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Crystal Oscillator XTAL1 and XTAL2 are input and output, respectively, of an inverting amplifier that can
be configured for use as an on-chip oscillator, as shown in Figure 2. Either a quartz
crystal or a ceramic resonator may be used. To drive the device from an external clock
source, XTAL2 should be left unconnected while XTAL1 is driven as shown in Figure 3.

Figure 2. Oscillator Connections
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Note:  When using the MCU oscillator as a clock for an external device, an HC buffer should be
connected as indicated in the figure.

Figure 3. External Clock Drive Configuration
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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.
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Figure 5. Memory Maps
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Data Indirect with
Displacement

Data Indirect

Data Indirect with Pre-
decrement
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AT90S8515

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 |
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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
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Operand address is the contents of the X-, Y-, or the Z-register.
Figure 15. Data Indirect Addressing with Pre-decrement
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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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General Interrupt Mask
Register — GIMSK

General Interrupt Flag
Register — GIFR

AIMEL

interrupt. Some of the interrupt flags can also be cleared by writing a logical “1” to the
flag bit position(s) to be cleared.

If an interrupt condition occurs when the corresponding interrupt enable bit is cleared
(zero), the interrupt flag will be set and remembered until the interrupt is enabled or the
flag is cleared by software.

If one or more interrupt conditions occur when the global interrupt enable bit is cleared
(zero), the corresponding interrupt flag(s) will be set and remembered until the global
interrupt enable bit is set (one) and will be executed by order of priority.

Note that external level interrupt does not have a flag and will only be remembered for
as long as the interrupt condition is active.

Bit 7 6 5 4 3 2 1 0
$3B ($5B) | INT1 | INTO - | - ] cimsk
Read/Write R/W R/W R R R R R R
Initial Value 0 0 0 0 0 0 0 0

e Bit 7 — INT1: External Interrupt Request 1 Enable

When the INT1 bit is set (one) and the I-bit in the Status Register (SREG) is set (one),
the external pin interrupt is enabled. The Interrupt Sense Control1 bits 1/0 (ISC11 and
ISC10) in the MCU general Control Register (MCUCR) define whether the external
interrupt is activated on rising or falling edge of the INT1 pin or is level-sensed. Activity
on the pin will cause an interrupt request even if INT1 is configured as an output. The
corresponding interrupt of External Interrupt Request 1 is executed from program mem-
ory address $002. See also “External Interrupts”.

¢ Bit 6 — INTO: External Interrupt Request 0 Enable

When the INTO bit is set (one) and the I-bit in the Status Register (SREG) is set (one),
the external pin interrupt is enabled. The Interrupt Sense Control0 bits 1/0 (ISC01 and
ISCO00) in the MCU general Control Register (MCUCR) define whether the external
interrupt is activated on rising or falling edge of the INTO pin or is level-sensed. Activity
on the pin will cause an interrupt request even if INTO is configured as an output. The
corresponding interrupt of External Interrupt Request O is executed from program mem-
ory address $001. See also “External Interrupts”.

¢ 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
$3A ($5A) | INTF1 | INTFO - | - JGIFR
Read/Write R/W R/W R R R R R R
Initial Value 0 0 0 0 0 0 0 0

e Bit 7 — INTF1: External Interrupt Flag1

When an edge on the INT1 pin triggers an interrupt request, the corresponding interrupt
flag, INTF1 becomes set (one). If the I-bit in SREG and the corresponding interrupt
enable bit, INT1 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 can be
cleared by writing a logical “1” to it. This flag is always cleared when INT1 is configured
as level interrupt.

26 AT90S8515 mu—————————
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Timer/Counter Interrupt Mask
Register — TIMSK

0841G-09/01

¢ 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.

AIMEL 27



External Interrupts 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).

Interrupt Response Time The interrupt execution response for all the enabled AVR interrupts is four clock cycles
minimum. Four clock cycles after the interrupt flag has been set, the program vector
address for the actual interrupt handling routine is executed. During this 4-clock-cycle
period, the Program Counter (2 bytes) is pushed onto the stack and the Stack Pointer is
decremented by 2. The vector is normally a relative jump to the interrupt routine, and
this jump takes two clock cycles. If an interrupt occurs during execution of a multi-cycle
instruction, this instruction is completed before the interrupt is served.

A return from an interrupt handling routine (same as for a subroutine call routine) takes
four clock cycles. During these four clock cycles, the Program Counter (2 bytes) is
popped back from the stack, the Stack Pointer is incremented by 2 and the I-flag in
SREG is set. When the AVR exits from an interrupt, it will always return to the main pro-
gram and execute one more instruction before any pending interrupt is served.

