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Description

Block Diagram

1041H-11/01

The AT90S8535 is a low-power CMOS 8-bit microcontroller based on the AVR RISC
architecture. By executing powerful instructions in a single clock cycle, the AT90S8535
achieves throughputs approaching 1 MIPS per MHz allowing the system designer to
optimize power consumption versus processing speed.

Figure 1. The AT90S8535 Block Diagram
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Program and Data The AT90S8535 AVR RISC microcontroller supports powerful and efficient addressing

Addressing Modes modes for access to the program memory (Flash) and data memory (SRAM, register file
and I/0O memory). This section describes the different addressing modes supported by
the AVR architecture. In the figures, OP means the operation code part of the instruction
word. To simplify, not all figures show the exact location of the addressing bits.

Register Direct, Single Figure 9. Direct Single Register Addressing
Register Rd REGISTER FILE

[ o [ @ |

31

The operand is contained in register d (Rd).

Register Direct, Two Registers Figure 10. Direct Register Addressing, Two Registers
Rd And Rr REGISTER FILE

31

Operands are contained in register r (Rr) and d (Rd). The result is stored in register d
(Rd).

I/O Direct Figure 11. 1/O Direct Addressing
1/0 MEMORY

63

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

12 AT90S/LS8535 mumssssssss———



Data Indirect with Pre-
decrement

Data Indirect with Post-
increment

Constant Addressing Using
the LPM Instruction

AIMEL

Figure 15. Data Indirect Addressing with Pre-decrement
Data Space

$0000
15

> X, Y OR Z - REGISTER

$025F

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 16. Data Indirect Addressing with Post-increment

Data Space

$0000
15 0

_)I X, Y OR Z - REGISTER l_

$025F

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.

Figure 17. Code Memory Constant Addressing
PROGRAM MEMORY

$000

| Z - REGISTER |

$FFF

Constant byte address is specified by the Z-register contents. The 15 MSBs select word
address (0 - 4K), the LSB selects low byte if cleared (LSB = 0) or high byte if set (LSB =

1).

14 AT90S/LS8535 mumssssssss———
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Indirect Program Addressing,
IJMP and ICALL

Relative Program Addressing,
RJMP and RCALL

EEPROM Data Memory

Memory Access Times
and Instruction
Execution Timing

1041H-11/01

AT90S/LS8535

Figure 18. Indirect Program Memory Addressing

PROGRAM MEMORY

$000

Z - REGISTER

$FFF

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

Figure 19. Relative Program Memory Addressing

PROGRAM MEMORY

$000
15 0
PC
15 12 11 0
[ or | ‘ |
| $FFF

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

The AT90S8535 contains 512 bytes of data EEPROM memory. It is organized as a sep-
arate data space, in which single bytes can be read and written. The EEPROM has an
endurance of at least 100,000 write/erase cycles. The access between the EEPROM
and the CPU is described on page 51 specifying the EEPROM address registers, the
EEPROM data register and the EEPROM control register.

For the SPI data downloading, see page 99 for a detailed description.

This section describes the general access timing concepts for instruction execution and
internal memory access.

The AVR CPU is driven by the System Clock O, directly generated from the external
clock crystal for the chip. No internal clock division is used.

Figure 20 shows the parallel instruction fetches and instruction executions enabled by
the Harvard architecture and the fast-access register file concept. This is the basic pipe-
lining concept to obtain up to 1 MIPS per MHz with the corresponding unique results for
functions per cost, functions per clocks and functions per power-unit.

AIMEL 15



External Interrupts

AIMEL

e Bit 5 —ICF1: Input Capture Flag 1

The ICF1 bit is set (one) to flag an input capture event, indicating that the
Timer/Counter1 value has been transferred to the Input Capture Register (ICR1). ICF1
is cleared by hardware when executing the corresponding interrupt handling vector.
Alternatively, ICF1 is cleared by writing a logical “1” to the flag. When the SREG I-bit
and TICIE1 (Timer/Counter1 Input Capture Interrupt Enable) and ICF1 are set (one), the
Timer/Counter1 Capture Interrupt is executed.

