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Description

The AT90S4414/AT90S8515 is a low-power CMOS 8-bit microcontroller based on the AVR RISC architecture. By execut-
ing powerful instructions in a single clock cycle, the AT90S4414/8515 achieves throughputs approaching 1 MIPS per MHz
allowing the system designer to optimize power consumption versus processing speed.

Block Diagram

Figure 1. The AT90S4414/8515 Block Diagram

PAO - PA7 PCO - PC7

PORTA DRIVERS PORTC DRIVERS

DATA REGISTER DATA DIR. DATA REGISTER DATA DIR.
PORTA REG. PORTA PORTC REG. PORTC

{ ! ! !

8-BIT DATA BUS XTAL1
Hb
INTERNAL
| OSCILLATOR | | OSCILLATOR L]
| H
XTAL2
PROGRAM STACK WATCHDOG TIMING AND SESET
COUNTER POINTER TIMER CONTROL
A

MCU CONTROL
—|_>
::I SRAM |‘ > REGISTER ALE
GENERAL TIMER/
l»]  PURPOSE COUNTERS

_,l

INSTRUCTION
REGISTER

DATA REGISTER
PORTB

DATA DIR.
REG. PORTB

DATA DIR.

REG. PORTD

ANALOG

COMPARATOR A

1
1
1
1
|
1
REGISTERS i
1
[ X :
INSTRUCTION e v INTERRUPT  [$ . 1cP
DECODER l 7 UNIT s i
1
1
] .
CONTROL |
LINES !
1
1
1
STATUS .
REGISTER '
1
v ¥ l
1
PROGRAMMING
4 GRAMA r:l SPI |<—> UART !
v 4 |
1
1
1
1
¢ + |
y | v !
1
1
1
1
1
1
1
1
1
1
1

------------ T T

PBO - PB7 PDO - PD7

2 AT90S4414/8515 meee———sse———



Eesssssssssssssssssssssssssssssssssssn A 19054414/8515

The AVR core combines a rich instruction set with 32 general purpose working registers. All the 32 registers are directly
connected to the Arithmetic Logic Unit (ALU), allowing two independent registers to be accessed in one single instruction
executed in one clock cycle. The resulting architecture is more code efficient while achieving throughputs up to ten times
faster than conventional CISC microcontrollers.

The AT9054414/8515 provides the following features: 4K/8K bytes of In-System Programmable Flash, 256/512 bytes
EEPROM, 256/512 bytes SRAM, 32 general purpose /O lines, 32 general purpose working registers, flexible
timer/counters with compare modes, internal and external interrupts, a programmable serial UART, programmable Watch-
dog 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 contents 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 programma-
ble Flash allows the program memory to be reprogrammed in-system through an SPI serial intetface or by a conventional
nonvolatile memory programmer. By combining an enhanced RISC 8-bit CPU with In-System Programmable Flash on a
monolithic chip, the Atmel AT9054414/8515 is a powetful microcontroller that provides a highly flexible and cost effective
solution to many embedded control applications.

The AT9054414/8515 AVR is suppotted with a full suite of program and system development tools including: C compilers,
macro assemblers, program debuggetr/simulators, in-circuit emulators, and evaluation kits.

Comparison Between AT90S4414 and AT90S8515

The AT90S4414 has 4K bytes of In-System Programmable Flash, 256 bytes of EEPROM and 256 bytes of internal SRAM.
The AT90S8515 has 8K bytes of In-System Programmable Flash, 512 bytes of EEPROM and 512 bytes of internal SRAM.
Table 1 summarizes the different memory sizes for the two devices.

Table 1. Memory Size Summary

Part Flash EEPROM SRAM
AT90S4414 4K bytes 256 bytes 256 bytes
AT90S8515 8K bytes 512 bytes 512 bytes

Pin Descriptions

VCC
Supply voltage

GND
Ground

Port A (PA7..PAO)

Port A is an 8-bit bidirectional 1/0 port. Port ping can provide internal pull-up resistors (selected for each bit). The Port A
output buffers can sink 20mA and can drive LED displays directly. When pins PAO 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.
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Data Indirect with Post-increment

Figure 16. Data Indirect Addressing with Post-increment

Data Space

$0000
15 0

El X, Y OR Z - REGISTER

$FFFF

The X, Y or the Z-register is incremented after the operation. Operand address is the content of the X, Y or the Z-register
prior to incrementing.