Note that the Status Register (SREG) is not handled by the AVR hardware, for neither
interrupts nor subroutines. For the interrupt handling routines requiring a storage of the
SREG, this must be performed by user software.

For interrupts triggered by events that can remain static (e.g., the Output Compare
Register1 A 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. Note that an external level interrupt
will only be remembered for as long as the interrupt condition is active.

MCU Control Register — The MCU Control Register contains control bits for general MCU functions.

MCUCR Bit 7 6 5 4 3 2 1 0
$35(55) | SRE | SRW | SE [ SM | Isci1 | Isc10 | Isco1 | Iscoo | Mcucr
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0

¢ Bit 7 — SRE: External SRAM Enable

When the SRE bit is set (one), the external data SRAM is enabled and the pin functions
ADO - 7 (Port A), A8 - 15 (Port C), WR and RD (Port D) are activated as the alternate pin
functions. Then the SRE bit overrides any pin direction settings in the respective data
direction registers. See “SRAM Data Memory — Internal and External” on page 12 for a
description of the external SRAM pin functions. When the SRE bit is cleared (zero), the
external data SRAM is disabled and the normal pin and data direction settings are used.

¢ Bit 6 — SRW: External SRAM Wait State

When the SRW bit is set (one), a one-cycle wait state is inserted in the external data
SRAM access cycle. When the SRW bit is cleared (zero), the external data SRAM
access is executed with the normal three-cycle scheme. See Figure 43 and Figure 44.

AIMEL 29
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Timer/Counter1 in PWM Mode

AIMEL

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 (and from interrupt routines if
interrupts are allowed from within interrupt routines).

When the PWM mode is selected, Timer/Counter1, the Output Compare Register1A
(OCR1A) and the Output Compare RegisteriB (OCR1B) form a dual 8-, 9- or 10-bit,
free-running, glitch-free and phase-correct PWM with outputs on the PD5(OC1A) and
OC1B pins. Timer/Counter1 acts as an up/down counter, counting up from $0000 to
TOP (see Table 11), 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)/OC1B pins are set or cleared according to the set-
tings of the COM1A1/COM1A0 or COM1B1/COM1BO bits in the Timer/Counter1 Control
Register (TCCR1A). Refer to Table 12 for details.

Table 11. 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) frck1/2046

Table 12. Compare1 Mode Select in PWM Mode
COM1X1 | COM1X0 | Effect on OCX1

0 0 Not connected

0 1 Not connected

1 0 Cleared on .compare.match, up-counting. Set on compare match,
down-counting (non-inverted PWM).

1 1 Cleared on compare match, down-counting. Set on compare match,

up-counting (inverted PWM).

Note: X=AorB

Note that in the PWM mode, the 10 least significant OCR1A/OCR1B bits, when written,
are transferred to a temporary location. They are latched when Timer/Counter1 reaches
the value TOP. This prevents the occurrence of odd-length PWM pulses (glitches) in the
event of an unsynchronized OCR1A/OCR1B write. See Figure 32 for an example.
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Figure 32. Effects on Unsynchronized OCR1 Latching

Compare Value changes

Counter Value
- Compare Value

[ [ ] [ ] [ ] PWM Output OC1X

Synchronized OCR1X Latch

Compare Value changes

Counter Value

[ [ [1 [ ] I— PWM Output OC1X

Unsynchronized OCR1X Latch ‘LGIitch
Note: X =A or B

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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Serial Peripheral
Interface — SPI

0841G-09/01

The Serial Peripheral Interface (SPI) allows high-speed synchronous data transfer
between the AT90S8515 and peripheral devices or between several AVR devices. The
AT90S8515 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 (Slave Mode Only)

Figure 34. SPI Block Diagram
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The interconnection between master and slave CPUs with SPI is shown in Figure 35.
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 35.
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.

AIMEL 47



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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Analog Comparator 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 41.

