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Architectural

Overview
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The fast-access register file concept contains 32 x 8-bit general-purpose working regis-
ters with a single clock cycle access time. This means that during one single clock cycle,
one ALU (Arithmetic Logic Unit) operation is executed. Two operands are output from
the register file, the operation is executed and the result is stored back in the register file
—in one clock cycle.

Six of the 32 registers can be used as three 16-bit indirect address register pointers for
Data Space addressing, enabling efficient address calculations. One of the three
address pointers is also used as the address pointer for the constant table look-up func-
tion. These added function registers are the 16-bit X-, Y-, and Z-register.

Figure 5. The AT90S2323/2343 AVR RISC Architecture
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The ALU supports arithmetic and logic functions between registers or between a con-
stant and a register. Single register operations are also executed in the ALU. Figure 5
shows the AT90S2323/2343 AVR RISC microcontroller architecture.

In addition to the register operation, the conventional memory addressing modes can be
used on the register file as well. This is enabled by the fact that the register file is
assigned the 32 lowermost Data Space addresses ($00 - $1F), allowing them to be
accessed as though they were ordinary memory locations.

The 1/O memory space contains 64 addresses for CPU peripheral functions such as
Control Registers, Timer/Counters, A/D converters and other I/O functions. The 1/0
memory can be accessed directly or as the Data Space locations following those of the
register file, $20 - $5F.

AIMEL 7
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SRAM Data Memory Figure 9 shows how the AT90S2323/2343 Data Memory is organized.

Figure 9. SRAM Organization

Register File Data Address Space
RO $00
R1 $01
R2 $02

R29 $1D
R30 $1E
R31 $1F

1/0 Registers
$00 $20
$01 $21
$02 $22

$3D $5D
$3E $5E
$3F $5F
Internal SRAM
$60
$61
$62
$DD
$DE
$DF

The 224 data memory locations address the Register file, I/O memory and the data
SRAM. The first 96 locations address the Register file + I/O memory, and the next 128
locations address the data SRAM.

The five different addressing modes for the data memory cover: Direct, Indirect with Dis-
placement, 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 address space.

The Indirect with Displacement mode features 63 address locations reached from the
base address given by the Y- and Z-register.

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

The 32 general-purpose working registers, 64 1/0 registers and the 128 bytes of data
SRAM in the AT90S2323/2343 are all directly accessible through all these addressing
modes.

AIMEL 1
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I/O Direct Figure 12. 1/0O Direct Addressing
/O MEMORY

OP n P

63

Operand address is contained in six bits of the instruction word. n is the destination or
source register address.

Data Direct Figure 13. Direct Data Addressing
Data Space
31 20 19 16 $00
oP Rr/Rd
16 LSBs
15 0

$DF

A 16-bit data address is contained in the 16 LSBs of a 2-word instruction. Rd/Rr specify
the destination or source register.

Data Indirect with Figure 14. Data Indirect with Displacement
Displacement Data Space
$00
15 0
Y OR Z - REGISTER
> + >
o/
15 10 65 0
OoP n a |
$DF

Operand address is the result of the Y- or Z-register contents added to the address con-
tained in six bits of the instruction word.

AIMEL 13
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Data Indirect

Data Indirect with Pre-
decrement

Data Indirect with Post-
increment

AIMEL

Figure 15. Data Indirect Addressing

Data Space
$00
15 0
X, Y OR Z - REGISTER H
$DF
Operand address is the contents of the X-, Y-, or the Z-register.
Figure 16. Data Indirect Addressing with Pre-decrement
Data Space
$00
15 0
—>| X, Y OR Z - REGISTER
+ >
-1
$DF

The X-, Y-, or the Z-register is decremented before the operation. Operand address is
the decremented contents of the X-, Y-, or the Z-register.