Constant Addressing Using the LPM Instruction

Figure 17. Code Memory Constant Addressing

PROGRAM MEMORY

$000

| Z-REGISTER |

$7FF/$FFF

Constant byte address is specified by the Z-register contents. The 15 MSBs select word address (0 - 2K/4K), the LSB
selects low byte if cleared (LSB = 0) or high byte if set (LSB = 1).
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/0 Memory

The I/0O space definition of the AT90S4414/8515 is shown in the following table:

Table 2. AT90S4414/8515 1/0 Space

Address Hex Name Function
$3F ($5F) SREG Status Register
$3E ($5E) SPH Stack Pointer High
$3D ($5D) SPL Stack Pointer Low
$3B ($5B) GIMSK General Interrupt Mask register
$3A ($5A) GIFR General Interrupt Flag Register
$39 ($59) TIMSK Timer/Counter Interrupt Mask register
$38 ($58) TIFR Timer/Counter Interrupt Flag register
$35 ($55) MCUCR MCU general Control Register
$33 ($53) TCCRO Timer/Counter0 Control Register
$32 ($52) TCNTO Timer/Counter0 (8-bit)
$2F ($4F) TCCR1A Timer/Counter1 Control Register A
$2E ($4E) TCCR1B Timer/Counter1 Control Register B
$2D ($4D) TCNT1H Timer/Counter1 High Byte
$2C ($4C) TCNTI1L Timer/Counter1 Low Byte
$2B ($4B) OCR1AH Timer/Counter1 Output Compare Register A High Byte
$2A ($4A) OCR1AL Timer/Counter1 Output Compare Register A Low Byte
$29 ($49) OCR1BH Timer/Counter1 Output Compare Register B High Byte
$28 ($48) OCR1BL Timer/Counter1 Output Compare Register B Low Byte
$25 ($45) ICR1H T/C 1 Input Capture Register High Byte
$24 ($44) ICR1L T/C 1 Input Capture Register Low Byte
$21 ($41) WDTCR Watchdog Timer Control Register
$1F ($3E) EEARH EEPROM Address Register High Byte (AT90S8515)
$1E ($3E) EEARL EEPROM Address Register Low Byte
$1D ($3D) EEDR EEPROM Data Register
$1C ($30C) EECR EEPROM Control Register
$1B ($3B) PORTA Data Register, Port A
$1A ($3A) DDRA Data Direction Register, Port A
$19 ($39) PINA Input Pins, Port A
$18 ($38) PORTB Data Register, Port B
$17 ($37) DDRB Data Direction Register, Port B
$16 ($36) PINB Input Pins, Port B
$15 ($35) PORTC Data Register, Port C
$14 ($34) DDRC Data Direction Register, Port C
$13 ($33) PINC Input Pins, Port C

AIMEL
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External Reset

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 - Vggr 0N its positive edge, the delay timer starts the MCU after the Time-out period t;or has
expired.

Figure 26. External Reset During Operation
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Watchdog Reset

When the Watchdog times out, it will generate a short reset pulse of 1 XTAL cycle duration. On the falling edge of this
pulse, the delay timer starts counting the Time-out period t;q - Refer to page 38 for details on operation of the Watchdog.

Figure 27. Watchdog Reset During Operation
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* Bit 6 - INTFO: External Interrupt Flag0

When an event on the INTO pin triggers an interrupt request, INTFO becomes set (one). If the I-bit in SREG and the INTO bit
in GIMSK are set (one), the MCU will jump to the interrupt vector at address $001. The flag is cleared when the interrupt
routine is executed. Alternatively, the flag can be cleared by writing a logical one to it.

* Bits 5..0 - Res: Reserved bits

These bits are reserved bits in the AT90S4414/8515 and always read as zero.

Timer/counter Interrupt Mask Register - TIMSK

Bit 7 6 5 4 3 2 1 0

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

Initial value 0 0 0 0 0 0 0

* 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.