¢ Bit 4 — OCF1A: Output Compare Flag 1A

The OCF1A bit is set (one) when compare match occurs between the Timer/Counter1
and the data in OCR1A (Output Compare Register 1A). OCF1A is cleared by hardware
when executing the corresponding interrupt handling vector. Alternatively, OCF1A is
cleared by writing a logical “1” to the flag. When the I-bit in SREG and OCIE1A
(Timer/Counter1 Compare Match InterruptA Enable) and the OCF1A are set (one), the
Timer/Counter1 Compare A Match Interrupt is executed.

¢ Bit 3 - OCF1B: Output Compare Flag 1B

The OCF1B bit is set (one) when compare match occurs between the Timer/Counter1
and the data in OCR1B (Output Compare Register 1B). OCF1B is cleared by hardware
when executing the corresponding interrupt handling vector. Alternatively, OCF1B is
cleared by writing a logical “1” to the flag. When the I-bit in SREG and OCIE1B
(Timer/Counter1i Compare Match InterruptB Enable) and the OCF1B are set (one), the
Timer/Counter1 Compare Match B Interrupt is executed.

e Bit 2 - TOV1: Timer/Counteri Overflow Flag

The TOV1 is set (one) when an overflow occurs in Timer/Counteri. TOV1 is cleared by
hardware when executing the corresponding interrupt handling vector. Alternatively,
TOV1 is cleared by writing a logical “1” to the flag. When the I-bit in SREG and TOIE1
(Timer/Counter1 Overflow Interrupt Enable) and TOV1 are set (one), the
Timer/Counter1 Overflow Interrupt is executed. In up/down PWM mode, this bit is set
when Timer/Counter1 advances from $0000.

* Bit 1 — Res: Reserved Bit

This bit is a reserved bit in the AT90S8535 and always reads zero.
e Bit 0 — 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 TOIEO
(Timer/Counter0 Overflow Interrupt Enable) and TOVO are set (one), the
Timer/Counter0 Overflow Interrupt is executed. In up/down PWM mode, this bit is set
when Timer/Counter1 advances from $0000.

The external interrupts are triggered by the INT1 and INTO pins. Observe that, if
enabled, the interrupts will trigger even if the INTO/INT1 pins are configured as outputs.
This feature provides a way of generating a software interrupt. The external interrupts
can be triggered by a falling or rising edge or a low level. This is set up as indicated in
the specification for the MCU Control Register (MCUCR). When the external interrupt is
enabled and is configured as level-triggered, the interrupt will trigger as long as the pin
is held low.

The external interrupts are set up as described in the specification for the MCU Control
Register (MCUCR).

28 AT90S/LS8535 mumssssssss———
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Timer/Counter1 Input Capture
Register — ICR1H AND ICR1L

Timer/Counteri In PWM Mode

AIMEL

OCR1AL or OCR1BL, the TEMP register is simultaneously written to OCR1AH or
OCR1BH. Consequently, the high byte OCR1AH or OCR1BH must be written first for a
full 16-bit register write operation.

The TEMP register is also used when accessing TCNT1 and ICR1. If the main program
and interrupt routines perform access to registers using TEMP, interrupts must be dis-
abled during access from the main program.

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

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

When the rising or falling edge (according to the input capture edge setting [ICES1]) of
the signal at the input capture pin (ICP) is detected, the current value of the
Timer/Counter1 is transferred to the Input Capture Register (ICR1). At the same time,
the input capture flag (ICF1) is set (one).

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

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

When the PWM mode is selected, Timer/Counter1, the Output Compare Register1A
(OCR1A) and the Output Compare Register1B (OCR1B) form a dual 8-, 9- or 10-bit,
free-running, glitch-free and phase-correct PWM with outputs on the PD5(OC1A) and
PD4(OC1B) pins. Timer/Counter1 acts as an up/down counter, counting up from $0000
to TOP (see Table 14), where it turns and counts down again to zero before the cycle is
repeated. When the counter value matches the contents of the 10 least significant bits of
OCR1A or OCR1B, the PD5(OC1A)/PD4(OC1B) pins are set or cleared according to
the settings of the COM1A1/COM1A0 or COM1B1/COM1BO bits in the Timer/Counter1
Control Register (TCCR1A). Refer to Table 15 for details.

