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bit microcontrollers provide high performance and are
used in complex applications requiring advanced
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General-purpose microcontrollers are versatile and used in
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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
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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 and Figure 3. Either a quartz crystal or a ceramic resonator may be used.

External Clock

If the oscillator is to be used as a clock for an external device, the clock signal from XTAL2 may be routed to one HC buffer,
while reducing the load capacitor by 5 pF, as shown in Figure 3. To drive the device from an external clock source, XTAL2
should be left unconnected while XTAL1 is driven as shown in Figure 4. 

Figure 2.  Oscillator Connections 

Figure 3.  Using MCU Oscillator as a Clock for an External Device

Figure 4.  External Clock Drive Configuration

XTAL1
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XTAL2
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ALU - Arithmetic Logic Unit
The high-performance AVR ALU operates in direct connection with all the 32 general purpose working registers. Within a
single clock cycle, ALU operations between registers in the register file are executed. The ALU operations are divided into
three main categories - arithmetic, logical, and bit-functions.

In-System Programmable Flash Program Memory 
The AT90S2333/4433 contains 2K/4K bytes on-chip In-System Programmable Flash memory for program storage. Since
all instructions are 16-or 32-bit words, the Flash is organized as 1K/2K x 16. The Flash memory has an endurance of at
least 1000 write/erase cycles. The AT90S2333/4433 Program Counter (PC) is 10/11 bits wide, thus addressing the
1024/2048 program memory addresses. See page 78 for a detailed description on Flash data downloading. See page 10
for the different program memory addressing modes.

Figure 9.  SRAM Organization

SRAM Data Memory
The figure above shows how the AT90S2333/4433 SRAM Memory is organized.

The lower 224 Data Memory locations address the Register file, the I/O Memory and the internal data SRAM. The first 96
locations address the Register File and I/O Memory, and the next 128 locations address the internal data SRAM.

The five different addressing modes for the data memory cover: Direct, Indirect with Displacement, Indirect, Indirect with
Pre-Decrement, and Indirect with Post-Increment. In the register file, registers R26 to R31 feature the indirect addressing
pointer registers.

The direct addressing reaches the entire data space. The Indirect with Displacement mode features a 63 address locations
reach from the base address given by the Y or Z-register.

When using register indirect addressing modes with automatic pre-decrement and post-increment, the address registers X,
Y and Z are decremented and incremented.

Register File Data Address Space

R0 $0000

R1 $0001

R2 $0002

… …

R29 $001D

R30 $001E

R31 $001F

I/O Registers

$00 $0020

$01 $0021

$02 $0022

… …

$3D $005D

$3E $005E

$3F $005F

Internal SRAM

$0060

$0061

…

$00DE

$00DF
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Constant Addressing Using the LPM Instruction

Figure 18.  Code Memory Constant Addressing

Constant byte address is specified by the Z-register contents. The 15 MSBs select word address (0 - 1K/2K), the LSB
selects low byte if cleared (LSB = 0) or high byte if set (LSB = 1).

Indirect Program Addressing, IJMP and ICALL

Figure 19.  Indirect Program Memory Addressing

Program execution continues at address contained by the Z-register (i.e. the PC is loaded with the contents of the Z-
register). 

Relative Program Addressing, RJMP and RCALL

Figure 20.  Relative Program Memory Addressing

Program execution continues at address PC + k + 1. The relative address k is from -2048 to 2047.

$3FF/$7FF

$000
PROGRAM MEMORY

$3FF/$7FF

$000
PROGRAM MEMORY

$3FF/$7FF

$000
PROGRAM MEMORY
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$00e MAIN: ldi r16,low(RAMEND); Main program start

$00f out SP,r16;

$010 <instr>  xxx ; 

  …  …     …  … 

Reset Sources

The AT90S2333/4433 has four sources of reset:
• Power-On Reset. The MCU is reset when the supply voltage is below the power-on reset threshold (VPOT).

• External Reset. The MCU is reset when a low level is present on the RESET pin for more than 50 ns.

• Watchdog Reset. The MCU is reset when the Watchdog timer period expires and the Watchdog is enabled.

• Brown-Out Reset. The MCU is reset when the supply voltage VCC falls below a certain voltage.