* Bit6 - 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.

* Bit5 - 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 AT90S4414/8515 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 AT90S4414/8515 and always reads zero.

* Bit1 - 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 AT90S4414/8515 and always reads zero.

Timer/Counter Interrupt Flag Register - TIFR

Bit 7 6 5 4 3 2 1 0
$38 ($58) | Tovi | ocFiA | ocFB | - 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

* Bit7 - TOV1: Timer/Counteri Overflow Flag

The TOV1 is set (one) when an overflow occurs in Timer/Counter1. TOV1 is cleared by hardware when executing the cor-
responding interrupt handling vector. Alternatively, TOV1 is cleared by writing a logic one to the flag. When the I-bit in
SREG, and TOIE1 (Timet/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.
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MCU Control Register - MCUCR
The MCU Control Register contains control bits for general MCU functions.

Bit 7 6 5 4 3 2 1 0
$35 ($55) I sRE | sRw | SE | sm | I1sc11 | iscto | Isco1 Iscoo | McUCR
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

* 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 “The SRAM Data Memory - Internal and External” for 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: Exter-
nal Data SRAM Memory Cycles without Wait State and Figure 44: External Data SRAM Memory Cycles with Wait State.

* Bit5 - 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 programmers 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 paragraph “Sleep Modes”
below.

* Bit3,2-1SC11, 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 is set. The level and edges on the external INT1 pin that activate the interrupt are defined in the following table:

Table 6. 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.

Note:  When changing the ISC11/ISC10 bits, INT1 must be disabled by clearing its Interrupt Enable bit in the GIMSK Register.
Otherwise an interrupt can occur when the bits are changed.

* Bit1, 0-1SCO01, ISCO00: Interrupt Sense Control 0 bit 1 and bit 0

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

AIMEL 27
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Timer/Counter Prescaler
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 as CK, external source and stop, can be selected as clock sources.

8-bit Timer/Counter0
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 desctibed 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 Timet/Counter0 Control Register - TCCRO.
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 sighal 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 petiod. 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 opportuni-
ties. Similarly, the high prescaling opportunities make the Timer/Counter0 useful for lower speed functions or exact timing
functions with infrequent actions.
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The Stop condition provides a Timer Enable/Disable function. The CK down divided modes are scaled directly from the CK
oscillator clock. If the external pin modes are used for Timer/Counter0, transitions on PB0/(T0) will clock the counter even if
the pin is configured as an output. This feature can give the user SW control of the counting.

Timer Counter 0 - TCNTO

Bit 7 6 5 4 3 2 1 0
$32 ($52) | wmsB | LsB | TCNTO
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

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

16-bit Timer/Counter1
Figure 30 shows the block diagram for Timer/Counter1.

Figure 30. Timer/Counter1 Block Diagram
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Timer/Counter1 Input Capture Register - ICR1H AND ICR1L

Bit 15 14 13 12 11 10 9 8
$25 ($45) MSB ICR1H
$24 ($44) LSB ICR1L
7 6 5 4 3 2 1 0
Read/Write R R R R R R R R
R R R R R R R R
Initial value 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

The input capture register is a 16-bit read-only register.

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

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

The TEMP register is also used when accessing TCNT1, OCR1A and OCR1B. If the main program and also 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).

Timer/Counter1 In PWM Mode

When the PWM mode is selected, Timer/Counter1 and the Output Compare Register1A - OCR1A and the Output Compare
Register1B - OCR1B, form a dual 8, 9 or 10-bit, free-running, glitch-free and phase correct PWM with outputs on the
PD5(OC1A) and OC1B pins. Timer/Counter1 acts as an up/down counter, counting up from $0000 to TOP (see Table 12),
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 settings of
the COM1A1/COM1A0 or COM1B1/COM1BO bits in the Timer/Counter1 Control Register TCCR1A. Refer to Table 13 for
details.

Table 12. Timer TOP Values and PWM Frequency

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

Table 13. 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

36 AT90S4414/8515 meee———sse———
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Note that in the PWM mode, the 10 least significant OCR1A/OCR1B bits, when written, are transferred to a temporary loca-
tion. 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.

