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Figure 4. The AT90S8515 AVR RISC Architecture
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A flexible interrupt module has its control registers in the 1/O space with an additional
global interrupt enable bit in the status register. All the different interrupts have a sepa-
rate interrupt vector in the interrupt vector table at the beginning of the program
memory. The different interrupts have priority in accordance with their interrupt vector
position. The lower the interrupt vector address, the higher the priority.

AT90S8515 mu————————— e —



Program and Data
Addressing Modes

Register Direct, Single
Register RD

0841G-09/01

two additional clock cycles is used per byte. This has the following effect: Data transfer
instructions take two extra clock cycles, whereas interrupt, subroutine calls and returns
will need four clock cycles more than specified in the instruction set manual.

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 space.

The Indirect with Displacement mode features 63 address locations reached 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.

The 32 general-purpose working registers, 64 1/O registers, the 512 bytes of internal
data SRAM, and the 64K bytes of optional external data SRAM in the AT90S8515 are all
accessible through all these addressing modes.

See the next section for a detailed description of the different addressing modes.

The AT90S8515 AVR RISC microcontroller supports powerful and efficient addressing
modes for access to the program memory (Flash) and data memory (SRAM, Register
file and I/O memory). This section describes the different addressing modes supported
by the AVR architecture. In the figures, OP means the operation code part of the instruc-
tion word. To simplify, not all figures show the exact location of the addressing bits.

Figure 9. Direct Single Register Addressing
REGISTER FILE

OoP d

31

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

Figure 13. Data Indirect with Displacement
Data Space

$0000

Y OR Z - REGISTER

OP n a |

$FFFF

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.

Figure 14. Data Indirect Addressing

Data Space
$0000
15 0
X, Y OR Z - REGISTER H
$FFFF
Operand address is the contents of the X-, Y-, or the Z-register.
Figure 15. Data Indirect Addressing with Pre-decrement
Data Space
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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
I k |
I $FFF

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

The AT90S8515 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 44, specifying the EEPROM address registers, the
EEPROM data register and the EEPROM control register.

For the SPI data downloading, see page 86 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.
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Reset and Interrupt
Handling
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The AT90S8515 provides 12 different interrupt sources. These interrupts and the sepa-
rate reset vector each have a separate program vector in the program memory space.
All 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 2. The list
also determines the priority levels of the different 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 2. Reset and Interrupt Vectors

Program
Vector No. | Address | Source Interrupt Definition
External Reset, Power-on Reset and
1 $000 RESET Watchdog Reset
2 $001 INTO External Interrupt Request 0
3 $002 INTA External Interrupt Request 1
4 $003 TIMER1 CAPT Timer/Counter1 Capture Event
5 $004 TIMER1 COMPA | Timer/Counter1 Compare Match A
6 $005 TIMER1 COMPB | Timer/Counter1i Compare Match B
7 $006 TIMER1 OVF Timer/Counter1 Overflow
8 $007 TIMERO, OVF Timer/CounterO Overflow
9 $008 SPI, STC Serial Transfer Complete
10 $009 UART, RX UART, Rx Complete
11 $00A UART, UDRE UART Data Register Empty
12 $00B UART, TX UART, Tx Complete
13 $00C ANA_COMP Analog Comparator

The most typical and general 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 EXT_INT1 ; IRQ1 Handler

$003 rjmp TIM1_CAPT ; Timerl Capture Handler
$004 rjmp TIM1_COMPA ; Timerl CompareA Handler
$005 rjmp TIM1_COMPB ; Timerl CompareB Handler
$006 rjmp TIM1_OVF ; Timerl Overflow Handler
$007 rjmp TIMO_OVF ; TimerO Overflow Handler
$008 rjmp SPI_STC ; SPI Transfer Complete Handler
$009 rjmp UART_RXC ; UART RX Complete Handler
$00a rjmp UART_DRE ; UDR Empty Handler

$00b rjmp UART_TXC ; UART TX Complete Handler
$00c rjmp ANA_COMP ; Analog Comparator Handler
$00d MAIN: 1di rl1l6,high(RAMEND); Main program start

$00e out SPH,rl6
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An external reset is generated by a low level on the RESET pin. Reset pulses longer
than 50 ns will generate a reset, even if the clock is not running. Shorter pulses are not
guaranteed to generate a reset. When the applied signal reaches the Reset Threshold
Voltage (Vrgt) ON its positive edge, the delay timer starts the MCU after the Time-out
period tyo 1 has expired.