Figure 17. Data Indirect Addressing with Post-increment
Data Space

$00
15 0

|
E| X, Y OR Z - REGISTER |

+

$DF

The X-, Y-, or the Z-register is incremented after the operation. Operand address is the
content of the X-, Y-, or the Z-register prior to incrementing.
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Constant Addressing Using Figure 18. Code Memory Constant Addressing

the LPM Instruction PROGRAM MEMORY

$000

10
Z - REGISTER |

$3FF

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

Indirect Program Addressing, Figure 19. Indirect Program Memory Addressing
IJMP and ICALL PROGRAM MEMORY

$000

Z - REGISTER

$3FF

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, Figure 20. Relative Program Memory Addressing

RJMP and RCALL PROGRAM MEMORY

$000
15 0
PC —
)4
€+)—>
15 12 11 0
[ o ] K I
I $3FF

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

AIMEL 15
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Stack Pointer — SPL

Reset and Interrupt
Handling
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e Bit 0 - C: Carry Flag

The carry flag C indicates a carry in an arithmetical or logical operation. See the Instruc-
tion Set description for detailed information.

Note that the Status Register is not automatically stored when entering an interrupt rou-
tine and restored when returning from an interrupt routine. This must be handled by
software.

An 8-bit register at I/0 address $3D ($5D) forms the stack pointer of the
AT90S2323/2343. Eight bits are used to address the 128 bytes of SRAM in locations
$60 - $DF.

Bit 7 6 5 4 3 2 1 0
$3D(ssD) | sp7 | sp6 | sP5 SP4 SP3 SP2 SP1 spo | sPL
Read/Write RW RW RW RW RIW RW RW RW

Initial Value 0 0 0 0 0 0 0 0

The Stack Pointer points to the data SRAM stack area where the Subroutine and Inter-
rupt stacks are located. This stack space in the data SRAM must be defined by the
program before any subroutine calls are executed or interrupts are enabled. The Stack
Pointer must be set to point above $60. The Stack Pointer is decremented by 1 when
data is pushed onto the Stack with the PUSH instruction and it is decremented by 2
when an address is pushed onto the stack with subroutine calls and interrupts. The
Stack Pointer is incremented by 1 when data is popped from the stack with the POP
instruction and it is incremented by 2 when an address is popped from the stack with
return from subroutine RET or return from interrupt RETI.

The AT90S2323/2343 provides two interrupt sources. These interrupts and the separate
reset vector each have a separate program vector in the program memory space. Both
interrupts are assigned individual enable bits that must be set (one) together with the
I-bit in the Status Register in order to enable the interrupt.

The lowest addresses in the program memory space are automatically defined as the
Reset and Interrupt vectors. The complete list of vectors is shown in Table 3. The list
also determines the priority levels of the interrupts. The lower the address, the higher
the priority level. RESET has the highest priority, and next is INTO (the External Interrupt
Request 0), etc.

Table 3. Reset and Interrupt Vectors

Vector No. | Program Address | Source Interrupt Definition

Hardware Pin, Power-on Reset and

1 $000 RESET Watchdog Reset
2 $001 INTO External Interrupt Request 0
3 $002 TIMERO, OVFO | Timer/Counter0 Overflow

AIMEL 19
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The most typical program setup for the Reset and Interrupt vector addresses are:

Address Labels Code Comments
$000 rjmp RESET ; Reset Handler
$001 rjmp EXT_INTO ; IRQO Handler
$002 rjmp TIM_OVFO ; Timer0O Overflow
; Handler;
$003 MAIN: 1di rl6, low(RAMEND) ; Main program start

out SPL, rlé6

<instr> xxx

Reset Sources The AT90S2323/2343 provides three sources of reset:

e Power-on Reset. The MCU is reset when the supply voltage is below the Power-on
Reset threshold (Vpgr).

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

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

During reset, all I/O registers are set to their initial values and the program starts execu-
tion from address $000. The instruction placed in address $000 must be an RJMP
(relative jump) instruction to the reset handling routine. If the program 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 defines the timing and electrical parameters of the reset circuitry.

Figure 24. Reset Logic
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The AT90S/LS2323 has a programmable start-up time. A fuse bit (FSTRT) in the Flash
memory selects the shortest start-up time when programmed (“0”). The AT90S/LS2323
is shipped with this bit unprogrammed.

The AT90S/LS2343 has a fixed start-up time.