Figure 32. Effects on Unsynchronized OCR1 Latching
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Note: X=AorB

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
accotrding to the settings of COM1A1/COM1A0 or COM1B1/COM1B0. This is shown in Table .

Table 14. 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 does also apply to the Timer Output Compare1 flags and interrupts.
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+ Bit 0 - EERE: EEPROM Read Enable

The EEPROM Read Enable Signal EERE is the read strobe to the EEPROM. When the correct address is set up in the
EEAR register, the EERE bit must be set. When the EERE bit is cleared (zero) by hardware, requested data is found in the
EEDR register. The EEPROM read access takes one instruction and there is no need to poll the EERE bit. When EERE
has been set, the CPU is halted for two cycles before the next instruction is executed.

The user should poll the EEWE bit before starting the read operation. If a write operation is in progress when new data or
address is written to the EEPROM 1/O registers, the write operation will be interrupted, and the result is undefined.

Prevent EEPROM Corruption

During periods of low Vs the EEPROM data can be corrupted because the supply voltage is too low for the CPU and the
EEPROM to operate properly. These issues are the same as for board level systems using the EEPROM, and the same
design solutions should be applied.

An EEPROM data corruption can be caused by two situations when the voltage is too low. First, a regular write sequence
to the EEPROM requires a minimum voltage to operate correctly. Secondly, the CPU itself can execute instructions incor-
rectly, if the supply voltage for executing instructions is too low.

EEPROM data corruption can easily be avoided by following these design recommendations (one is sufficient):

1. Keep the AVR RESET active (low) during petiods of insufficient power supply voltage. This is best done by an exter-
nal low V Reset Protection circuit, often referred to as a Brown-Out Detector (BOD). Please refer to application
note AVR 180 for design considerations regarding power-on reset and low voltage detection.

2. Keep the AVR core in Power Down Sleep Mode during periods of low V. This will prevent the CPU from attempting
to decode and execute instructions, effectively protecting the EEPROM registers from unintentional writes.

3. Store constants in Flash memory if the ability to change memory contents from software is hot required. Flagh
memoty can not be updated by the CPU, and will hot be subject to corruption.

Serial Peripheral Interface - SPI

The Serial Peripheral Interface(SPI) allows high-speed synchronous data transfer between the AT90S4414/8515 and
perlpheral devices or between several AVR devices. The AT9054414/8515 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

+ Wakeup from Idle Mode (Slave Mode Only)
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PortB as General Digital I/0
All 8 pins in port B have equal functionality when used as digital I/0 pins.

PBn, General I/0 pin: The DDBn bit in the DDRB register selects the direction of this pin, if DDBn is set (one), PBn is con-
figured as an output pin. If DDBn is cleared (zero), PBn is configured as an input pin. If PORTBN is set (one) when the pin
configured as an input pin, the MOS pull up resistor is activated. To switch the pull up resistor off, the PORTBn has to be
cleared (zero) or the pin has to be configured as an output pin. The Port B pins are tri-stated when a reset condition
becomes active, even if the clock is not active.

Table 22. DDBn Effects on Port B Pins

DDBn PORTBnN /0 Pull up Comment
0 0 Input No Tri-state (Hi-Z)
0 1 Input Yes PBn will source current if ext. pulled low.
1 0 Output No Push-pull Zero Output
1 1 Output No Push-pull One Qutput

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

Alternate Functions of PortB

The alternate pin configuration is as follows:

* SCK-PortB,Bit7

SCK: Master clock output, slave clock input pin for SPI channel. When the SPI is enabled as a slave, this pin is configured
as an input regardless of the setting of DDB7. When the SPI is enabled as a master, the data direction of this pin is con-
trolled by DDB7. When the pin is forced to be an input, the pull-up can still be controlled by the PORTB7 bit. See the
description of the SPI port for further details.

* MISO - Port B, Bit 6

MISO: Master data input, slave data output pin for SPI channel. When the SPI is enabled as a mastet, this pin is configured
as an input regardless of the setting of DDB6. When the SPI is enabled as a slave, the data direction of this pin is controlled
by DDB6. When the pin is forced to be an input, the pull-up can still be controlled by the PORTB6 bit. See the description of
the SPI potrt for further details.