Figure 41. Analog Comparator Block Diagram
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Analog Comparator Control
and Status Register — ACSR Bit 7 6 5 4 3 2 1 0
$08 ($28) I ACD - ACO ACI ACIE ACIC ACIS1 ACISO I 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. This will reduce power con-
sumption in active and idle mode. 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 AT90S8515 and will always read as zero.
¢ 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. Observe however, that if another bit in this register is modified

AIMEL 59
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Figure 54. Port D Schematic Diagram (Pin PD1)
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Figure 55. Port D Schematic Diagram (Pins PD2 and PD3)
RD
A
MOs
PULL-
uP
RESET
R ble
DDDn
c
wD ®
=]
RESET m
l 3
A <
PDn . D a
~ PORTDN
c
RL wp
RP
> l‘[
v | A\ 4
WP: WRITE PORTD
RL: READ PORTD LATCH
RP: READ PORTD PIN
RD: READ DDRD
n: 2,3
m: 0,1

AIMEL

ISCm1 ISCm0

AT90S8515

75



AT90S8515

Parallel Programming Figure 63. Parallel Programming Timing
Characteristics )
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RDY/BSY o
> twir _
OF o < oroy lonpz, E
DATA ¢«
Table 30. Parallel Programming Characteristics, T, = 25°C + 10%, Vo =5V = 10%
Symbol Parameter Min | Typ | Max | Units
Vpp Programming Enable Voltage 115 12.5 \
lpp Programming Enable Current 250.0 pA
tovxH Data and Control Setup before XTAL1 High 67.0 ns
tyhx XTAL1 Pulse Width High 67.0 ns
txLpx Data and Control Hold after XTAL1 Low 67.0 ns
tyowL XTAL1 Low to WR Low 67.0 ns
tavwL BS Valid to WR Low 67.0 ns
tamex BS Hold after RDY/BSY High 67.0 ns
L WR Pulse Width Low(" 67.0 ns
twHRL WR High to RDY/BSY Low® 20.0 ns
twiRK WR Low to RDY/BSY High® 05 | 07 | 09 ms
tyioL XTAL1 Low to OE Low 67.0 ns
toLov OE Low to DATA Valid 20.0 ns
torpz 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 Fuse
twown pee | Bits 1.0 1.5 1.8 ms
Notes: ) 1. Use ty wy_ce for Chip Erase and tW,_WH_PFBfﬂprogramming the Fuse bits.
2. If tywy is held longer than ty, gy, no RDY/BSY pulse will be seen.
85
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Serial Programming

Characteristics
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Figure 66. Serial Programming Timing
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Table 33. Serial Programming Characteristics, T, = -40°C to 85°C, Vo = 2.7V - 6.0V

(unless otherwise noted)

Symbol Parameter Min Typ | Max | Units
1cLcl Oscillator Frequency (Vgc = 2.7 - 4.0V) 0 4.0 MHz
telol Oscillator Period (Vo = 2.7 - 4.0V) 250.0 ns
1hcLcL Oscillator Frequency (Ve = 4.0 - 6.0V) 0 8.0 MHz
terel Oscillator Period (Ve = 4.0 - 6.0V) 125.0 ns
tshsL SCK Pulse Width High 2.0 tg oL ns
tsisH SCK Pulse Width Low 2.0t oL ns
tovsH MOSI Setup to SCK High terol ns
tsHox MOSI Hold after SCK High 2.0tc o0 ns
tsLy SCK Low to MISO Valid 10.0 16.0 | 32.0 ns
Table 34. Minimum Wait Delay after the Chip Erase Instruction

Symbol 3.2v 3.6V 4.0v 5.0V
two_Erase 18 ms 14 ms 12 ms 8 ms

Table 35. Minimum Wait Delay after Writing a Flash or EEPROM Location

Symbol

3.2V

3.6V

4.0V

5.0V

two_rroG

9ms

7 ms

6 ms

4ms

AIMEL
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Electrical Characteristics
Absolute Maximum Ratings*