Figure 26. External Reset during Operation
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When the Watchdog times out, it will generate a short reset pulse of 1 XTAL cycle dura-
tion. On the falling edge of this pulse, the delay timer starts counting the Time-out period
trout. Refer to page 42 for details on operation of the Watchdog.

Figure 27. Watchdog Reset during Operation
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The AT90S8515 has two 8-bit interrupt mask control registers; GIMSK (General Inter-
rupt Mask register) and TIMSK (Timer/Counter Interrupt Mask register).

When an interrupt occurs, the Global Interrupt Enable I-bit is cleared (zero) and all inter-
rupts are disabled. The user software can set (one) the I-bit to enable nested interrupts.
The I-bit is set (one) when a Return from Interrupt instruction (RETI) is executed.

For interrupts triggered by events that can remain static (e.g., the Output Compare
Register1 matching the value of Timer/Counter1), the interrupt flag is set when the event
occurs. If the interrupt flag is cleared and the interrupt condition persists, the flag will not
be set until the event occurs the next time.

When the Program Counter is vectored to the actual interrupt vector in order to execute
the interrupt handling routine, hardware clears the corresponding flag that generated the

AIMEL 25



Timer/Counter Interrupt Mask
Register — TIMSK
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¢ 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 are 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 AT90S8515 and always read as zero.

Bit 7 6 5 4 3 2 1 0

$39 ($59) I TOIE1 OCIE1A OCIE1B - TICIE1 - TOIEO - I TIMSK
Read/Write R/W RIW R/W R R/W R R/W

Initial Value 0 0 0 0 0 0 0 0

e Bit 7 - TOIE1: Timer/Counter1 Overflow Interrupt Enable

When the TOIE1 bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counter1 Overflow interrupt is enabled. The corresponding interrupt (at vector
$006) is executed if an overflow in Timer/Counter1 occurs, i.e., when the TOV1 bit is set
in the Timer/Counter Interrupt Flag Register (TIFR).

e Bit 6 — OCE1A: Timer/Counter1 Output CompareA Match Interrupt Enable
When the OCIE1A bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counter1 CompareA Match interrupt is enabled. The corresponding interrupt (at

vector $004) is executed if a CompareA match in Timer/Counter1 occurs, i.e., when the
OCF1A bit is set in the Timer/Counter Interrupt Flag Register (TIFR).

¢ Bit 5 — OCIE1B: Timer/Counter1 Output CompareB Match Interrupt Enable
When the OCIE1B bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counter1 CompareB Match interrupt is enabled. The corresponding interrupt (at

vector $005) is executed if a CompareB match in Timer/Counter1 occurs, i.e., when the
OCF1B bit is set in the Timer/Counter Interrupt Flag Register (TIFR).

¢ Bit 4 — Res: Reserved Bit

This bit is a reserved bit in the AT90S8515 and always reads zero.

¢ Bit 3 — TICIE1: Timer/Counter1 Input Capture Interrupt Enable

When the TICIE1 bit is set (one) and the I-bit in the Status Register is set (one), the
Timer/Counter1 Input Capture Event interrupt is enabled. The corresponding interrupt

(at vector $003) is executed if a capture-triggering event occurs on pin 31, ICP, i.e.,
when the ICF1 bit is set in the Timer/Counter Interrupt Flag Register (TIFR).

¢ Bit 2 — Res: Reserved Bit

This bit is a reserved bit in the AT90S8515 and always reads zero.

¢ 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

$007) is executed if an overflow in Timer/Counter0 occurs, i.e., when the TOVO bit is set
in the Timer/Counter Interrupt Flag Register (TIFR).