* MOSI - Port B, Bit 5

MOSI: SPI Master data output, slave data input for SPI channel. When the SPI is enabled as a slave, this pin is configured
as an input regardless of the setting of DDB5. When the SPI is enabled as a master, the data direction of this pin is con-
trolled by DDB5. When the pin is forced to be an input, the pull-up can still be controlled by the PORTBS5 bit. See the
description of the SPI port for further details.

* SS- Port B, Bit 4

SS: Slave port select input. When the SPI is enabled as a slave, this pin is configured as an input regardless of the setting
of DDB4. As a slave, the SPI is activated when this pin is driven low. When the SPI is enabled as a master, the data direc-
tion of this pin is controlled by DDB4. When the pin is forced to be an input, the pull-up can still be controlled by the
PORTB4 bit. See the description of the SPI pott for further details.

* AIN1 - Port B, Bit 3

AIN1, Analog Comparator Negative Input. When configured as an input (DDB3 is cleared (zero)) and with the internal MOS
pull up resistor switched off (PB3 is cleared (zero)), this pin also serves as the negative input of the on-chip analog
comparator.

* AINO - Port B, Bit 2

AINO, Analog Comparator Positive Input. When configured as an input (DDB2 is cleared (zero)) and with the internal MOS
pull up resistor switched off (PB2 is cleared (zero)), this pin also serves as the positive input of the on-chip analog
comparator.

* T1-Port B, Bit 1

T1, Timer/Counter1 counter source. See the timer description for further details

* TO - Port B, Bit0

TO: Timer/Counter0 counter source. See the timer description for further details.
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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 PCO - PC7)
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Port D
Port D is an 8 bit bi-directional I/O port with internal pull-up resistors.

Three I/0 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 the following table:

Table 24. Port D Pins Alternate Functions

Port Pin Alternate Function
PDO RXD (UART Input line)
PD1 TXD (UART Output line)
PD2 INTO (External interrupt O 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)

When the pins are used for the alternate function the DDRD and PORTD register has to be set according to the alternate

function description.

AIMEL
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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.
* INTO - Port D, Bit 2

INTO, 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 regard-
less of the value of DDRDO. When the UART forces this pin to be an input, a logical one in PORTDO will turn on the internal
pull-up.

PortD 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 PDO)
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Memory Programming

Program and Data Memory Lock Bits

The AT90S4414/8515 MCU provides two Lock bits which can be left unprogrammed (‘1°) or can be programmed (‘0’) to
obtain the additional features listed in Table 26. The Lock Bits can only be erased with the Chip Erase command.

Table 26. Lock Bit Protection Modes

Memory Lock Bits Protection Type
Mode LB1 LB2

1 1 1 No memory lock features enabled.

2 0 1 Further programming of the Flash and EEPROM is disabled."

3 0 0 Same as mode 2, and verify is also disabled.
Note: 1. In Parallel mode, further programming of the Fuse bits are also disabled. Program the Fuse bits before programming the

Lock bits.

Fuse Bits

The AT90S4414/8515 has two Fuse bits, SPIEN and FSTRT.

+ When the SPIEN Fuse is programmed (‘0’), Serial Program and Data Downloading is enabled. Default value is
programmed (“0”).

+ When the FSTRT Fuse is programmed (‘0’), the short start-up time is selected. Default value is unprogrammed (“17).
Parts with this bit pre-programmed (‘0’) can be delivered on demand.

The Fuse bits are not accessible in Serial Programming Mode. The status of the Fuse bits is not affected by Chip Erase.

Signature Bytes

All Atmel microcontrollers have a three-byte signature code which identifies the device. This code can be read in both serial
and parallel mode. The three bytes reside in a separate address space.

For the AT90S8515(" they are:

1. $000: $1E (indicates manufactured by Atmel)

2. $001: $93 (indicates 8KB Flash memory)

3. $002: $01 (indicates AT90S8515 device when signature byte $001 is $93)
For the AT90S4414(" they are:

1. $000: $1E (indicates manufactured by Atmel)

2. $001: $92 (indicates 4KB Flash memory)

3. $002: $01 (indicates AT90S4414 device when signature byte $001 is $92)

Note: 1. When both Lock bits are programmed (Lock mode 3), the signature bytes can not be read in serial mode. Reading the signa-
ture bytes will return: $00, $01 and $02.