AIMEL

Operating Temperature..............ccc.cccouevunn.... -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature ...........c.coeeveeeeeeeeeeeennnns -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or
Voltage on Any Pin except RESET other conditions beyond those indicated in the
with Respect to Ground............c.ccocvcvennenns -1.0Vto Ve + 0.5V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Voltage on RESET conditions for extended periods may affect
with Respect to Ground .............cccoviiiiennnnnn, -1.0V to +13.0V device reliability.
Maximum Operating Voltage ............cccoceeeiieiiciieneeece, 6.6V
DC Current per /O Pin ....coeveiiiiiiiciee e 40.0 mA
DC Current Ve and GND Pins......ccoevveiieniceenee 200.0 mA
DC Characteristics
Tp=-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 (Except XTAL1) -0.5 0.3 V"
Vi Input Low Voltage (XTAL1) -0.5 0.2 VM %
Vig Input High Voltage (Except XTAL1, RESET) 0.6 V@ Ve +0.5 v
Vi Input High Voltage (XTAL1) 0.8 Vc® Vec + 0.5 v
Vi Input High Voltage (RESET) 0.9 Vec@? Vec + 0.5 v
Y Output Low Voltage® lo. =20 MA, Voo = 5V 0.6 %
oL (Ports A, B, C, D) lo. =10 MA, Ve =3V 0.5 v
Y Output High Voltage® loy = -3 MA, Vg = 5V 4.2 %
OH (Ports A, B, C, D) lon =-1.5 MA, Voo = 3V 2.3 v
| Input Leakage Vce =6V, pin low 8.0 A
I Current I/0 Pin (absolute value) : H
Input Leakage Ve =6V, pin high
i Current I/O Pin (absolute value) 980.0 nA
RRST Reset Pull-up Resistor 100.0 500.0 kQ
Rio I/O Pin Pull-up Resistor 35.0 120.0 kQ
Active Mode, V¢ = 3V, 4 MHz 3.0 mA
Power Supply Current
| Idle Mode V¢ = 3V, 4 MHz 1.2 mA
ce WDT enabled, Vg = 3V 9.0 15.0 HA
Power-down mode®
WDT disabled, V; = 3V <1.0 2.0 pA
Analog Comparator Voo =5V
Vacio Input Offset Voltage Vin = Vo/2 40.0 mv
Analog Comparator Voo =5V i
lhcLk Input Leakage Current Vi, = Veo/2 500 500 nA
t Analog Comparator Voo =27V 750.0 ns
ACPD Propagation Delay Ve = 4.0V 500.0
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External Clock Drive Figure 67. External Clock
Waveforms tenex
toen — — *— tehoL
N N
[ tolex —*
« tereL >

Table 36. External Clock Drive

Vee =2.7V to 4.0V Vce = 4.0V to 6.0V
Symbol Parameter Min Max Min Max Units
1cLcL Oscillator Frequency 0 4.0 0 8.0 MHz
toioL Clock Period 250.0 125.0 ns
tonex High Time 100.0 50.0 ns
toLex Low Time 100.0 50.0 ns
teLcH Rise Time 1.6 0.5 ps
teHeL Fall Time 1.6 0.5 ys

Note:  See “External Data Memory Timing” for a description of how the duty cycle influences the
timing for the external data memory.

Figure 68. External RAM Timing

T T2 T3 T4
0
SystemClock@ __ / \__ /  \__ [/  \__, \
1
ALE /F 4 ‘
7
Address [15..8] _Prevj Address )k Address
<> 2 13 15
Data/Address [7..0] __ Prev. Address Afdress Data Addr. | 2
— 3a 5 14 3
WR 6
3b 11> [«
Data/Address [7..0] __Prév. Address X Afidregs y— L Data — Addﬂ g
o
=5 10 9 —
RD 8
> 12
Note: Clock cycle T3 is only present when external SRAM wait state is enabled.
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Instruction Set Summary