Table 14. Timer TOP Values and PWM Frequency

PWM Resolution Timer TOP value Frequency
8-bit $00FF (255) frcks/510
9-bit $01FF (511) frokq/1022
10-bit $03FF(1023) frok1/2046

Note that if the Compare Register contains the TOP value and the prescaler is not in
use (CS12..CS10 = 001), the PWM output will not produce any pulse at all, because the

40 AT90S/LS8535 mumssssssss———
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Serial Peripheral
Interface — SPI

AIMEL

The Serial Peripheral Interface (SPI) allows high-speed synchronous data transfer
between the AT90S8535 and peripheral devices or between several AVR devices. The
AT90S8535 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 37. SPI Block Diagram
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The interconnection between master and slave CPUs with SPI is shown in Figure 38.
The PB7(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 PB5(MOSI) pin and into the PB5(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 regis-
ter is set, an interrupt is requested. The Slave Select input, PB4(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 38.
When data is shifted from the master to the slave, data is also shifted in the opposite
direction, simultaneously. During one shift cycle, data in the master and the slave is
interchanged.

54 AT90S/LS8535 mumeees——
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AT90S/LS8535

Figure 38. SPI Master-slave Interconnection
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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 Table 22.

Table 22. SPI Pin Overrides

Pin Direction, Master SPI Direction, Slave SPI
MOSI User Defined Input
MISO Input User Defined

SCK User Defined Input

SS User Defined Input

Note:  See “Alternate Functions of Port B” on page 79 for a detailed description of how to
define the direction of the user-defined SPI pins.

AIMEL 55
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Analog Comparator

Analog Comparator Control
and Status Register — ACSR

AIMEL

The Analog Comparator compares the input values on the positive input PB2 (AINO) and
negative input PB3 (AIN1). When the voltage on the positive input PB2 (AINO) is higher
than the voltage on the negative input PB3 (AIN1), the Analog Comparator 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 Interrupt triggering on compar-
ator output rise, fall or toggle. A block diagram of the comparator and its surrounding
logic is shown in Figure 44.

Figure 44. Analog Comparator Block Diagram

vce
ACD —>»
PB2 ACIE
(AINO) _I
+ L | ANALOG
INTERRUPT _)—» COMPARATOR
/ SELECT IRQ
PB3 —— > ACI
(AIN1)
ACIS1 ACISO ACIC
—
TO T/C1 CAPTURE
ACO - TRIGGER MUX
Bit 7 6 5 4 3 2 1 0
$08 ($28) | Acp - ACO ACl ACIE ACIC ACIS1 ACISO | ACSR
Read/Write R/W R R R/W R/W R/W R/W R/W
Initial Value 0 0 N/A 0 0 0 0 0

e 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 6 — Res: Reserved Bit

This bit is a reserved bit in the AT90S8535 and will always read as zero.
e Bit 5 - ACO: Analog Comparator Output

ACO is directly connected to the comparator output.
e Bit 4 — ACI: Analog Comparator Interrupt Flag

This bit is set (one) when a comparator output event triggers the interrupt mode defined
by ACI1 and ACIO. The Analog Comparator Interrupt routine is executed if the ACIE bit
is set (one) and the I-bit in SREG is set (one). ACl is cleared by hardware when execut-
ing the corresponding interrupt handling vector. Alternatively, ACl is cleared by writing a
logical “1” to the flag.

¢ Bit 3 — ACIE: Analog Comparator Interrupt Enable

When the ACIE bit is set (one) and the I-bit in the Status Register is set (one), the Ana-
log Comparator interrupt is activated. When cleared (zero), the interrupt is disabled.