Programming the Flash and EEPROM

Atmel's AT90S4414/8515 offers 4K/8K bytes of In-System Reprogrammable Flash Program memory and 256/512 bytes of
EEPROM Data memory.

The AT90S4414/8515 is shipped with the on-chip Flash Program and EEPROM Data memoty arrays in the erased state
(i.e. contents = $FF) and ready to be programmed. This device supports a High-voltage (12V) Parallel programming mode
and a Low-voltage Serial programming mode. The +12V is used for programming enable only, and no current of signifi-
cance is drawn by this pin. The serial programming mode provides a convenient way to download program and data into
the AT90S4414/8515 inside the user’s system.
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Parallel Programming Characteristics

Figure 63. Parallel Programming Timing
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Table 31. Parallel Programming Characteristics T, = 25°C + 10%, Vi =5V + 10%
Symbol Parameter Min Typ Max Units
Vpp Programming Enable Voltage 11.5 12.5 \
Ipp Programming Enable Current 250 HA
tovxH Data and Control Setup before XTAL1 High 67 ns
tyHxL XTAL1 Pulse Width High 67 ns
tw DX Data and Control Hold after XTAL1 Low 67 ns
tywL XTAL1 Low to WR Low 67 ns
tBvwL BS Valid to WR Low 67 ns
tRHBX BS Hold after RDY/BSY High 67 ns
twiwH WR Pulse Width Low!" 67 ns
tWHRL WR High to RDY/BSY Low'® 20 ns
twLRH WR Low to RDY/BSY High® 0.5 0.7 0.9 ms
oL XTAL1 Low to OE Low 67 ns
toLov OE Low to DATA Valid 20 ns
tonDz OE High to DATA Tri-stated 20 ns
twiwH_cE WR Pulse Width Low for Chip Erase 5 10 15 ms
WR Pulse Width Low for Programming the Fuse
twiwH_PFB Bits 1.0 1.5 1.8 ms

Notes: 1. Use ty,why ¢ for Chip Erase and tyy, wy prg for Programming the Fuse Bits.
2. If tywn is held longer than ty, gy, No RDY/BSY pulse will be seen.
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External Clock Drive Waveforms

Figure 67. External Clock
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Table 37. External Clock Drive
Vee = 2.7V 1o 4.0V Vee = 4.0V to 6.0V
Symbol | Parameter Min Max Min Max Units
Mol Oscillator Frequency 0 4 0 8 MHz
toloL Clock Period 250 125 ns
teHex High Time 100 50 ns
toLex Low Time 100 50 ns
toLeH Rise Time 1.6 0.5 Hs
tcHeL Fall Time 1.6 0.5 Hs

Note:  See “External Data Memory Timing” on page 84. for a description of how the duty cycle influences the timing for the External
Data Memory

Figure 68. External RAM Timing
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Note: Clock cycle T3 is only present when external SRAM waitstate is enabled

T3 is only present when wait-state is enabled.
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Figure 78. Analog Comparator Input Leakage Current
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Figure 79. Watchdog Oscillator Frequency vs. V¢
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Instruction Set Summary (Continued)