AIMEL

Mnemonic | Operands | Description Operation Flags # Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Add Two Registers Rd < Rd + Rr Z,CN,V.H 1
ADC Rd, Rr Add with Carry Two Registers Rd«< Rd+Rr+C Z,CNV,H 1
ADIW Rdl, K Add Immediate to Word Rdh:Rdl <~ Rdh:Rdl + K Z,CN)\V,S 2
SUB Rd, Rr Subtract Two Registers Rd « Rd - Rr Z,CN,\V,H 1
SUBI Rd, K Subtract Constant from Register Rd « Rd -K Z,CNV,H 1
SBC Rd, Rr Subtract with Carry Two Registers Rd« Rd-Rr-C Z,CN,V.H 1
SBCI Rd, K Subtract with Carry Constant from Reg. Rd« Rd-K-C Z,CNV,H 1
SBIW Rdl, K Subtract Immediate from Word Rdh:Rdl «~ Rdh:Rdl - K Z,CNV,S 2
AND Rd, Rr Logical AND Registers Rd <~ Rd e Rr Z N,V 1
ANDI Rd, K Logical AND Register and Constant Rd <~ Rd e K ZN\V 1
OR Rd, Rr Logical OR Registers Rd <~ Rd v Rr ZN\V 1
ORI Rd, K Logical OR Register and Constant Rd « RdvK Z NV 1
EOR Rd, Rr Exclusive OR Registers Rd < Rd @ Rr ZN\V 1
COM Rd One’s Complement Rd « $FF - Rd Z,CN,V 1
NEG Rd Two’s Complement Rd « $00 - Rd Z,CN,V.H 1
SBR Rd, K Set Bit(s) in Register Rd « Rd v K Z NV 1
CBR Rd, K Clear Bit(s) in Register Rd < Rd e ($FF - K) Z NV 1
INC Rd Increment Rd < Rd + 1 ZN\V 1
DEC Rd Decrement Rd < Rd-1 Z NV 1
TST Rd Test for Zero or Minus Rd < Rd ¢« Rd ZN\V 1
CLR Rd Clear Register Rd « Rd @ Rd Z NV 1
SER Rd Set Register Rd « $FF None 1
BRANCH INSTRUCTIONS
RJMP k Relative Jump PC«—PC+k+1 None 2
IJMP Indirect Jump to (Z) PC«Z None 2
RCALL k Relative Subroutine Call PC«— PC+k+1 None 3
ICALL Indirect Call to (Z) PC«Z None 3
RET Subroutine Return PC « STACK None 4
RETI Interrupt Return PC « STACK | 4
CPSE Rd, Rr Compare, Skip if Equal ifRd=Rr)PC« PC+2o0r3 None 1/2/3
CP Rd, Rr Compare Rd - Rr ZN,V,CH 1
CPC Rd, Rr Compare with Carry Rd-Rr-C ZNV,CH 1
CPI Rd, K Compare Register with Immediate Rd - K ZN,\V,CH 1
SBRC Rr, b Skip if Bit in Register Cleared if (Rr(b)=0)PC <« PC+20r3 None 11213
SBRS Rr, b Skip if Bit in Register is Set if (Rr(b)=1)PC « PC+20r3 None 1/2/3
SBIC P, b Skip if Bit in I/O Register Cleared if (P(b)=0)PC« PC+20r3 None 1/2/13
SBIS P,b Skip if Bit in 1/0O Register is Set if (P(b)=1)PC« PC+2o0r3 None 1/2/13
BRBS s, k Branch if Status Flag Set if SREG(s) = 1) then PC « PC +k + 1 None 1/2
BRBC s, k Branch if Status Flag Cleared if (SREG(s) =0)then PC < PC +k + 1 None 1/2
BREQ k Branch if Equal if Z=1)then PC«— PC+k+1 None 1/2
BRNE k Branch if Not Equal if (Z=0)then PC« PC+k+1 None 1/2
BRCS k Branch if Carry Set if (C=1)then PC« PC+k+1 None 1/2
BRCC k Branch if Carry Cleared if (C=0)then PC« PC+k+1 None 1/2
BRSH k Branch if Same or Higher if (C=0)then PC« PC+k+1 None 1/2
BRLO k Branch if Lower if (C=1)thenPC« PC+k+1 None 1/2
BRMI k Branch if Minus if (N=1)then PC« PC+k+1 None 1/2
BRPL k Branch if Plus if (N =0) then PC <« PC+k +1 None 12
BRGE k Branch if Greater or Equal, Signed if(N®V=0)thenPC« PC+k+1 None 1/2
BRLT k Branch if Less Than Zero, Signed if(N®V=1)thenPC« PC+k+1 None 1/2
BRHS k Branch if Half-carry Flag Set if(H=1)then PC <« PC+k+1 None 1/2
BRHC k Branch if Half-carry Flag Cleared if (H=0)then PC <« PC+k+1 None 1/2
BRTS k Branch if T-flag Set if (T=1)then PC« PC+k+1 None 1/2
BRTC k Branch if T-flag Cleared if (T=0)thenPC« PC+k+1 None 1/2
BRVS k Branch if Overflow Flag is Set if V=1)thenPC« PC+k+1 None 1/2
BRVC k Branch if Overflow Flag is Cleared if V=0)then PC « PC+k+1 None 1/2
BRIE k Branch if Interrupt Enabled if (1=1)then PC« PC+k+1 None 1/2
BRID k Branch if Interrupt Disabled if (1=0)thenPC« PC+k+1 None 1/2
106  AT90S8515 m———————————————
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44J

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Milimeters and (Inches)*
JEDEC STANDARD MS-018 AC

1.14(0.045) X 45°  PINNO. 1 1-14(0-045)145 0.318(0.0125)
T SR IDENTIFY - H 0.191(0.0075)
- A
O ]
4* § § T :i 16.00(0.630)5
1 +16.70(0.656) 15.00(0.590)
0.813(0.032) | - ~-16.50(0.650) — 0.533(0.021)
0.660(0.026) §- y 0.330(0.013)
(0.026) y - | 17.70(0.695), 0.330(0.013)
; L | 17.40(0.685)
1.27(0.050) TYP o ¢ = o - MIN
~=112.70(0.500) REF SQ 0-50(0.020)
. 2.11(0.083)
1.57(0.062)
_ 3.05(0.120)
2.29(0.090)
4.57(0.180)
™1 4.19(0.165)
% % fo .51(0.020)MAX 45° MAX (3X)

*Controlling dimensions: Inches
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