20 AT90S/LS2323/2343 me—
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General Interrupt Flag
Register — GIFR

Timer/Counter Interrupt Mask
Register — TIMSK

Timer/Counter Interrupt FLAG
Register — TIFR

1004D-09/01

Bit 7 6 5 4 3 2 1 0

$3a5A) | - [INTFO| - - - - - | - | arr
Read/Write R RW R R R R R R

Initial Value 0 0

¢ Bit 7 — Res: Reserved Bit

This bit is a reserved bit in the AT9052323/2343 and always reads as zero.
¢ Bit 6 — INTFO: External Interrupt Flag0

When an edge on the INTO pin triggers an interrupt request, the corresponding interrupt
flag, INTFO becomes set (one). If the I-bit in SREG and the corresponding interrupt
enable bit, INTO in GIMSK, is set (one), the MCU will jump to the interrupt vector. The
flag is cleared when the interrupt routine is executed. Alternatively, the flag is cleared by
writing a logical “1” to it. This flag is always cleared when INTO is configured as level
interrupt.

¢ Bits 5..0 — Res: Reserved Bits
These bits are reserved bits in the AT9052323/2343 and always read as zero.

Bit 7 6 5 4 3 2 1 0

$39(859) | - - - - - - |ToE0 | - | TimMsk
Read/Write R R R R R R RW

Initial Value 0 0 0 0 0 0 0

¢ Bits 7..2 — Res: Reserved Bits

These bits are reserved bits in the AT90S2323/2343 and always read zero.

e Bit 1 — TOIEO: Timer/Counter0 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 (at vector

$002) is executed if an overflow in Timer/Counter0 occurs, i.e., when the Overflow Flag
(Timer/Counter0) is set (one) in the Timer/Counter Interrupt Flag Register (TIFR).

¢ Bit 0 — Res: Reserved Bit
This bit is a reserved bit in the AT90S2323/2343 and always reads as zero.

Bit 7 6 5 4 3 2 1 0

$38(s58) | - - - - - - TOVO - | TFR
Read/Write R R R R R R RW R

Initial Value 0 0 0 0 0 0 0

¢ Bits 7..2 — Res: Reserved Bits

These bits are reserved bits in the AT9052323/2343 and always read zero.
e Bit 1 — TOVO: Timer/Counter0 Overflow Flag

The bit TOVO is set (one) when an overflow occurs in Timer/Counter0. TOVO is cleared
by hardware when executing the corresponding interrupt handling vector. Alternatively,
TOVO is cleared by writing a logical “1” to the flag. When the SREG I-bit and TOIEOQ
(Timer/Counter0 Overflow Interrupt Enable) and TOVO are set (one), the
Timer/Counter0 Overflow Interrupt is executed.

AIMEL 25
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Sleep Modes

Idle Mode

Power-down Mode
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activate the interrupt are defined in Table 9. The value on the INTO1 pin is sampled
before detecting edges. If edge or toggle interrupt is selected, pulses that last longer
than one clock period will generate an interrupt. Shorter pulses are not guaranteed to
generate an interrupt. If low-level interrupt is selected, the low level must be held until
the completion of the currently executing instruction to generate an interrupt.

Table 9. Interrupt O Sense Control

ISCO1 ISC00 Description
0 0 The low level of INTO generates an interrupt request.
0 1 Reserved
1 0 The falling edge of INTO generates an interrupt request.
1 1 The rising edge of INTO generates an interrupt request.

To enter the sleep modes, the SE bit in MCUCR must be set (one) and a SLEEP instruc-
tion must be executed. If an enabled interrupt occurs while the MCU is in a sleep mode,
the MCU awakes, executes the interrupt routine and resumes execution from the
instruction following SLEEP. The contents of the register file, SRAM and I/O memory
are unaltered. If a reset occurs during Sleep mode, the MCU wakes up and executes
from the Reset vector.

When the SM bit is cleared (zero), the SLEEP instruction forces the MCU into the Idle
mode, stopping the CPU but allowing Timer/Counters, Watchdog and the interrupt sys-
tem to continue operating. This enables the MCU to wake up from external triggered
interrupts as well as internal ones like Timer Overflow interrupt and Watchdog reset.