¢ Bit 0 — Res: Reserved Bit
This bit is a reserved bit in the AT90S8515 and always reads zero.
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Timer/Counter Interrupt Flag
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Bit 7 6 5 4 3 2 1 0
$38 ($58) | Tovi OCF1A OCIFB - ICF1 - TOVO - ] TFR
Read/Write R/W R/W R/W R R/W R R/W R
Initial Value 0 0 0 0 0 0 0 0

e Bit 7-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, TOIE1
(Timer/Counter1 Overflow Interrupt Enable) and TOV1 are set (one), the
Timer/Counter1 Overflow interrupt is executed. In PWM mode, this bit is set when
Timer/Counter1 changes counting direction at $0000.

¢ Bit 6 — 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, OCIE1A
(Timer/Counter1i Compare Match InterruptA Enable) and the OCF1A are set (one), the
Timer/Counter1 CompareA Match interrupt is executed.

¢ Bit 5 - 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, OCIE1B
(Timer/Counter1 Compare Match InterruptB Enable) and the OCF1B are set (one), the
Timer/Counter1 CompareB Match interrupt is executed.

* Bit 4 — Res: Reserved Bit

This bit is a reserved bit in the AT90S8515 and always reads zero.
e Bit 3 —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. Alter-
natively, ICF1 is cleared by writing a logical “1” to the flag. When the SREG I-bit, TICIE1
(Timer/Counter1 Input Capture Interrupt Enable) and ICF1 are set (one), the
Timer/Counter1 Capture interrupt is executed.

* Bit 2 — Res: Reserved Bit

This bit is a reserved bit in the AT90S8515 and always reads zero.
e Bit 1 — TOV: 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, TOIEO
(Timer/Counter0 Overflow Interrupt Enable) and TOVO are set (one), the
Timer/Counter0 Overflow interrupt is executed.

¢ Bit 0 — Res: Reserved Bit
This bit is a reserved bit in the AT90S8515 and always reads zero.

28 AT90S8515 mu—————————
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Timer/Counters

Timer/Counter Prescaler

8-bit Timer/Counter0
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The AT90S8515 provides two general-purpose Timer/Counters — one 8-bit T/C and one
16-bit T/C. The Timer/Counters have individual prescaling selection from the same 10-
bit prescaling timer. Both Timer/Counters can either be used as a timer with an internal
clock time base or as a counter with an external pin connection that triggers the
counting.

Figure 28 shows the general Timer/Counter prescaler.

Figure 28. Timer/Counter Prescaler
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The four different prescaled selections are: CK/8, CK/64, CK/256 and CK/1024, where
CK is the oscillator clock. For the two Timer/Counters, added selections such as CK,
external source and stop can be selected as clock sources.

Figure 29 shows the block diagram for Timer/CounterO.

The 8-bit Timer/Counter0 can select clock source from CK, prescaled CK or an external
pin. In addition, it can be stopped as described in the specification for the
Timer/Counter0 Control Register (TCCRO). The overflow status flag is found in the
Timer/Counter Insterrupt Flag Register (TIFR). Control signals are found in the
Timer/Counter0 Control Register (TCCRO0). The interrupt enable/disable settings for
Timer/Counter0 are found in the Timer/Counter Interrupt Mask Register (TIMSK).

When Timer/Counter0 is externally clocked, the external signal is synchronized with the
oscillator frequency of the CPU. To assure proper sampling of the external clock, the
minimum time between two external clock transitions must be at least one internal CPU
clock period. The external clock signal is sampled on the rising edge of the internal CPU
clock.

The 8-bit Timer/Counter0 features both a high-resolution and a high-accuracy usage
with the lower prescaling opportunities. Similarly, the high prescaling opportunities make
the Timer/Counter0 useful for lower speed functions or exact timing functions with infre-
quent actions.

32 AT90S8515 mu—————————
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Bit 15 14 13 12 11 10 9 8
$29 ($49) MSB OCR1BH
$28 ($48) LSB OCR1BL
7 6 5 4 3 2 1 0
Read/Write RW RIW RIW RIW RIW RIW RIW RIW
RIW RIW RIW RIW RIW RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

The output compare registers are 16-bit read/write registers.

