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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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one clock cycle. The resulting architecture is more code efficient while achieving
throughputs up to ten times faster than conventional CISC microcontrollers.

The AT90S8515 provides the following features: 8K bytes of In-System Programmable
Flash, 512 bytes EEPROM, 512 bytes SRAM, 32 general-purpose I/O lines, 32 general-
purpose working registers, flexible timer/counters with compare modes, internal and
external interrupts, a programmable serial UART, programmable Watchdog Timer with
internal oscillator, an SPI serial port and two software-selectable power-saving modes.
The Idle Mode stops the CPU while allowing the SRAM, timer/counters, SPI port and
interrupt system to continue functioning. The Power-down mode saves the register con-
tents but freezes the oscillator, disabling all other chip functions until the next external
interrupt or hardware reset.

The device is manufactured using Atmel’s high-density nonvolatile memory technology.
The On-chip In-System Programmable Flash allows the program memory to be repro-
grammed In-System through an SPI serial interface or by a conventional nonvolatile
memory programmer. By combining an enhanced RISC 8-bit CPU with In-System Pro-
grammable Flash on a monolithic chip, the Atmel AT90S8515 is a powerful
microcontroller that provides a highly flexible and cost-effective solution to many embed-
ded control applications.

The AT90S8515 AVR is supported with a full suite of program and system development
tools including: C compilers, macro assemblers, program debugger/simulators, in-circuit
emulators and evaluation kits.

Pin Descriptions

VCC Supply voltage.

GND Ground.

Port A (PA7..PA0) Port A is an 8-bit bi-directional I/O port. Port pins can provide internal pull-up resistors
(selected for each bit). The Port A output buffers can sink 20 mA and can drive LED dis-
plays directly. When pins PA0 to PA7 are used as inputs and are externally pulled low,
they will source current if the internal pull-up resistors are activated. The Port A pins are
tri-stated when a reset condition becomes active, even if the clock is not active.

Port A serves as multiplexed address/data input/output when using external SRAM.

Port B (PB7..PB0) Port B is an 8-bit bi-directional I/O port with internal pull-up resistors. The Port B output
buffers can sink 20 mA. As inputs, Port B pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not active.

Port B also serves the functions of various special features of the AT90S8515 as listed
on page 66.

Port C (PC7..PC0) Port C is an 8-bit bi-directional I/O port with internal pull-up resistors. The Port C output
buffers can sink 20 mA. As inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even if the clock is not active.

Port C also serves as address output when using external SRAM.

Port D (PD7..PD0) Port D is an 8-bit bi-directional I/O port with internal pull-up resistors. The Port D output
buffers can sink 20 mA. As inputs, Port D pins that are externally pulled low will source
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AT90S8515
Indirect Program Addressing, 
IJMP and ICALL

Figure 18.  Indirect Program Memory Addressing

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

Relative Program Addressing, 
RJMP and RCALL

Figure 19.  Relative Program Memory Addressing

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

EEPROM Data Memory 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.

Memory Access Times 
and Instruction 
Execution Timing

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

The AVR CPU is driven by the System Clock Ø, 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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Figure 20.  The Parallel Instruction Fetches and Instruction Executions

Figure 21 shows the internal timing concept for the register file. In a single clock cycle
an ALU operation using two register operands is executed and the result is stored back
to the destination register.

Figure 21.  Single Cycle ALU Operation

The internal data SRAM access is performed in two System Clock cycles as described
in Figure 22.

Figure 22.  On-chip Data SRAM Access Cycles

See “Interface to External SRAM” on page 60 for a description of the access to the
external SRAM.
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Reset and Interrupt 
Handling

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 INT0 (the External
Interrupt Request 0), etc.