During reset, all I/O registers are then set to their initial values, and the program starts execution from address $000. The
instruction placed in address $000 must be an RJMP - relative jump - instruction to the reset handling routine. If the pro-
gram never enables an interrupt source, the interrupt vectors are not used, and regular program code can be placed at
these locations. The circuit diagram in Figure 24 shows the reset logic. Table 4 and Table 5 define the timing and electrical
parameters of the reset circuitry.

Figure 24.  Reset Logic

Note: The Power-On Reset will not work unless the supply voltage has been below Vpot (falling).

Table 4.  Reset Characteristics (VCC = 5.0V)

Symbol Parameter Min Typ Max Units

VPOT

Power-On Reset Threshold Voltage, 
rising

1.0 1.4 1.8 V

Power-On Reset Threshold Voltage, 
falling

0.4 0.6 0.8 V

VRST  RESET Pin Threshold Voltage 0.6VCC V

VBOT Brown-Out Reset Threshold Voltage
2.6 (BODLEVEL = 1) 2.7 (BODLEVEL = 1) 2.8 (BODLEVEL = 1)

V
3.8 (BODLEVEL = 0) 4.0 (BODLEVEL = 0) 4.2 (BODLEVEL = 0)

MCU Status
Register (MCUSR)

Brown-Out
Reset Circuit

BODEN
BODLEVEL

Delay Counters
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• Bits 5..2 - Res: Reserved bits

These bits are reserved bits in the AT90S2333/4433 and always read zero.
• Bits 1,0 - PWM11, PWM10: Pulse Width Modulator Select Bits

These bits select PWM operation of Timer/Counter1 as specified in Table 11. This mode is described on page 34.

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 trig-
gered at the first rising/falling edge sampled on the ICP - input capture pin - as specified. When the ICNC1 bit is set (one),
four successive samples are measured on the ICP - input capture pin, and all samples must be high/low according to the
input capture trigger specification in the ICES1 bit. The actual sampling frequency is the 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 - ICP. While the ICES1 bit is set (one), the Timer/Counter1 contents are transferred
to the Input Capture Register - ICR1 - on the rising edge of the input capture pin - ICP.
• Bits 5, 4 - Res: Reserved bits

These bits are reserved bits in the AT90S2333/4433 and always read 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 match. If
the CTC1 control bit is cleared, Timer/Counter1 continues counting and is unaffected by a compare match. Since the com-
pare 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 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, 0 | ...

In PWM mode, this bit has no effect.
• Bits 2,1,0 - CS12, CS11, CS10: Clock Select1, bit 2,1 and 0

The Clock Select1 bits 2,1 and 0 define the prescaling source of Timer/Counter1.

Table 11.   PWM Mode Select

PWM11 PWM10 Description

0 0 PWM operation of Timer/Counter1 is disabled

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

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
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Serial Peripheral Interface - SPI
The Serial Peripheral Interface (SPI) allows high-speed synchronous data transfer between the AT90S2333/4433 and
peripheral devices or between several AVR devices. The AT90S2333/4433 SPI features include the following:
• Full-Duplex, 3-Wire Synchronous Data Transfer

• Master or Slave Operation

• LSB First or MSB First Data Transfer

• Four Programmable Bit Rates

• End of Transmission Interrupt Flag

• Write Collision Flag Protection

• Wake-up from Idle Mode

Figure 36.  SPI Block Diagram

The interconnection between master and slave CPUs with SPI is shown in Figure 37. The PB5(SCK) pin is the clock output
in the master mode and is the clock input in the slave mode. Writing to the SPI data register of the master CPU starts the
SPI clock generator, and the data written shifts out of the PB3(MOSI) pin and into the PB3(MOSI) pin of the slave CPU.
After shifting one byte, the SPI clock generator stops, setting the end of transmission flag (SPIF). If the SPI interrupt enable
bit (SPIE) in the SPCR register is set, an interrupt is requested. The Slave Select input, PB2(SS), is set low to select an
individual slave SPI device. The two shift registers in the Master and the Slave can be considered as one distributed 16-bit
circular shift register. This is shown in Figure 37. When data is shifted from the master to the slave, data is also shifted in
the opposite direction, simultaneously. This means that during one shift cycle, data in the master and the slave are
interchanged.
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Figure 37.  SPI Master-Slave Interconnection

The system is single buffered in the transmit direction and double buffered in the receive direction. This means that bytes to
be transmitted cannot be written to the SPI Data Register before the entire shift cycle is completed. When receiving data,
however, a received byte must be read from the SPI Data Register before the next byte has been completely shifted in.
Otherwise, the first byte is lost.