When the SM bit is set (one), the SLEEP instruction forces the MCU into the Power-
down mode. In this mode, the external oscillator is stopped while the external interrupts
and the Watchdog (if enabled) continue operating. Only an external reset, a Watchdog
reset (if enabled), or an external level interrupt on INTO 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 pys (nominal) at 5.0V and 25°C. The frequency of
the Watchdog oscillator is voltage-dependent as shown in section “Typical Characteris-
tics” on page 49.

When waking up from Power-down mode, 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 equal to the clock reset period, as
shown in Table 4 and Table 5 on page 21.

If the wake-up condition disappears before the MCU wakes up and starts to execute,
e.g., a low-level on is not held long enough, the interrupt causing the wake-up will not be
executed.

AIMEL 27



Timer/Counter0 — TCNTO

Watchdog Timer

AIMEL

The Stop condition provides a Timer Enable/Disable function. The CK down divided
modes are scaled directly from the CK oscillator clock. If the external pin modes are
used for Timer/Counter0, transitions on PB2/(T0) will clock the counter even if the pin is
configured as an output. This feature can give the user software control of the counting.

Bit 7 6 5 4 3 2 1 0
$32($52) | wsB s | Tento
Read/Write R/W RW RW RW R/W RW RW R/W

Initial Value 0 0 0 0 0 0 0 0

The Timer/Counter0 is realized as an up-counter with read and write access. If the
Timer/Counter0 is written and a clock source is present, the Timer/Counter0 continues
counting in the timer clock cycle following the write operation.

The Watchdog Timer is clocked from a separate On-chip oscillator. By controlling the
Watchdog Timer prescaler, the Watchdog reset interval can be adjusted as shown in
Table 11. See characterization data for typical values at other V. levels. The WDR
(Watchdog Reset) instruction resets the Watchdog Timer. Eight different clock cycle
periods can be selected to determine the reset period. If the reset period expires without
another Watchdog reset, the AT90S2323/2343 resets and executes from the reset vec-
tor. For timing details on the Watchdog reset, refer to page 23.

To prevent unintentional disabling of the Watchdog, a special turn-off sequence must be
followed when the Watchdog is disabled. Refer to the description of the Watchdog Timer
Control Register for details.

Figure 31. Watchdog Timer
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Watchdog Timer Control

Register - WDTCR
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Bit 7 6 5 4 3 2 1 0
$21 ($41) I - - - WDTOE WDE WDP2 WDP1 WDPO I WDTCR
Read/Write R R R R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

¢ Bits 7..5 — Res: Reserved Bits

These bits are reserved bits in the AT9052323/2343 and will always read as zero.
¢ Bit 4 - WDTOE: Watchdog Turn-off Enable

This bit must be set (one) when the WDE bit is cleared. Otherwise, the Watchdog will
not be disabled. Once set, hardware will clear this bit to zero after four clock cycles.
Refer to the description of the WDE bit for a Watchdog disable procedure.

e Bit 3 — WDE: Watchdog Enable

When the WDE is set (one) the Watchdog Timer is enabled and if the WDE is cleared
(zero) the Watchdog Timer function is disabled. WDE can only be cleared if the WDTOE
bit is set (one). To disable an enabled Watchdog Timer, the following procedure must be
followed:
1. Inthe same operation, write a logical “1” to WDTOE and WDE. A logical “1” must
be written to WDE even though it is set to “1” before the disable operation starts.
2. Within the next four clock cycles, write a logical “0” to WDE. This disables the
Watchdog.

¢ Bits 2..0 - WDP2, WDP1, WDPO: Watchdog Timer Prescaler 2, 1 and 0

The WDP2, WDP1 and WDPO bits determine the Watchdog Timer prescaling when the
Watchdog Timer is enabled. The different prescaling values and their corresponding
time-out periods are shown in Table 11.