66 AT90S/LS8535 mumssssssss———
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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 61. Port D Schematic Diagram (Pin PDO)
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WP:  WRITE PORTD RXEN
WD:  WRITE DDRD
RL:  READ PORTD LATCH > RXD
RP: READ PORTD PIN
RD: READ DDRD
RXD: UART RECEIVE DATA
RXEN: UART RECEIVE ENABLE
Figure 62. Port D Schematic Diagram (Pin PD1)
RD

1041H-11/01
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WP:  WRITE PORTD
WD:  WRITE DDRD TXEN
RL:  READ PORTD LATCH
RP:  READ PORTD PIN %D

RD:  READ DDRD
TXD: UART TRANSMIT DATA
TXEN: UART TRANSMIT ENABLE

AIMEL
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Enter Programming Mode

94

AIMEL

Table 37. Pin Name Mapping

Signal Name in
Programming Mode | Pin Name | I/O | Function
RDY/BSY PD1 o 0: Device is busy programming, 1: Device is ready
for new command
OE PD2 | | Output Enable (Active low)
WR PD3 | | Write Pulse (Active low)
BS PD4 | Byte Select (“0” selects low byte, “1” selects high
byte)
XA0 PD5 | XTAL Action Bit 0
XA1 PD6 | XTAL Action Bit 1
DATA PB7-0 | I/O | Bi-directional Data Bus (Output when OE is low)

Table 38. XA1 and XAO0 Coding

XA1 | XAO | Action when XTAL1 is Pulsed
0 0 Load Flash or EEPROM Address (high or low address byte determined by BS)
0 1 Load Data (High or low data byte for Flash determined by BS)
1 0 Load Command
1 1 No Action, Idle

Table 39. Command Byte Bit Coding

Command Byte

Command Executed

1000 0000 Chip Erase

0100 0000 Write Fuse Bits

0010 0000 Write Lock Bits

0001 0000 Write Flash

0001 0001 Write EEPROM

0000 1000 Read Signature Bytes
0000 0100 Read Lock and Fuse Bits
0000 0010 Read Flash

0000 0011 Read EEPROM

The following algorithm puts the device in Parallel Programming Mode:

1. Apply supply voltage according to Table 36, between V. and GND.
2. Setthe RESET and BS pin to “0” and wait at least 100 ns.

3. Apply 11.5 - 12.5V to RESET. Any activity on BS within 100 ns after +12V has
been applied to RESET, will cause the device to fail entering programming mode.

ATO0S/LS8535 e —
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Parallel Programming

Characteristics

Serial Downloading

1041H-11/01

Figure 70. Parallel Programming Timing
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Table 40. Parallel Programming Characteristics, Ty = 25°C + 10%, Voo =5V £ 10%

Symbol Parameter Min | Typ | Max | Units
Vpp Programming Enable Voltage 115 125 \Y
lpp Programming Enable Current 250.0 HA
tovxH Data and Control Setup before XTAL1 High 67.0 ns
tyrxt XTAL1 Pulse Width High 67.0 ns
txLox Data and Control Hold after XTAL1 Low 67.0 ns
tawL XTAL1 Low to WR Low 67.0 ns
tavwL BS Valid to WR Low 67.0 ns
tRHEX BS Hold after RDY/BSY High 67.0 ns
i WR Pulse Width Low" 67.0 ns
twHAL WR High to RDY/BSY Low® 20.0 ns
twirsH WR Low to RDY/BSY High® 05 | 07 0.9 ms
tyLoL XTAL1 Low to OE Low 67.0 ns
toLov OE Low to DATA Valid 20.0 ns
toHDz OE High to DATA Tri-stated 20.0 ns
twiwH_ce WR Pulse Width Low for Chip Erase 5.0 | 10.0 | 15.0 ms
WR Pulse Width Low for Programming the
twiwn prs | Fuse Bits 1.0 1.5 1.8 ms
Notes: 1. Use ty wy ce for Chip Erase and ty,wy_prg for programming the Fuse bits.

2. If ty,wy is held longer than ty, gy, No RDY/BSY pulse will be seen.

Both the Flash and EEPROM memory arrays can be programmed using the serial SPI
bus while RESET is pulled to GND. The serial interface consists of pins SCK, MOSI
(input) and MISO (output), see Figure 71. After RESET is set low, the Programming
Enable instruction needs to be executed first before program/erase operations can be

executed.