When the SPI is enabled, the data direction of the MOSI, MISO, SCK and SS pins is overridden according to the following
table:

Note: See “Alternate Functions Of Port B” on page 60 for a detailed description og how to define the direction of the user defined 
SPI pins.

SS Pin Functionality
When the SPI is configured as a master (MSTR in SPCR is set), the user can determine the direction of the SS pin. If SS is
configured as an output, the pin is a general output pin which does not affect the SPI system. If SS is configured as an
input, it must be hold high to ensure Master SPI operation. If the SS pin is driven low by peripheral circuitry when the SPI is
configured as master with the SS pin defined as an input, the SPI system interprets this as another master selecting the
SPI as a slave and starting to send data to it. To avoid bus contention, the SPI system takes the following actions:

1. The MSTR bit in SPCR is cleared and the SPI system becomes a slave. As a result of the SPI becoming a slave, the 
MOSI and SCK pins become inputs.

2. The SPIF flag in SPSR is set, and if the SPI interrupt is enabled and the I-bit in SREG is set, the interrupt routine will 
be executed.

Thus, when interrupt-driven SPI transmittal is used in master mode, and there exists a possibility that SS is driven low, the
interrupt should always check that the MSTR bit is still set. Once the MSTR bit has been cleared by a slave select, it must
be set by the user to re-enale the SPI master mode.

When the SPI is configured as a slave, the SS pin is always input. When SS is held low, the SPI is activated and MISO
becomes an output if configured so by the user. All other pins are inputs. When SS is driven high, externally all pins are
inputs, and the SPI is passive, which means that it will not receive incoming data. Note that the SPI logic will be reset once
the SS pin is brought high. If the SS pin is brought high during a transmission, the SPI will stop sending and receiving
immediately and both data received and data sent must be considered as lost.

Table 17.  SPI Pin Direction Overrides

Pin Direction Overrides, Master SPI Mode Direction Overrides, Slave SPI Modes

MOSI User Defined Input

MISO Input User Defined

SCK User Defined Input

SS User Defined Input
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The receiver front-end logic samples the signal on the RXD pin at a frequency 16 times the baud rate. While the line is idle,
one single sample of logical zero will be interpreted as the falling edge of a start bit, and the start bit detection sequence is
initiated. Let sample 1 denote the first zero-sample. Following the 1 to 0-transition, the receiver samples the RXD pin at
samples 8, 9 and 10. If two or more of these three samples are found to be logical ones, the start bit is rejected as a noise
spike and the receiver starts looking for the next 1 to 0-transition.

If however, a valid start bit is detected, sampling of the data bits following the start bit is performed. These bits are also
sampled at samples 8, 9 and 10. The logical value found in at least two of the three samples is taken as the bit value. All
bits are shifted into the transmitter shift register as they are sampled. Sampling of an incoming character is shown in Figure
42.

Figure 42.  Sampling Received Data

When the stop bit enters the receiver, the majority of the three samples must be one to accept the stop bit. If two or more
samples are logical zeros, the Framing Error (FE) flag in the UART Status Register (USR) is set. Before reading the UDR
register, the user should always check the FE bit to detect Framing Errors.

Whether or not a valid stop bit is detected at the end of a character reception cycle, the data is transferred to UDR and the
RXC flag in USR is set. UDR is in fact two physically separate registers, one for transmitted data and one for received data.
When UDR is read, the Receive Data register is accessed, and when UDR is written, the Transmit Data register is
accessed. If 9 bit data word is selected (the CHR9 bit in the UART Control Register, UCR is set), the RXB8 bit in UCR is
loaded with bit 9 in the Transmit shift register when data is transferred to UDR.