Table 11. Watchdog Timer Prescale Select

Number of WDT Typical Time-out Typical Time-out

WDP2 | WDP1 | WDPO | Oscillator Cycles | at V¢ = 3.0V at Voo = 5.0V
0 0 0 16K cycles 47 ms 15 ms
0 0 1 32K cycles 94 ms 30 ms
0 1 0 64K cycles 0.19s 60 ms
0 1 1 128K cycles 0.38s 0.12s
1 0 0 256K cycles 0.75s 0.24 s
1 0 1 512K cycles 15s 0.49s
1 1 0 1,024K cycles 3.0s 0.97 s
1 1 1 2,048K cycles 6.0s 19s

Note:  The frequency of the Watchdog oscillator is voltage-dependent as shown in the Electrical
Characteristics section.
The WDR (Watchdog Reset) instruction should always be executed before the Watchdog
Timer is enabled. This ensures that the reset period will be in accordance with the
Watchdog Timer prescale settings. If the Watchdog Timer is enabled without reset, the
Watchdog Timer may not start counting from zero.
To avoid unintentional MCU resets, the Watchdog Timer should be disabled or reset
before changing the Watchdog Timer Prescale Select.

AIMEL 3



Port B Input Pins Address —
PINB

Port B as General Digital
/0

Alternate Functions of Port B
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Bit 7 6 5 4 3 2 1 0

$16 ($36) I - - - PINB4 PINB3 PINB2 PINB1 PINBO I PINB
Read/Write R R R R R R R R

Initial Value 0 0 0 N/A N/A N/A N/A N/A

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.

All 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 configured as an output pin. If DDBn is cleared (zero), PBn
is configured as an input pin. If PORTBnN is set (one) when the pin is 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 tri-stated when a reset condition becomes active, even if the clock is not
running.

Table 13. DDBn Effects on Port B Pins

DDBn PORTBn /0 Pull-up | Comment
0 0 Input No Tri-state (high-2)
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

The alternate pin functions of Port B are as follows:
e CLOCK - PortB, Bit3
Clock input: AT90S/LS2343 only. When the RCEN fuse is programmed and the device

runs from the internal RC oscillator, this pin is a general I/O pin. When the RCEN fuse is
unprogrammed, an external clock source must be connected to CLOCK.

e SCK/TO - Port B, Bit 2
In Serial Programming mode, this bit serves as the serial clock input, SCK.

During normal operation, this pin can serve as the external counter clock input. See the
timer/counter description for further details. If external timer/counter clocking is selected,
activity on this pin will clock the counter even if it is configured as an output.

e MISO/INTO — Port B, Bit 1
In Serial Programming mode, this bit serves as the serial data output, MISO.

During normal operation, this pin can serve as the external interruptO input. See the
interrupt description for details on how to enable this interrupt. Note that activity on this
pin will trigger the interrupt even if the pin is configured as an output.

* MOSI - Port B, Bit 0

In Serial Programming mode, this pin serves as the serial data input, MOSI.

36 AT90S/LS2323/2343 me—
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Programming the Flash
and EEPROM

High-voltage Serial
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3. $002: $03 (indicates AT90S/LS2343 when signature byte $001 is $91)

Note:  When both Lock bits are programmed (Lock mode 3), the signature bytes cannot be read
in the low-voltage Serial mode. Reading the signature bytes will return: $00, $01 and
$02.

Atmel's AT90S2323/2343 offers 2K bytes of In-System Programmable Flash program
memory and 128 bytes of EEPROM data memory.

The AT90S2323/2343 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.

The device supports a high-voltage (12V) Serial Programming mode and a low-voltage
Serial Programming mode. The +12V is used for programming enable only and no cur-
rent of significance is drawn by this pin. The low-voltage Serial Programming mode
provides a convenient way to download program and data into the device inside the
user’s system.

The program and EEPROM memory arrays in the AT90S2323/2343 are programmed
byte-by-byte in either programming modes. For the EEPROM, an auto-erase cycle is
provided within the self-timed write instruction in the low-voltage Serial Programming
mode.

During programming, the supply voltage must be in accordance with Table 15.

Table 15. Supply Voltage during Programming

Part Low-voltage Serial Programming High-voltage Serial Programming
AT90S2323 4.0 - 6.0V 4.5-55V
AT90LS2323 2.7 -6.0V 45-55V
AT90S2323 4.0-6.0V 45-55V
AT90LS2323 2.7-6.0V 45-55V

This section describes how to program and verify Flash program memory, EEPROM

Programming data memory, Lock bits and Fuse bits in the AT90S2323/2343.
Figure 32. High-voltage Serial Programming
11.5-125V  AT90S/LS2323, 4.5-55V
T ATO0S/LS2343 T
RESET VCC
SERIAL CLOCK INPUT—>»| XTAL1/PB3 PB2 |—> SERIAL DATA OUTPUT
PB1 |&€—— SERIAL INSTR. INPUT
J_— GND PBO [<«€—— SERIAL DATA INPUT
38 ATOI0S/LS2323/2343 m s —
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Typical
Characteristics

1004D-09/01

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

The current consumption is a function of several factors such as: operating voltage,
operating frequency, loading of I/O pins, switching rate of 1/0O pins, code executed and
ambient temperature. The dominating factors are operating voltage and frequency.