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_INT0 ; IRQ0 Handler

$002 rjmp EXT_INT1 ; IRQ1 Handler

$003 rjmp TIM1_CAPT ; Timer1 Capture Handler

$004 rjmp TIM1_COMPA ; Timer1 CompareA Handler

$005 rjmp TIM1_COMPB ; Timer1 CompareB Handler

$006 rjmp TIM1_OVF ; Timer1 Overflow Handler

$007 rjmp TIM0_OVF ; Timer0 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: ldi r16,high(RAMEND); Main program start

$00e out SPH,r16

Table 2.  Reset and Interrupt Vectors

Vector No.
Program 
Address Source Interrupt Definition

1 $000 RESET
External Reset, Power-on Reset and 
Watchdog Reset

2 $001 INT0 External Interrupt Request 0

3 $002 INT1 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/Counter1 Compare Match B

7 $006 TIMER1 OVF Timer/Counter1 Overflow

8 $007 TIMER0, OVF Timer/Counter0 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
22 AT90S8515
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Timer/Counter Interrupt Flag 
Register – TIFR

• Bit 7 – TOV1: Timer/Counter1 Overflow Flag

The TOV1 is set (one) when an overflow occurs in Timer/Counter1. 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 Overf low 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/Counter1 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.

• Bit 3 – ICF1: Input Capture Flag 1

The ICF1 bit is set (one) to f lag 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.

• Bit 1 – TOV: Timer/Counter0 Overflow Flag

The bit TOV0 is set (one) when an overflow occurs in Timer/Counter0. TOV0 is cleared
by hardware when executing the corresponding interrupt handling vector. Alternatively,
TOV0 is cleared by writing a logical “1” to the flag. When the SREG I-bit, TOIE0
(Timer/Counter0 Overf low Interrupt Enable) and TOV0 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.

Bit 7 6 5 4 3 2 1 0

$38 ($58) TOV1 OCF1A OCIFB – ICF1 – TOV0 – TIFR
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
28 AT90S8515
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• Bit 5 – SE: Sleep Enable

The SE bit must be set (one) to make the MCU enter the Sleep Mode when the SLEEP
instruction is executed. To avoid the MCU entering the Sleep Mode, unless it is the pro-
grammer’s purpose, it is recommended to set the Sleep Enable (SE) bit just before the
execution of the SLEEP instruction.

• Bit 4 – SM: Sleep Mode

This bit selects between the two available sleep modes. When SM is cleared (zero), Idle
Mode is selected as Sleep Mode. When SM is set (one), Power-down mode is selected
as Sleep Mode. For details, refer to the section “Sleep Modes”.

• Bits 3, 2 – ISC11, ISC10: Interrupt Sense Control 1, Bit 1 and Bit 0

The External Interrupt 1 is activated by the external pin INT1 if the SREG I-flag and the
corresponding interrupt mask in the GIMSK are set. The level and edges on the external
INT1 pin that activate the interrupt are defined in Table 5.

• Bits 1, 0 – ISC01, ISC00: Interrupt Sense Control 0, Bit 1 and Bit 0

The External Interrupt 0 is activated by the external pin INT0 if the SREG I-flag and the
corresponding interrupt mask are set. The level and edges on the external INT0 pin that
activate the interrupt are defined in Table 6.

The value on the INTn pin is sampled before detecting edges. If edge interrupt is
selected, pulses with a duration longer than one CPU clock period will generate an inter-
rupt. Shorter pulses are not guaranteed to generate an interrupt. If low-level interrupt is
selected, the low level must be held until the completion of the currently executing
instruction to generate an interrupt. If enabled, a level-triggered interrupt will generate
an interrupt request as long as the pin is held low.

Table 5.  Interrupt 1 Sense Control

ISC11 ISC10 Description

0 0 The low level of INT1 generates an interrupt request.

0 1 Reserved

1 0 The falling edge of INT1 generates an interrupt request.

1 1 The rising edge of INT1 generates an interrupt request.

Table 6.  Interrupt 0 Sense Control

ISC01 ISC00 Description

0 0 The low level of INT0 generates an interrupt request.

0 1 Reserved

1 0 The falling edge of INT0 generates an interrupt request.