If, after having received a character, the UDR register has not been read since the last receive, the OverRun (OR) flag in
UCR is set. This means that the last data byte shifted into to the shift register could not be transferred to UDR and has been
lost. The OR bit is buffered, and is updated when the valid data byte in UDR is read. Thus, the user should always check
the OR bit after reading the UDR register in order to detect any overruns if the baud rate is high or CPU load is high.

When the RXEN bit in the UCR register is cleared (zero), the receiver is disabled. This means that the PD0 pin can be used
as a general I/O pin. When RXEN is set, the UART Receiver will be connected to PD0, which is forced to be an input pin
regardless of the setting of the DDD0 bit in DDRD. When PD0 is forced to input by the UART, the PORTD0 bit can still be
used to control the pull-up resistor on the pin.

When the CHR9 bit in the UCR register is set, transmitted and received characters are 9-bit long plus start and stop bits.
The 9th data bit to be transmitted is the TXB8 bit in UCR register. This bit must be set to the wanted value before a trans-
mission is initated by writing to the UDR register. The 9th data bit received is the RXB8 bit in the UCR register.

Multi-Processor Communication Mode

The Multi-Processor Communication Mode enables several slave MCUs to receive data from a master MCU. This is done
by first decoding an address byte to find out which MCU has been addressed. If a particular slave MCU has been
addressed, it will receive the following data bytes as normal, while the other slave MCUs will ignore the data bytes until
another address byte is received.

For an MCU to act as a master MCU, it should enter 9-bit transmission mode (CHR9 in UCSRB set). The 9th bit must be
one to indicate that an address byte is being transmitted, and zero to indicate that a data byte is being transmitted.

For the slave MCUs, the mechanism appears slightly differently for 8-bit and 9-bit reception mode. In 8-bit reception mode
(CHR9 in UCSRB cleared), the stop bit is one for an address byte and zero for a data byte. In 9-bit reception mode (CHR9
in UCSRB set), the 9th bit is one for an address byte and zero for a data byte, whereas the stop bit is always high.

The following procedure should be used to exchange data in Multi-Processor Communication Mode:

1. All slave MCUs are in Multi-Processor Communication Mode (MPCM in UCSRA is set).

2. The master MCU sends an address byte, and all slaves receive and read this byte. In the slave MCUs, the RXC flag 
in UCSRA will be set as normal.
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• Bit 3 - OR: OverRun

This bit is set if an Overrun condition is detected, i.e. when a character already present in the UDR register is not read
before the next character has been shifted into the Receiver Shift register. The OR bit is buffered, which means that it will
be set once the valid data still in UDRE is read.

The OR bit is cleared (zero) when data is received and transferred to UDR.
• Bits 2..1 - Res: Reserved bits

These bits are reserved bits in the AT90S2333/4433 and will always read as zero.
• Bit 0 - MPCM: Multi-Processor Communication Mode

This bit is used to enter Multi-Processor Communication Mode. The bit is set when the slave MCU waits for an address
byte to be received. When the MCU has been addressed, the MCU switches off the MPCM bit, and starts data reception.

For a detailed description, see “Multi-Processor Communication Mode”.

UART Control and Status Registers - UCSRB

• Bit 7 - RXCIE: RX Complete Interrupt Enable

When this bit is set (one), a setting of the RXC bit in USR will cause the Receive Complete interrupt routine to be executed
provided that global interrupts are enabled.
• Bit 6 - TXCIE: TX Complete Interrupt Enable

When this bit is set (one), a setting of the TXC bit in USR will cause the Transmit Complete interrupt routine to be executed
provided that global interrupts are enabled.
• Bit 5 - UDRIE: UART Data Register Empty Interrupt Enable

When this bit is set (one), a setting of the UDRE bit in USR will cause the UART Data Register Empty interrupt routine to be
executed provided that global interrupts are enabled.
• Bit 4 - RXEN: Receiver Enable

This bit enables the UART receiver when set (one). When the receiver is disabled, the TXC, OR and FE status flags cannot
become set. If these flags are set, turning off RXEN does not cause them to be cleared.
• Bit 3 - TXEN: Transmitter Enable

This bit enables the UART transmitter when set (one). When disabling the transmitter while transmitting a character, the
transmitter is not disabled before the character in the shift register plus any following character in UDR has been com-
pletely transmitted.
• Bit 2 - CHR9: 9 Bit Characters

When this bit is set (one) transmitted and received characters are 9 bit long plus start and stop bits. The 9th bit is read and
written by using the RXB8 and TXB8 bits in UCR, respectively. The 9th data bit can be used as an extra stop bit or a parity
bit.
• Bit 1 - RXB8: Receive Data Bit 8

When CHR9 is set (one), RXB8 is the 9th data bit of the received character.

