0.80 TYP
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