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

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

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

Figure 39. Active Supply Current vs. Frequency
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Figure 42. Idle Supply Current vs. Frequency
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Figure 43. Idle Supply Current vs. V¢
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Figure 44. Idle Supply Current vs. V¢

IDLE SUPPLY CURRENT vs. V¢
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Figure 45. Power-down Supply Current vs. V¢
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Figure 46. Power-down Supply Current vs. V¢

POWER DOWN SUPPLY CURRENT vs. V¢
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Figure 47. Watchdog Oscillator Frequency vs. V¢
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Figure 52. 1/O Pin Sink Current vs. Output Voltage

I/0 PIN SINK CURRENT vs. OUTPUT VOLTAGE
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Figure 53. /O Pin Source Current vs. Output voltage
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Instruction Set Summary (Continued)

Mnemonic | Operands | Description | Operation Flags # Clocks
DATA TRANSFER INSTRUCTIONS

MOV Rd, Rr Move between Registers Rd « Rr None 1
LDI Rd, K Load Immediate Rd « K None 1
LD Rd, X Load Indirect Rd « (X) None 2
LD Rd, X+ Load Indirect and Post-inc. Rd « (X), X« X+ 1 None 2
LD Rd, -X Load Indirect and Pre-dec. X« X=1,Rd « (X) None 2
LD Rd, Y Load Indirect Rd « (Y) None 2
LD Rd, Y+ Load Indirect and Post-inc. Rd<—(Y),Y<Y+1 None 2
LD Rd, -Y Load Indirect and Pre-dec. Y« Y-1,Rd < (Y) None 2
LDD Rd,Y+q Load Indirect with Displacement Rd« (Y +q) None 2
LD Rd, Z Load Indirect Rd « (2) None 2
LD Rd, Z+ Load Indirect and Post-inc. Rd«(2),Z«Z+1 None 2
LD Rd, -Z Load Indirect and Pre-dec. Z<Z-1,Rd « (2) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd«<(Z+q) None 2
LDS Rd, k Load Direct from SRAM Rd « (k) None 2
ST X, Rr Store Indirect (X) < Rr None 2
ST X+, Rr Store Indirect and Post-inc. (X) <« Rr, X< X+1 None 2
ST -X, Rr Store Indirect and Pre-dec. X« X-1,(X) < Rr None 2
ST Y,Rr Store Indirect (Y) < Rr None 2
ST Y+, Rr Store Indirect and Post-inc. (Y)«<RnY«<Y+1 None 2
ST -Y, Rr Store Indirect and Pre-dec. Ye<VY-1,(Y)<Rr None 2
STD Y+q, Rr Store Indirect with Displacement (Y+q) < Rr None 2
ST Z, Rr Store Indirect (Z) < Rr None 2
ST Z+, Rr Store Indirect and Post-inc. (Z)«Rr,Z«Z+1 None 2
ST -Z, Rr Store Indirect and Pre-dec. Z<2Z-1,(2) < Rr None 2
STD Z+q, Rr Store Indirect with Displacement (Z+qg)«<Rr None 2
STS k, Rr Store Direct to SRAM (k) « Rr None 2
LPM Load Program Memory RO « (2) None 3
IN Rd, P In Port Rd«P None 1
ouT P, Rr Qut Port P < Rr None 1
PUSH Rr Push Register on Stack STACK « Rr None 2
POP Rd Pop Register from Stack Rd < STACK None 2
BIT AND BIT-TEST INSTRUCTIONS