AIMEL
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Data Polling EEPROM

Data Polling Flash

1041H-11/01

4. If a Chip Erase is performed (must be done to erase the Flash), wait tyyp grase
after the instruction, give RESET a positive pulse and start over from step 2. See
Table 44 for typ grase Value.

5. The Flash or EEPROM array is programmed one byte at a time by supplying the
address and data together with the appropriate Write instruction. An EEPROM
memory location is first automatically erased before new data is written. Use
Data Polling to detect when the next byte in the Flash or EEPROM can be writ-
ten. If polling is not used, wait typ prog before transmitting the next instruction.
See Table 45 for typ prog Value. In an erased device, no $FFs in the data file(s)
needs to be programmed.

6. Any memory location can be verified by using the Read instruction that returns
the content at the selected address at the serial output MISO (PB6) pin.

7. Atthe end of the programming session, RESET can be set high to commence
normal operation.

8. Power-off sequence (if needed):
Set XTAL1 to “0” (if a crystal is not used).
Set RESET to “1”.
Turn V¢ power off.

When a byte is being programmed into the EEPROM, reading the address location
being programmed will give the value P1 until the auto-erase is finished and then the
value P2. See Table 41 for P1 and P2 values.

At the time the device is ready for a new EEPROM byte, the programmed value will read
correctly. This is used to determine when the next byte can be written. This will not work
for the values P1 and P2, so when programming these values, the user will have to wait
for at least the prescribed time typ prog before programming the next byte. See Table
45 for typ prog Value. As a chip-erased device contains $FF in all locations, program-
ming of addresses that are meant to contain $FF can be skipped. This does not apply if
the EEPROM is reprogrammed without first chip-erasing the device.

Table 41. Read Back Value during EEPROM Polling

Part P1 P2

AT90S/LS8535 $00 $FF

When a byte is being programmed into the Flash, reading the address location being
programmed will give the value $FF. At the time the device is ready for a new byte, the
programmed value will read correctly. This is used to determine when the next byte can
be written. This will not work for the value $FF, so when programming this value, the
user will have to wait for at least ty,y prog before programming the next byte. As a chip-
erased device contains $FF in all locations, programming of addresses that are meant
to contain $FF can be skipped.

Figure 72. Serial Programming Waveforms

swomer/w X XX XXX
SERIAL DATQ B%?n}lps%T) / M%B X X X X X X X \
SERIAL CLOSE;?IS%UKT) i_i |_| |—| |_| |_| |_| |_| |_|
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Electrical Characteristics
Absolute Maximum Ratings*

Operating TeMpPerature ...........ococoeeveeerenn.. -40°C to +105°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature ............ccceeveevervesveeenns -65°C to +150°C age to the device. This is a stress rating only and

functional operation of the device at these or
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect
device reliability.

Voltage on Any Pin except RESET
with Respect to Ground ...........cccccccvrnnen. -1.0V to V¢ + 0.5V

Voltage on RESET with Respect to Ground ....-1.0V to +13.0V
Maximum Operating Voltage ..........ccoecveeiriieeinieiieieee e 6.6V
I/0O Pin Maximum Current .........cccevvriierneenneenee s 40.0 mA

Maximum Current V¢
and GND (PDIP package) ........cccceereeernieneneeeeeneen. 200.0 mA

Maximum Current V¢
and GND (TQFP, PLCC package) ........cccevverveenuenns 400.0 mA

DC Characteristics
T, =-40°C to 85°C, Vo = 2.7V to 6.0V (unless otherwise noted)

Symbol | Parameter Condition Min Typ Max Units
Vi Input Low Voltage -0.5 0.3V v
Vi Input Low Voltage XTAL -0.5 0.2 Vgl \Y
Viu Input High Voltage Except (XTAL, RESET) 0.6 Vec? Ve + 0.5 v
Vi Input High Voltage XTAL 0.8 V@ Voo + 0.5 \Y
Vine Input High Voltage RESET 0.9 V@ Voo + 0.5 \Y
Vo, Output Low Voltage® lo = 20 MA, V¢ = 5V 0.6 v