1 1 The rising edge of INT0 generates an interrupt request.
30 AT90S8515
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Timer/Counter1 Control 
Register A – TCCR1A

• Bits 7, 6 – COM1A1, COM1A0: Compare Output Mode1A, Bits 1 and 0

The COM1A1 and COM1A0 control bits determine any output pin action following a
compare match in Timer/Counter1. Any output pin actions affect pin OC1A (Output
CompareA p in  1) .  This  is  an  a l te rnat ive  funct ion  to  an  I /O por t  and the
corresponding direction control bit must be set (one) to control the output pin. The con-
trol configuration is shown in Table 8.

• Bits 5, 4 – COM1B1, COM1B0: Compare Output Mode1B, Bits 1 and 0

The COM1B1 and COM1B0 control bits determine any output pin action following a
compare match in Timer/Counter1. Any output pin actions affect pin OC1B (Output
CompareB). The control configuration is given in Table 8. 

Note: X = A or B
In PWM mode, these bits have a different function. Refer to Table 12 on page 40 for a
detailed description.

• Bits 3..2 – Res: Reserved Bits

These bits are reserved bits in the AT90S8515 and always read zero.

• Bits 1..0 – PWM11, PWM10: Pulse Width Modulator Select Bits 1 and 0

These bits select PWM operation of Timer/Counter1 as specified in Table 9. This mode
is described on page 40.

Bit 7 6 5 4 3 2 1 0

$2F ($4F) COM1A1 COM1A0 COM1B1 COM1B0 – – PWM11 PWM10 TCCR1A

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

Initial Value 0 0 0 0 0 0 0 0

Table 8.  Compare 1 Mode Select

COM1X1 COM1X0 Description

0 0 Timer/Counter1 disconnected from output pin OC1X

0 1 Toggle the OC1X output line.

1 0 Clear the OC1X output line (to zero).

1 1 Set the OC1X output line (to one).

Table 9.  PWM Mode Select

PWM11 PWM10 Description

0 0 PWM operation of Timer/Counter1 is disabled

0 1 Timer/Counter1 is an 8-bit PWM

1 0 Timer/Counter1 is a 9-bit PWM

1 1 Timer/Counter1 is a 10-bit PWM
36 AT90S8515
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AT90S8515
1. In the same operation, write a logical “1” to WDTOE and WDE. A logical “1” must 
be written to WDE even though it is set to one before the disable operation starts.

2. Within the next four clock cycles, write a logical “0” to WDE. This disables the 
Watchdog.

• Bits 2..0 – WDP2, WDP1, WDP0: Watchdog Timer Prescaler 2, 1 and 0

The WDP2, WDP1 and WDP0 bits determine the Watchdog Timer prescaling when the
Watchdog Timer is enabled. The different prescaling values and their corresponding
Time-out periods are shown in Table 14.

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

Table 14.  Watchdog Timer Prescale Select

WDP2 WDP1 WDP0
Number of WDT
Oscillator Cycles

Typical Time-out 
at VCC = 3.0V

Typical Time-out 
at VCC = 5.0V

0 0 0 16K cycles 47.0 ms 15.0 ms

0 0 1 32K cycles 94.0 ms 30.0 ms

0 1 0 64K cycles 0.19 s 60.0 ms

0 1 1 128K cycles 0.38 s 0.12 s

1 0 0 256K cycles 0.75 s 0.24 s

1 0 1 512K cycles 1.5 s 0.49 s

1 1 0 1,024K cycles 3.0 s 0.97 s

1 1 1 2,048K cycles 6.0 s 1.9 s
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AT90S8515
Serial Peripheral 
Interface – SPI

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

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.
47
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The FE bit is cleared when the stop bit of received data is one.

• Bit 3 – OR: Overrun

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

The OR bit is cleared (zero) when data is received and transferred to UDR.

• Bits 2..0 – Res: Reserved Bits

These bits are reserved bits in the AT90S8515 and will always read as zero.