The Timer/Counter1 Output Compare registers contain the data to be continuously com-
pared with Timer/Counter1. Actions on compare matches are specified in the
Timer/Counter1 Control and Status registers. A compare match only occurs if
Timer/Counter1 counts to the OCR value. A software write that sets TCNT1 and OCR1A
or OCR1B to the same value does not generate a compare match.

A compare match will set the compare interrupt flag in the CPU clock cycle following the
compare event.

Since the Output Compare Registers (OCR1A and OCR1B) are 16-bit registers, a tem-
porary register (TEMP) is used when OCR1A/B are written to ensure that both bytes are
updated simultaneously. When the CPU writes the high byte, OCR1AH or OCR1BH, the
data is temporarily stored in the TEMP register. When the CPU writes the low byte,
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 (and from interrupt routines if interrupts are
allowed from within interrupt routines).

Bit 15 14 13 12 11 10 9 8
$25 ($45) MSB ICR1H
$24 ($44) 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.

AIMEL 39



Figure 32. Effects on Unsynchronized OCR1 Latching
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During the time between the write and the latch operation, a read from OCR1A or
OCR1B will read the contents of the temporary location. This means that the most
recently written value always will read out of OCR1A/B.

When the OCR1 contains $0000 or TOP, the output OC1A/OC1B is updated to low or
high on the next compare match according to the settings of COM1A1/COM1AO0 or
COM1B1/COM1BO. This is shown in Table 13.

Note:  If the compare register contains TOP value and the prescaler is not in use (CS12..CS10
= 001), the PWM output will not produce any pulse at all, because up-counting and
down-counting values are reached simultaneously. When the prescaler is in use
(CS12..CS10 = 001 or 000), the PWM output goes active when the counter reaches the
TOP value; but the down-counting compare match is not interpreted to be reached
before the next time the counter reaches the TOP value, making a one-period PWM
pulse.

Table 13. PWM Outputs OCR1X = $0000 or TOP

COM1X1 COM1X0 OCR1X Output OC1X
1 0 $0000 L
1 0 TOP H
1 1 $0000 H
1 1 TOP L

Note: X=AorB

In PWM mode, the Timer Overflow Flag1 (TOV1) is set when the counter advances from
$0000. Timer Overflow Interrupt1 operates exactly as in normal Timer/Counter mode,
i.e., it is executed when TOV1 is set, provided that Timer Overflow Interrupt1 and global
interrupts are enabled. This also applies to the Timer Output Comparei flags and
interrupts.

AIMEL “
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pins are inputs. When SS is driven high, 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.

Data Modes There are four combinations of SCK phase and polarity with respect to serial data,
which are determined by control bits CPHA and CPOL. The SPI data transfer formats
are shown in Figure 36 and Figure 37.

Figure 36. SPI Transfer Format with CPHA = 0 and DORD =0

SCK CYCLE # 1 2 3 4 5 6 7 8
(FOR REFERENCE)
e — K OKCKOHOK RO O—
SCK (CPOL=1) '\ i | | | | | |
MOSI MSB 6 5 X 4 3 2 1 LSB

(FROMIMASTER) Nyl .
MSO — wmse X 6 X 5 X a2 X 3 X 2 X 1 LSB *

(FROM SLAVE)
SS (TO SLAVE) ‘ ‘ ‘ ‘ ‘ ‘ ‘

| | | | | | | | |
* Not defined but normally MSB of character just received
Figure 37. SPI Transfer Format with CPHA =1 and DORD =0
SCKCYCLE # 1 2 | 3 | 4 5 | 6 | 7 8
(FOR REFERENCE) ’ ‘ ‘
e RO ORI =
e A A AT T T
(FROM MAS'\%)% MsB X 6 X 5 X 4 X 3 X 2 X 1 LsB >
MISO * X MsB 6 5 4 3 2 1 LSB D o
(FROM SLAVE) X X X ‘
SS (TO SLAVE) ‘ ‘ ‘ ‘ ‘ [
| | | | | | | | |
* Not defined but normally LSB of previously transmitted character
SPI Control Register — SPCR
Bit 7 6 5 4 3 2 1 0
$0D ($2D) I SPIE SPE DORD MSTR CPOL CPHA SPR1 SPRO I SPCR
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

e Bit 7 — SPIE: SPI Interrupt Enable

This bit causes the SPI interrupt to be executed if SPIF bit in the SPSR register is set
and the global interrupts are enabled.