(Ports A, B, C, D) lo. = 10 MA, V¢ = 3V 0.5 v
v Output High Voltage® loy = -3 MA, Voo = 5V 4.2 Y
OoH (Ports A, B, C, D) low = -1.5 MA, Vg = 3V 2.3 v
I Input Leakagg Vee =6V, Vin = 0.45V 8.0 VA
Current I/O Pin (absolute value)
» Input Leakagelz Vee =6V, Vin=6.0V 8.0 UA
Current /O Pin (absolute value)
RRST | Reset Pull-up 100.0 500.0 kQ
Rio I/0 Pin Pull-up Resistor 35.0 120.0 kQ
Active 4 MHz, V¢ = 3V 5.0 mA
ldle 4 MHz, V¢ = 3V 3.0 mA
Power-down, X;JC =3V 15.0 VA
lec Power Supply Current \;VDT ezabledv av
V\(I)I;/)V'I('e rdisoavt\:lr:e,d(go 5.0 WA
Power Save, V- = 3V
V\;)DTe dissibTed(g)c > 15.0 WA
104 AAT'O0'S/ LS 85 3 5 s ———
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Figure 76. Active Supply Current vs. V¢

ACTIVE SUPPLY CURRENT vs. V¢
FREQUENCY = 4 MHz
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Figure 77. Idle Supply Current vs. Frequency
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Instruction Set Summary (Continued)

Mnemonic Operands Description Operation Flags # Clocks
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)«<RrnY<Y+1 None 2
ST -Y, Rr Store Indirect and Pre-dec. Y<Y-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. ()< 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+q) <« 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 Out 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 I/O(P,b) « 1 None 2
CBI P,b Clear Bit in I/O 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) Z,CNV 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 Register to T T « Rr(b) T 1
BLD Rd, b Bit Load from T to Register Rd(b) « T None 1
SEC Set Carry Ce«1 C 1
CLC Clear Carry C«0 C 1
SEN Set Negative Flag N1 N 1
CLN Clear Negative Flag N« 0 N 1
SEZ Set Zero Flag Z—1 z 1
CLZ Clear Zero Flag Z—0 Z 1
SEI Global Interrupt Enable le1 | 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 Vet Vv 1
CLV Clear Two’s Complement Overflow Vo0 Vv 1
SET Set T in SREG Te1 T 1
CLT Clear T in SREG T« 0 T 1
SEH Set Half-carry Flag in SREG He 1 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

1041H-11/01
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Packaging Information

44A

44-lead, Thin (1.0mm) Plastic Quad Flat Package
(TQFP), 10x10mm body, 2.0mm footprint, 0.8mm pitch.
Dimension in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12.25(0.482)

PIN1ID 11.75(0.462) SO
= 0.45(0.018)
0.80(0.0315) BSC — r 0.30(0.012)

10.10(0.394; sq

9.90(0.386
r 1.20(0.047) MAX

0.20(0.008) 0°~7°
0.09(0.004) T

— -

0.75(0.030) 0.15(0.006) j‘ f
0.45(0.018) 0.05(0.002)

*Controlling dimension: millimetter

REV.A  04/11/2001
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40P6

40-lead, Plastic Dual Inline

Parkage (PDIP), 0.600" wide
Demension in Millimeters and (Inches)*
JEDEC STANDARD MS-011 AC

52.71(2.075)
51.94(2.045) PIN

1
[1[] (I [1[]

f

C 13.97(0.550)

13.46(0.530)
DT\ " OO0 OO0 Y00
~— 48.26(1.900) REF — =
4.83(0.190)MAX
I | ﬁ
SEATING | E i
PLANE § t
3.56(0. 140) 0.38(0.015)MIN
3.05(0. 120) - 0.56(0.022)
1.65(0.065) W
2. 54(0 100)BSC 1.27(0.050)
_15.88(0.625)
15, 24(0. 600) |
‘ \
0.38(0.015) */L &\ ~ 15 REF
0.20(0.008)
‘ 17.78(0.700)MAX ‘

*Controlling dimension: Inches

REV.A  04/11/2001
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