Mnemonics | Operands | Description Operation Flags #Clocks

DATA TRANSFER INSTRUCTIONS

MOV Rd, Rr Move Between Registers Rd < Rr None 1
LDI Rd, K Load Immediate Rd < K None 1
LD Rd, X Load Indirect Rd « (X) None 2
LD Rd, X+ Load Indirect and Post-Inc. Rd « (X), X« X +1 None 2
LD Rd, - X Load Indirect and Pre-Dec. X X-1,Rd « (X) None 2
LD Rd, Y Load Indirect Rd <« (Y) None 2
LD Rd, Y+ Load Indirect and Post-Inc. Rd—(Y),Y«<Y+1 None 2
LD Rd,-Y Load Indirect and Pre-Dec. Y« Y-1,Rd«(Y) None 2
LDD Rd,Y+q Load Indirect with Displacement Rd«< (Y+q) None 2
LD Rd, Z Load Indirect Rd « (7) None 2
LD Rd, Z+ Load Indirect and Post-Inc. Rd « (&), Z « Z+1 None 2
LD Rd, -Z Load Indirect and Pre-Dec. Z«—Z-1,Rd« (Z) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd«< (Z+q) None 2
LDS Rd, k Load Direct from SRAM Rd « (k) None 2
ST X, Rr Store Indirect (X) < Rr None 2
ST X+, Rr Store Indirect and Post-Inc. (X))« R, X« X+1 None 2
ST - X, Rr Store Indirect and Pre-Dec. X X-1,(X) <« Rr None 2
ST Y, Rr Store Indirect (Y) < Rr None 2
ST Y+, Rr Store Indirect and Post-Inc. (Y)<Rrn,Y«<Y+1 None 2
ST -Y,Rr Store Indirect and Pre-Dec. Y<Y-1,(Y)«<Rr None 2
STD Y+q,Rr Store Indirect with Displacement (Y+q < Rr None 2
ST Z, Rr Store Indirect (Z) < Rr None 2
ST Z+, Rr Store Indirect and Post-Inc. ()< Rr,Z«Z+1 None 2
ST -Z, Rr Store Indirect and Pre-Dec. Z«—Z-1,(Z) < Rr None 2
STD Z+q,Rr Store Indirect with Displacement (Z+qg) < Rr None 2
STS k, Rr Store Direct to SRAM (k) « Rr None 2
LPM Load Program Memory RO <« (7) None 3
IN Rd, P In Port Rd < P None 1
OouUT P, Rr Out Port P < Rr None 1
PUSH Rr Push Register on Stack STACK « Rr None 2
POP Rd Pop Register from Stack Rd « STACK None 2
BIT AND BIT-TEST INSTRUCTIONS

SBI P,b Set Bit in /O Register /O(P,b) « None 2
CBI P,b Clear Bit in I/O Register /O(P,b) « None 2
LSL Rd Logical Shift Left Rd(n+1) « Rd( ), RA(0) « 0 ZCNYV 1
LSR Rd Logical Shift Right Rd(n) « Rd(n+1), Rd(7) « ZCNYV 1
ROL Rd Rotate Left Through Carry Rd(0)«C,Rd(n+1)< Rd(n), C<—Rd(7) Z,CN,V 1
ROR Rd Rotate Right Through Carry Rd(7)«C,Rd(n)«< Rd(n+1),C<Rd(0) Z,CN,V 1
ASR Rd Arithmetic Shift Right Rd(n) « Rd(n+1), n=0..6 ZCNYV 1
SWAP Rd Swap Nibbles Rd(3..0)«—Rd(7..4),Rd(7..4)<Rd(3..0) None 1
BSET s Flag Set SREG(s) « 1 SREG(s) 1
BCLR S Flag Clear SREG(s) « 0 SREG(s) 1
BST Rr,b Bit Store from Register to T T < Rr(b) T 1
BLD Rd, b Bit load from T to Register Rd(b) « T None 1
SEC Set Carry C1 C 1
CLC Clear Carry C«0 C 1
SEN Set Negative Flag N1 N 1
CLN Clear Negative Flag N«<0 N 1
SEZ Set Zero Flag Z1 Z 1
CLZ Clear Zero Flag Z<0 Z 1
SEI Global Interrupt Enable 11 | 1
CLI Global Interrupt Disable 1<0 | 1
SES Set Signed Test Flag S« 1 S 1
CLS Clear Signed Test Flag S« 0 S 1
SEV Set Twos Complement Overflow. Ve \i 1
CLV Clear Twos Complement Overflow V<o \i 1
SET Set T in SREG T1 T 1
CLT Clear T in SREG T<0 T 1
SEH Set Half Carry Flag in SREG H< 1 H 1
CLH Clear Half Carry Flag in SREG H<o0 H 1
NOP No Operation None 1
SLEEP Sleep (see specific descr. for Sleep function) None 3
WDR Waichdog Reset (see specific descr. for WDR/Aimer) None 1
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