* Bit 6 — SPE: SPI Enable

When the SPE bit is set (one), the SPI is enabled. This bit must be set to enable any SPI
operations.

AIMEL 4
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Data Reception
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If the 10(11)-bit Transmitter shift register is empty, data is transferred from UDR to the
shift register. At this time the UDRE (UART Data Register Empty) bit in the UART Status
Register, USR, is set. When this bit is set (one), the UART is ready to receive the next
character. At the same time as the data is transferred from UDR to the 10(11)-bit shift
register, bit 0 of the shift register is cleared (start bit) and bit 9 or 10 is set (stop bit). If
9-bit data word is selected (the CHR9 bit in the UART Control Register, UCR is set), the
TXB8 bit in UCR is transferred to bit 9 in the Transmit shift register.

On the baud rate clock following the transfer operation to the shift register, the start bit is
shifted out on the TXD pin. Then follows the data, LSB first. When the stop bit has been
shifted out, the shift register is loaded if any new data has been written to the UDR dur-
ing the transmission. During loading, UDRE is set. If there is no new data in the UDR
register to send when the stop bit is shifted out, the UDRE flag will remain set until UDR
is written again. When no new data has been written and the stop bit has been present
on TXD for one bit length, the TX Complete flag (TXC) in USR is set.

The TXEN bit in UCR enables the UART Transmitter when set (one). When this bit is
cleared (zero), the PD1 pin can be used for general I/O. When TXEN is set, the UART
Transmitter will be connected to PD1, which is forced to be an output pin regardless of
the setting of the DDD1 bit in DDRD.

Figure 39 shows a block diagram of the UART Receiver.

Figure 39. UART Receiver
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PIN CONTROL
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PDO |, RXD || DATA RECOVERY > 10(11)-BIT RX
LOGIC »  SHIFT REGISTER
A \ 4 A
Z|Z |00 w
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Interface to External
SRAM

AIMEL

using the SBI or CBI instruction, ACI will be cleared if it has become set before the
operation.

¢ 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.

e Bit 2 — ACIC: Analog Comparator Input Capture Enable

When set (one), this bit enables the Input Capture function in Timer/Counter1 to be trig-
gered by the Analog Comparator. The comparator output is, in this case, directly
connected to the Input Capture front-end logic, making the comparator utilize the noise
canceler and edge select features of the Timer/Counter1 Input Capture interrupt. When
cleared (zero), no connection between the Analog Comparator and the Input Capture
function is given. To make the comparator trigger the Timer/Counter1 Input Capture
interrupt, the TICIE1 bit in the Timer Interrupt Mask Register (TIMSK) must be set (one).

e Bits 1,0 - ACIS1, ACIS0: Analog Comparator Interrupt Mode Select

These bits determine which comparator events trigger the Analog Comparator interrupt.
The different settings are shown in Table 18.

Table 18. ACIS1/ACISO Settings

ACIS1 ACISO Interrupt Mode
0 0 Comparator Interrupt on Output Toggle
0 1 Reserved
1 0 Comparator Interrupt on Falling Output Edge
1 1 Comparator Interrupt on Rising Output Edge

Note:  When changing the ACIS1/ACISO bits, the Analog Comparator interrupt must be dis-
abled by clearing its interrupt enable bit in the ACSR register. Otherwise an interrupt can
occur when the bits are changed.

The interface to the SRAM consists of:

Port A: Multiplexed low-order address bus and data bus
Port C: High-order address bus

The ALE pin: Address latch enable

The RD and WR pins: Read and write strobes

The external data SRAM is enabled by setting the SRE (external SRAM enabile) bit of
the MCUCR (MCU Control Register) and will override the setting of the Data Direction
Register (DDRA). When the SRE bit is cleared (zero), the external data SRAM is dis-
abled and the normal pin and data direction settings are used. When SRE is cleared
(zero), the address space above the internal SRAM boundary is not mapped into the
internal SRAM, as AVR parts do not have an interface to the external SRAM.