• Bit 0 - TXB8: Transmit Data Bit 8

When CHR9 is set (one), TXB8 is the 9th data bit in the character to be transmitted.

Baud Rate Generator

The baud rate generator is a frequency divider which generates baud-rates according to the following equation:

• BAUD = Baud-Rate

• fCK= Crystal Clock frequency

• UBR = Contents of the UBRRH and UBRR registers, (0-4095)

Bit 7 6 5 4 3 2 1 0

$0A ($2A) RXCIE TXCIE UDRIE RXEN TXEN CHR9 RXB8 TXB8 UCSRB

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

Initial value 0 0 0 0 0 0 1 0

BAUD
fCK

16(UBR 1 )+
---------------------------------=
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UART Baud Rate Register - UBRR

This is a 12-bit register which contains the UART Baud Rate according to the equation on the previous page. The UBRRHI
contains the 4 most significant bits, and the UBRR contains the 8 least significant bits of the UART Baud Rate.

Analog Comparator
The analog comparator compares the input values on the positive input PD6 (AIN0) and negative input PD7 (AIN1). When
the voltage on the positive input PD6 (AIN0) is higher than the voltage on the negative input PD7 (AIN1), the Analog Com-
parator Output, ACO is set (one). The comparator’s output can be set to trigger the Timer/Counter1 Input Capture function.
In addition, the comparator can trigger a separate interrupt, exclusive to the Analog Comparator. The user can select Inter-
rupt triggering on comparator output rise, fall or toggle. A block diagram of the comparator and its surrounding logic is
shown in Figure 43.

Figure 43.  Analog Comparator Block Diagram

Analog Comparator Control And Status Register - ACSR

• Bit 7 - ACD: Analog Comparator Disable

When this bit is set(one), the power to the analog comparator is switched off. This bit can be set at any time to turn off the
analog comparator. When changing the ACD bit, the Analog Comparator Interrupt must be disabled by clearing the ACIE
bit in ACSR. Otherwise an interrupt can occur when the bit is changed.

Bit 15 14 13 12 11 10 9 8

$03 ($23) - - - - MSB LSB UBRRHI

$09 ($29) MSB LSB UBRR

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

$08 ($28) ACD AINBG ACO ACI ACIE ACIC ACIS1 ACIS0 ACSR

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

Initial value 0 0 0 0 0 0 0 0
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Analog to Digital Converter
Feature list:
• 10-bit Resolution

• ± 2 LSB Absolute Accuracy

• 0.5 LSB Integral Non-Linearity

• 65 - 260 µs Conversion Time

• Up to 15 kSPS

• 6 Multiplexed Input Channels

• Rail-to-Rail Input Range

• Free Run or Single Conversion Mode

• Interrupt on ADC conversion complete.

• Sleep Mode Noise Canceler

The AT90S2333/4433 features a 10-bit successive approximation ADC. The ADC is connected to a 6-channel Analog Mul-
tiplexer which allows each pin of Port C to be used as an input for the ADC. The ADC contains a Sample and Hold Amplifier
which ensures that the input voltage to the ADC is held at a constant level during conversion. A block diagram of the ADC
is shown in Figure 44.

The ADC has two separate analog supply voltage pins, AVCC and AGND. AGND must be connected to GND, and the volt-
age on AVCC must not differ more than ± 0.3 V from VCC. See the paragraph ADC Noise Canceling Techniques on how to
connect these pins.

An external reference voltage must be applied to the AREF pin. This voltage must be in the range AGND - AVCC.

Figure 44.  Analog to Digital Converter Block Schematic

Operation
The ADC can operate in two modes - Single Conversion and Free Run Mode. In Single Conversion Mode, each conversion
will have to be initiated by the user. In Free Run Mode the ADC is constantly sampling and updating the ADC Data Regis-
ter. The ADFR bit in ADCSR selects between the two available modes.