UART Control Register – UCR

• Bit 7 – RXCIE: RX Complete Interrupt Enable

When this bit is set (one), a setting of the RXC bit in USR will cause the Receive Com-
plete Interrupt routine to be executed provided that global interrupts are enabled.

• Bit 6 – TXCIE: TX Complete Interrupt Enable

When this bit is set (one), a setting of the TXC bit in USR will cause the Transmit Com-
plete Interrupt routine to be executed provided that global interrupts are enabled.

• Bit 5 – UDRIE: UART Data Register Empty Interrupt Enable

When this bit is set (one), a setting of the UDRE bit in USR will cause the UART Data
Register Empty Interrupt routine to be executed provided that global interrupts are
enabled.

• Bit 4 – RXEN: Receiver Enable

This bit enables the UART receiver when set (one). When the receiver is disabled, the
RXC, OR and FE status flags cannot become set. If these flags are set, turning off
RXEN does not cause them to be cleared.

• Bit 3 – TXEN: Transmitter Enable

This bit enables the UART transmitter when set (one). When disabling the transmitter
while transmitting a character, the transmitter is not disabled before the character in the
shift register plus any following character in UDR has been completely transmitted.

• Bit 2 – CHR9: 9-bit Characters

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

• Bit 1 – RXB8: Receive Data Bit 8

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

• Bit 0 – TXB8: Transmit Data Bit 8

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

Bit 7 6 5 4 3 2 1 0

$0A ($2A) RXCIE TXCIE UDRIE RXEN TXEN CHR9 RXB8 TXB8 UCR
Read/Write R/W R/W R/W R/W R/W R/W R W

Initial Value 0 0 0 0 0 0 1 0
56 AT90S8515
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PORTAn 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..

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 PA0 - PA7)

Table 19.  DDAn Effects on Port A Pins

DDAn PORTAn I/O 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
64 AT90S8515
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Port C Schematics Note that all port pins are synchronized. The synchronization latch is, however, not
shown in the figure.

Figure 52.  Port C Schematic Diagram (Pins PC0 - PC7)

Port D Port D is an 8-bit bi-directional I/O port with internal pull-up resistors.

Three I/O memory address locations are allocated for the Port D, one each for the Data
Register – PORTD, $12($32), Data Direction Register – DDRD, $11($31) and the Port D
Input Pins – PIND, $10($30). The Port D Input Pins address is read-only, while the Data
Register and the Data Direction Register are read/write.

The Port D output buffers can sink 20 mA. As inputs, Port D pins that are externally
pulled low will source current if the pull-up resistors are activated.

Some Port D pins have alternate functions as shown in Table 23.

When the pins are used for the alternate function, the DDRD and PORTD registers have
to be set according to the alternate function description.

Table 23.  Port D Pin Alternate Functions

Port Pin Alternate Function

PD0 RXD (UART Input Line)

PD1 TXD (UART Output Line)

PD2 INT0 (External interrupt 0 Input)

PD3 INT1 (External interrupt 1 Input)

PD5 OC1A (Timer/Counter1 Output CompareA Match Output)

PD6 WR (Write Strobe to External Memory)

PD7 RD (Read Strobe to External Memory)
72 AT90S8515
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• INT1 – Port D, Bit 3

INT1: External Interrupt source 1. The PD3 pin can serve as an external interrupt source
to the MCU. See the interrupt description for further details and how to enable the
source.

• INT0 – Port D, Bit 2

INT0: External Interrupt source 0. The PD2 pin can serve as an external interrupt source
to the MCU. See the interrupt description for further details and how to enable the
source.

• TXD – Port D, Bit 1

Transmit Data (data output pin for the UART). When the UART transmitter is enabled,
this pin is configured as an output, regardless of the value of DDRD1.

• RXD – Port D, Bit 0

Receive Data (data input pin for the UART). When the UART receiver is enabled, this
pin is configured as an input, regardless of the value of DDRD0. When the UART forces
this pin to be an input, a logical “1” in PORTD0 will turn on the internal pull-up.