When ALE goes from high to low, there is a valid address on Port A. ALE is low during a
data transfer. RD and WR are active when accessing the external SRAM only.

When the external SRAM is enabled, the ALE signal may have short pulses when
accessing the internal RAM, but the ALE signal is stable when accessing the external
SRAM.

Figure 42 sketches how to connect an external SRAM to the AVR using eight latches
that are transparent when G is high.
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PORTARN has to be cleared (zero) or the pin has to be configured as an output pin. The
Port A pins are tri-stated when a reset condition becomes active, even if the clock is not

active..
Table 19. DDAn Effects on Port A Pins
DDAnN PORTAN 110 Pull-up | Comment
0 0 Input No Tri-state (high-Z)
0 1 Input Yes PAn will source current if ext. pulled low.
1 0 Output No Push-pull Zero Output
1 1 Output No Push-pull One Output

Note: n: 7,6...0, pin number.

Port A Schematics Note that all port pins are synchronized. The synchronization latch is, however, not
shown in the figure.

Figure 45. Port A Schematic Diagrams (Pins PAO - PA7)
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Figure 56. Port D Schematic Diagram (Pin PD4)
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Figure 57. Port D Schematic Diagram (Pin PD5)
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Programming the Lock Bits

Reading the Fuse and Lock
Bits

Reading the Signature Bytes

AIMEL

Bit 5 = SPIEN Fuse bit
Bit 0 = FSTRT Fuse bit
Bit7 - 6, 4 - 1 = “1”. These bits are reserved and should be left unprogrammed (“17).

3. Give WRa twown_prs-Wide negative pulse to execute the programming,
twiwn_prs is found in Table 30. Programming the Fuse bits does not generate
any activity on the RDY/BSY pin.

The algorithm for programming the Lock bits is as follows (refer to “Programming the
Flash” on page 81 for details on command and data loading):

1. A: Load Command “0010 0000
2. D: Load Data Low Byte. Bit n = “0” programs the Lock bit.

Bit 2 = Lock Bit2

Bit 1 = Lock Bit1

Bit 7 - 3, 0 = “1”. These bits are reserved and should be left unprogrammed (“1”).
3. E: Write Data Low Byte.

The Lock bits can only be cleared by executing Chip Erase.

The algorithm for reading the Fuse and Lock bits is as follows (refer to “Programming
the Flash” on page 81 for details on Command loading):

1. A: Load Command “0000 0100".

2. Set OE to “0”, and BS to “1”. The status of the Fuse and Lock bits can now be
read at DATA (“0” means programmed).

Bit 7 = Lock Bit1

Bit 6 = Lock Bit2

Bit 5 = SPIEN Fuse bit

Bit 0 = FSTRT Fuse bit
3. SetOEto“1”.

Observe that BS needs to be set to “1”.

The algorithm for reading the signature bytes is as follows (refer to “Programming the
Flash” on page 81 for details on command and address loading):

1. A: Load Command “0000 1000
2. C:Load Address Low Byte ($00 - $02).

Set OE to “0”, and BS to “0”. The selected signature byte can now be read at DATA.
3. SetOE to“1”.
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Analog Comparator offset voltage is measured as absolute offset.

Figure 76. Analog Comparator Offset Voltage vs. Common Mode Voltage
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Figure 77. Analog Comparator Offset Voltage vs. Common Mode Voltage

ANALOG COMPARATOR OFFSET VOLTAGE vs.
COMMON MODE VOLTAGE V=27V
Al /

. q

10

Offset Voltage (mV)

0 0.5 1 1.5 2 2.5 3
Common Mode Voltage (V)

AIMEL 9

0841G-09/01



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)

PIN 11D ~——————{11.7500462) sQ
[T
= — 0.45(0.018)
0.80(0.0315) BSij — r 0.30(0.012)
ILRRRRANN
15500-386) SO

r 1.20(0.047) MAX

0.20(0.008) 0°~7°
oos000) ) /" ATt
% J 0.75(0.030) 0.15(0.006) ﬁ
~ 0.45(0.018) 0.05(0.002)

*Controlling dimension: millimetter
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