The ADMUX register selects which one of the six analog input channels to be used as input to the ADC. 
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Figure 48.  ADC Timing Diagram, Free Run Conversion

ADC Noise Canceler Function
The ADC features a noise canceler that enables conversion during idle mode to reduce noise induced from the CPU core.
To make use of this feature, the following procedure should be used:

1. Make sure that the ADC is enabled and is not busy converting. Single Conversion Mode must be selected and the 
ADC conversion complete interrupt must be enabled. Thus:

ADEN = 1

ADSC = 0

ADFR = 0

ADIE = 1

2. Enter idle mode. The ADC will start a conversion once the CPU has been halted.

3. If no other interrupts occur before the ADC conversion completes, the ADC interrupt will wake up the MCU and exe-
cute the ADC conversion complete interrupt routine.

ADC Multiplexer Select Register - ADMUX

• Bit 7 - Res: Reserved Bits

These bits are reserved bits in the AT90S2333/4433, and should be written to zero if accessed.
• Bit 6 - ADCBG: ADC Bandgap Select

When this bit is set and the BOD is enabled (BODEN fuse is programmed), a fixed bandgap voltage of 1.22 ± 0.05V
replaces the normal input to the ADC. When this bit is cleared, the normal input pin (as selected by MUX2..MUX0) is
applied to the ADC.
• Bit 5..3 - Res: Reserved Bits

These bits are reserved bits in the AT90S2333/4433, and should be written to zero if accessed.
• Bits 2..0 - MUX2..MUX0: Analog Channel Select Bits 2-0

The value of these three bits selects which analog input 5-0 is connected to the ADC.

Bit 7 6 5 4 3 2 1 0

$07 ($27) - ADCBG - - - MUX2 MUX1 MUX0 ADMUX

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

Initial value 0 0 0 0 0 0 0 0

11 12 13

MSB of result

LSB of result

ADC clock

ADSC

Hold strobe

ADIF

ADCH

ADCL

Cycle number
1 2

One Conversion Next 
Conversion
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The Port B Input Pins address - PINB - is not a register, and this address enables access to the physical value on each Port
B pin. When reading PORTB, the Port B Data Latch is read, and when reading PINB, the logical values present on the pins
are read.

Port B As General Digital I/O

All 6 pins in Port B have equal functionality when used as digital I/O pins. 

PBn, General I/O pin: The DDBn bit in the DDRB register selects the direction of this pin, if DDBn is set (one), PBn is con-
figured as an output pin. If DDBn is cleared (zero), PBn is configured as an input pin. If PORTBn is set (one) when the pin
configured as an input pin, the MOS pull up resistor is activated. To switch the pull up resistor off, the PORTBn has to be
cleared (zero) or the pin has to be configured as an output pin.The port pins are tristated when a reset condition becomes
active, even if the clock is not running.

Note: n: 5…0, pin number.

Alternate Functions Of Port B

The alternate pin configuration is as follows:
• SCK - Port B, Bit 5

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 DDB5. When the SPI is enabled as a master, the data direction of this pin is con-
trolled by DDB5. When the pin is forced to be an input, the pull-up can still be controlled by the PORTB5 bit. See the
description of the SPI port for further details.
• MISO - Port B, Bit 4

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 DDB4. When the SPI is enabled as a slave, the data direction of this pin is controlled
by DDB4. When the pin is forced to be an input, the pull-up can still be controlled by the PORTB4 bit. See the description of
the SPI port for further details.
• MOSI - Port B, Bit 3

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 DDB3. When the SPI is enabled as a master, the data direction of this pin is con-
trolled 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.
• SS - Port B, Bit 2

SS: Slave port select input. When the SPI is enabled as a slave, this pin is configured as an input regardless of the setting
of DDB2. As a slave, the SPI is activated when this pin is driven low. When the SPI is enabled as a master, the data direc-
tion 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.
• OC1 - Port B, Bit1

OC1, Output compare match output: PB1 pin can serve as an external output for the Timer/Counter1 output compare. The
pin has to be configured as an output (DDB1 set (one)) to serve this function. See the timer description on how to enable
this function. The OC1 pin is also the output pin for the PWM mode timer function.
• ICP- Port B, Bit0

ICP, Input Capture Pin: PB0 pin can serve as an external input for the Timer/Counter1 input capture. The pin has to be con-
figured as an input (DDB0 cleared (zero)) to serve this function. See the timer description on how to enable this function.