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

Figure 53.  Port D Schematic Diagram (Pin PD0)
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Figure 56.  Port D Schematic Diagram (Pin PD4)

Figure 57.  Port D Schematic Diagram (Pin PD5)
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AT90S8515
Figure 58.  Port D Schematic Diagram (Pin PD6)

Figure 59.  Port D Schematic Diagram (Pin PD7)
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AT90S8515
Figure 62.  Programming the Flash Waveforms (Continued)

Reading the Flash The algorithm for reading the Flash memory is as follows (refer to “Programming the
Flash” for details on command and address loading):

1. A: Load Command “0000 0010”.

2. B: Load Address High Byte ($00 - $0F).

3. C: Load Address Low Byte ($00 - $FF).

4. Set OE to “0”, and BS to “0”. The Flash word low byte can now be read at DATA.

5. Set BS to “1”. The Flash word high byte can now be read from DATA.

6. Set OE to “1”.

Programming the EEPROM The programming algorithm for the EEPROM data memory is as follows (refer to “Pro-
gramming the Flash” for details on command, address and data loading):

1. A: Load Command “0001 0001”.

2. (AT90S8515 only) B: Load Address High Byte ($00 - $01).

3. C: Load Address Low Byte ($00 - $FF).

4. D: Load Data Low Byte ($00 - $FF).

5. E: Write Data Low Byte.

Reading the EEPROM The algorithm for reading the EEPROM memory is as follows (refer to “Programming the
Flash” for details on command and address loading):

1. A: Load Command “0000 0011”.

2. (AT90S8515 only) B: Load Address High Byte ($00 - $01).

3. C: Load Address Low Byte ($00 - $FF).

4. Set OE to “0”, and BS to “0”. The EEPROM data byte can now be read at DATA.

5. Set OE to “1”.

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

1. A: Load Command “0100 0000”.

2. D: Load Data Low Byte. Bit n = “0” programs and bit n = “1” erases the Fuse bit.

DATA HIGHDATA

XA1

XA0

BS

XTAL1

WR

RDY/BSY

RESET +12V

OE
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Bit 5 = SPIEN Fuse bit

Bit 0 = FSTRT Fuse bit

Bit 7 - 6, 4 - 1 = “1”. These bits are reserved and should be left unprogrammed (“1”).

3. Give WR a tWLWH_PFB-wide negative pulse to execute the programming, 
tWLWH_PFB is found in Table 30. Programming the Fuse bits does not generate 
any activity on the RDY/BSY pin.

Programming the Lock Bits 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.

Reading the Fuse and Lock 
Bits

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. Set OE to “1”.

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

Reading the Signature Bytes 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. Set OE to “1”.
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External Clock Drive 
Waveforms

Figure 67.  External Clock

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

Table 36.  External Clock Drive

Symbol Parameter

VCC = 2.7V to 4.0V VCC = 4.0V to 6.0V

UnitsMin Max Min Max

1/tCLCL Oscillator Frequency 0 4.0 0 8.0 MHz

tCLCL Clock Period 250.0 125.0 ns

tCHCX High Time 100.0 50.0 ns

tCLCX Low Time 100.0 50.0 ns

tCLCH Rise Time 1.6 0.5 µs

tCHCL Fall Time 1.6 0.5 µs

VIL1

VIH1

System Clock Ø

ALE

WR

RD

Data/Address [7..0]

Data/Address [7..0]

Address [15..8]

Address

Address

Address

T1 T2 T3 T4

Prev. Address

Prev. Address

Prev. Address
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2 13
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5

Note: Clock cycle T3 is only present when external SRAM wait state is enabled.
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6
3b

Data

Data

W
rit

e
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d
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Figure 82.  I/O Pin Sink Current vs. Output Voltage

Figure 83.  I/O Pin Source Current vs. Output Voltage
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