SBI P,b Set Bit in I/O Register 1/O(P,b) « 1 None 2
CBI P,b Clear Bit in 1/0 Register I/O(P,b) « 0 None 2
LSL Rd Logical Shift Left Rd(n+1) « Rd(n), Rd(0) « 0 ZCNV 1
LSR Rd Logical Shift Right Rd(n) « Rd(n+1), Rd(7) « 0 ZCNV 1
ROL Rd Rotate Left through Carry Rd(0) « C, Rd(n+1) <« Rd(n), C « Rd(7) ZCNV 1
ROR Rd Rotate Right through Carry Rd(7) « C, Rd(n) « Rd(n+1), C « Rd(0) ZCNV 1
ASR Rd Arithmetic Shift Right Rd(n) « Rd(n+1), n =0..6 ZCNV 1
SWAP Rd Swap Nibbles Rd(3..0) « Rd(7..4), Rd(7..4) « Rd(3..0) None 1
BSET s Flag Set SREG(s) « 1 SREG(s) 1
BCLR s Flag Clear SREG(s) « 0 SREG(s) 1
BST Rr, b Bit Store from Registerto T T « Rr(b) T 1
BLD Rd, b Bit Load from T to Register Rd(b) « T None 1
SEC Set Carry Ce1 C 1
CLC Clear Carry C«o0 C 1
SEN Set Negative Flag N1 N 1
CLN Clear Negative Flag N«<O0 N 1
SEZ Set Zero Flag Z1 y4 1
CcLz Clear Zero Flag Z<0 Zz 1
SEI Global Interrupt Enable |1 | 1
CLI Global Interrupt Disable <0 | 1
SES Set Signed Test Flag S 1 S 1
CLS Clear Signed Test Flag S« 0 S 1
SEV Set Two’s Complement Overflow V1 V 1
CLV Clear Two’s Complement Overflow V<o V 1
SET Set T in SREG T T 1
CLT Clear T in SREG T« 0 T 1
SEH Set Half-carry Flag in SREG He1 H 1
CLH Clear Half-carry Flag in SREG H<0 H 1
NOP No Operation None 1
SLEEP Sleep (see specific descr. for Sleep function) None 1
WDR Watchdog Reset (see specific descr. for WDR/timer) None 1
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Ordering Information

Power Supply Speed (MHz) Ordering Code Package Operation Range
2.7-6.0V 4 AT90LS2323-4PC 8P3 Commercial
AT90LS2323-4SC 852 (0°C to 70°C)
AT90LS2323-4PI 8P3 Industrial
AT90LS2323-48]| 8S2 (-40°C to 85°C)
4.0-6.0V 10 AT90S2323-10PC 8P3 Commercial
AT90S2323-10SC 8S2 (0°C to 70°C)
AT90S2323-10P!I 8P3 Industrial
AT90S2323-10SI 8S2 (-40°C to 85°C)
2.7-6.0V 1 AT90LS2343-1PC 8P3 Commercial
AT90LS2343-1SC 8S2 (0°C to 70°C)
AT90LS2343-1PI 8P3 Industrial
AT90LS2343-18lI 8S2 (-40°C to 85°C)
2.7-6.0V 4 AT90LS2343-4PC 8P3 Commercial
AT90LS2343-4SC 8S2 (0°C to 70°C)
AT90LS2343-4PI 8P3 Industrial
AT90LS2343-48]| 8S2 (-40°C to 85°C)
4.0-6.0V 10 AT90S2343-10PC 8P3 Commercial
AT90S2343-10SC 8S2 (0°C to 70°C)
AT90S2343-10PI 8P3 Industrial
AT90S2343-10SI 852 (-40°C to 85°C)

Notes: 1. The speed grade refers to maximum clock rate when using an external crystal or external clock drive. The internal RC oscil-
lator has the same nominal clock frequency for all speed grades.
2. In AT90LS2343-1xx, the internal RC oscillator is selected as default MCU clock source (RCEN fuse is programmed) when
the device is shipped from Atmel. In AT90LS2343-4xx and AT90S2343-10xx, the default MCU clock source is the clock
input pin (RCEN fuse is unprogrammed). The fuse settings can be changed by high voltage serial programming.

Package Type
8P3 8-lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
8S2 8-lead, 0.200" Wide, Plastic Gull Wing Small Outline Package (EIAJ SOIC)
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