Table 24.  DDBn Effects on Port B Pins

DDBn PORTBn I/O Pull Up Comment

0 0 Input No Tri-state (Hi-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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Note: n: 7,6…0, pin number.

Alternate Functions Of Port D
• AIN1 - Port D, Bit 7

AIN1, Analog Comparator Negative Input. When configured as an input (DDD7 is cleared (zero)) and with the internal MOS
pull up resistor switched off (PD7 is cleared (zero)), this pin also serves as the negative input of the on-chip analog compar-
ator. During power down mode, the schmitt trigger of the digital input is disconnected. This allows analog signals which are
close to VCC/2 to be present during power down without causing excessive power consumption.
• AIN0 - Port D, Bit 6

AIN0, Analog Comparator Positive Input. When configured as an input (DDD6 is cleared (zero)) and with the internal MOS
pull up resistor switched off (PD6 is cleared (zero)), this pin also serves as the positive input of the on-chip analog compar-
ator. During power down mode, the schmitt trigger of the digital input is disconnected. This allows analog signals which are
close to VCC/2 to be present during power down without causing excessive power consumption.
• T1 - Port D, Bit 5

T1, Timer/Counter1 counter source. See the timer description for further details
• T0 - Port D, Bit 4

T0: Timer/Counter0 counter source. See the timer description for further details.
• INT1 - Port D, Bit 3

INT1, External Interrupt source 1: The PD3 pin can serve as an external interrupt source to the MCU. See the interrupt
description for further details, and how to enable the source.
• INT0 - Port D, Bit 2

INT0, External Interrupt source 0: The PD2 pin can serve as an external interrupt source to the MCU. See the interrupt
description for further details, and how to enable the source.
• TXD - Port D, Bit 1

Transmit Data (Data output pin for the UART). When the UART transmitter is enabled, this pin is configured as an output
regardless of the value of DDD1.
• RXD - Port D, Bit 0

Receive Data (Data input pin for the UART). When the UART receiver is enabled this pin is configured as an input regard-
less of the value of DDD0. When the UART forces this pin to be an input, a logical one in PORTD0 will turn on the internal
pull-up.

Table 27.  DDDn Bits on Port D Pins

DDDn PORTDn I/O Pull Up Comment

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

0 1 Input Yes PDn 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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Port D Schematics

Note that all port pins are synchronized. The synchronization latches are however, not shown in the figures.

Figure 57.  Port D Schematic Diagram (Pin PD0)

Figure 58.  Port D Schematic Diagram (Pin PD1)
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Memory Programming

Program and Data Memory Lock Bits
The AT90S2333/4433 MCU provides two Lock bits which can be left unprogrammed (‘1’) or can be programmed (‘0’) to
obtain the additional features listed in Table 28. The Lock bits can only be erased 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 AT90S2333/4433 has six Fuse bits, SPIEN, BODLEVEL, BODEN and CKSEL2..0.
• When the SPIEN Fuse is programmed (‘0’), Serial Program and Data Downloading is enabled. Default value is 

programmed (‘0’). This bit is not accessible in serial programming mode.

• The BODLEVEL Fuse selects the Brown-Out Detection Level and changes the Start-up times. See “Brown-Out 
Detection” on page 21. Default value is unprogrammed (‘1’).

• When the BODEN Fuse is programmed (‘0’), the Brown- Out Detector is enabled. See “Brown-Out Detection” on 
page 21. Default value is unprogrammed (‘1’).

• CKSEL2..0: See Table 5, “Reset Delay Selections”, for which combination of CKSEL2..0 to use. Default value is ‘010’.

Signature Bytes
All Atmel microcontrollers have a three-byte signature code which 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 AT90S4433(1) they are:

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

2. $001: $92 (indicates 4KB Flash memory)

3. $002: $03 (indicates AT90S4433 device when signature byte $001 is $92)

For AT90S2333(1) they are:

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

2. $001: $91 (indicates 2KB Flash memory)

3. $002: $05 (indicates AT90S2333 device when signature byte $001 is $91)

Note: 1. When both Lock bits are programmed (Lock mode 3), the signature bytes can not be read in serial mode. Reading the signa-
ture bytes will return: $00, $01 and $02.

Programming the Flash and EEPROM
Atmel’s AT90S2333/4433 offers 2K/4K bytes of in-system reprogrammable Flash Program memory and 128/256 bytes of
EEPROM Data memory.

The AT90S2333/4433 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 High-Voltage (12V) Parallel programming mode
and a Low-Voltage Serial programming mode. The +12V is used for programming enable only, and no current of signifi-
cance is drawn by this pin. The serial programming mode provides a convenient way to download program and data into
the AT90S2333/4433 inside the user’s system.

Table 28.  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.
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Notes: 1. “Max” means the highest value where the pin is guaranteed to be read as low (logical zero).
2. “Min” means the lowest value where the pin is guaranteed to be read as high (logical one).
3. Although each I/O port can sink more than the test conditions (20mA at Vcc = 5V, 10mA at Vcc = 3V) under steady state 

conditions ( non-transient), the following must be observed:
1] The sum of all IOL, for all ports, should not exceed 300 mA.
2] The sum of all IOL, for port C0-C5 , should not exceed 100 mA.
3] The sum of all IOL, for ports B0-B5, D0-D7 and XTAL2, should not exceed 200 mA.
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test condition.

4. Although each I/O port can source more than the test conditions (3mA at Vcc = 5V, 1.5mA at Vcc = 3V) under steady state 
conditions ( non-transient), the following must be observed:
1] The sum of all IOL, for all ports, should not exceed 300 mA.
2] The sum of all IOL, for port C0-C5 , should not exceed 100 mA.
3] The sum of all IOL, for ports B0-B5, D0-D7 and XTAL2, should not exceed 200 mA.
If IOH exceeds the test condition, VOH may exceed the related specification. Pins are not guaranteed to source current 
greater than the listed test condition.

5. Minimum VCC for Power Down is 2V.

VACIO
Analog Comparator Input 
Offset Voltage

VCC = 5V 40 mV

IACLK
Analog Comparator Input 
Leakage A

VCC = 5V
Vin = VCC/2

-50 50 nA

tACPD
Analog Comparator 
Propagation Delay

VCC = 2.7V
VCC = 4.0V

750
500

ns

DC Characteristics
TA = -40°C to 85°C, VCC = 2.7V to 6.0V (unless otherwise noted)  (Continued)

Symbol Parameter Condition Min Typ Max Units



AT90S/LS2333 and AT90S/LS4433

87

Figure 71.  Active Supply Current vs. VCC

Figure 72.  Idle Supply Current vs. Frequency
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Ordering Information
Power Supply Speed (MHz) Ordering Code Package Operation Range

2.7 - 6.0V 4 AT90LS2333-4AC
AT90LS2333-4PC

32A
28P3

Commercial
(0°C to 70°C)

AT90LS2333-4AI
AT90LS2333-4PI

32A
28P3

Industrial
(-40°C to 85°C)

4.0 - 6.0V 8 AT90S2333-8AC
AT90S2333-8PC

32A
28P3

Commercial
(0°C to 70°C)

AT90S2333-8AI
AT90S2333-8PI

32A
28P3

Industrial
(-40°C to 85°C)

2.7 - 6.0V 4 AT90LS4433-4AC
AT90LS4433-4PC

32A
28P3

Commercial
(0°C to 70°C)

AT90LS4433-4AI
AT90LS4433-4PI

32A
28P3

Industrial
(-40°C to 85°C)

4.0 - 6.0V 8 AT90S4433-8AC
AT90S4433-8PC

32A
28P3

Commercial
(0°C to 70°C)

AT90S4433-8AI
AT90S4433-8PI

32A
28P3

Industrial
(-40°C to 85°C)

Package Type

28P3 28-lead, 0.300” Wide, Plastic Dual in Line Package (PDIP)

32A 32-lead, Thin (1.0 mm) Plastic Gull Wing Quad Flat Package (TQFP)
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