
Microchip Technology - ATMEGA161L-4PC Datasheet

Welcome to E-XFL.COM

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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Block Diagram Figure 1.  The ATmega161 Block Diagram
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ATmega161(L)
In the different Addressing modes, these address registers have functions as fixed dis-
placement, automatic increment and decrement (see the descriptions for the different
instructions).

ALU – Arithmetic Logic 
Unit

The high-performance AVR ALU operates in direct connection with all the 32 general
purpose working registers. Within a single clock cycle, ALU operations between regis-
ters in the Register File are executed. The ALU operations are divided into three main
categories – arithmetic, logical and bit functions. ATmega161 also provides a powerful
multiplier supporting both signed/unsigned multiplication and fractional format. See the
Instruction Set section for a detailed description.

Self-programmable Flash 
Program Memory

The ATmega161 contains 16K bytes of On-chip Self-programmable and In-System Pro-
grammable Flash memory for program storage. Since all instructions are 16- or 32-bit
words, the Flash is organized as 8K x 16. The Flash memory has an endurance of at
least 1,000 write/erase cycles. The ATmega161 Program Counter (PC) is 13 bits wide,
thus addressing the 8,192 Program memory locations.

See page 110 for a detailed description of Flash data downloading.

See page 13 for the different Program Memory Addressing modes.

EEPROM Data Memory The ATmega161 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 per location. The interface between the
EEPROM and the CPU is described on page 60, specifying the EEPROM Address Reg-
isters, the EEPROM Data Register and the EEPROM Control Register.

For the SPI data downloading, see page 125 for a detailed description.
11
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ATmega161(L)
The five different Addressing modes for the Data memory cover: Direct, Indirect with
Displacement, Indirect, Indirect with Pre-decrement and Indirect with Post-increment. In
the Register File, registers R26 to R31 feature the indirect Addressing Pointer
Registers.

The direct addressing reaches the entire data space.

The Indirect with Displacement mode features a 63-address locations reach from the
base address given by the Y- or Z-register.

When using Register Indirect Addressing modes with automatic pre-decrement and
post-increment, the address registers X, Y, and Z are decremented and incremented.

The 32 general purpose working registers, 64 I/O Registers and the 1K byte of internal
data SRAM in the ATmega161 are all accessible through all these Addressing modes.

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

Program and Data 
Addressing Modes

The ATmega161 AVR RISC microcontroller supports powerful and efficient Addressing
modes for access to the Program memory (Flash) and Data memory (SRAM, Register
File and I/O memory). This section describes the different Addressing modes supported
by the AVR architecture. In the figures, OP means the operation code part of the instruc-
tion word. To simplify, not all figures show the exact location of the addressing bits.

Register Direct, Single 
Register Rd

Figure 9.  Direct Single Register Addressing

The operand is contained in register d (Rd).

Register Direct, Two Registers 
Rd and Rr

Figure 10.  Direct Register Addressing, Two Registers
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ATmega161(L)
l/O Memory The I/O space definition of the ATmega161 is shown in Table 1.

Table 1.  ATmega161 I/O Space(1) 

I/O Address 
(SRAM Address) 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

$37 ($57) SPMCR Store Program Memory Control Register

$36 ($56) EMCUCR Extended MCU general Control Register

$35 ($55) MCUCR MCU general Control Register

$34 ($54) MCUSR MCU general Status Register

$33 ($53) TCCR0 Timer/Counter0 Control Register

$32 ($52) TCNT0 Timer/Counter0 (8-bit)

$31 ($51) OCR0 Timer/Counter0 Output Compare Register

$30 ($50) SFIOR Special Function IO Register

$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) TCNT1L Timer/Counter1 Low Byte

$2B ($4B) OCR1AH Timer/Counter1 Output Compare RegisterA High Byte

$2A ($4A) OCR1AL Timer/Counter1 Output Compare RegisterA Low Byte

$29 ($49) OCR1BH Timer/Counter1 Output Compare RegisterB High Byte

$28 ($48) OCR1BL Timer/Counter1 Output Compare RegisterB Low Byte

$27 ($47) TCCR2 Timer/Counter2 Control Register

$26 ($46) ASSR Asynchronous mode StatuS Register

$25 ($45) ICR1H Timer/Counter1 Input Capture Register High Byte

$24 ($44) ICR1L Timer/Counter1 Input Capture Register Low Byte

$23 ($43) TCNT2 Timer/Counter2 (8-bit)

$22 ($42) OCR2 Timer/Counter2 Output Compare Register

$21 ($41) WDTCR Watchdog Timer Control Register

$20 ($40) UBRRHI UART Baud Register HIgh

$1F ($3F) EEARH EEPROM Address Register High

$1E ($3E) EEARL EEPROM Address Register Low

$1D ($3D) EEDR EEPROM Data Register
19
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• Bit 0 – PSR10: Prescaler Reset Timer/Counter1 and Timer/Counter0

When this bit is set (one), the Timer/Counter1 and Timer/Counter0 prescaler will be
reset. The bit will be cleared by hardware after the operation is performed. Writing a
zero to this bit will have no effect. Note that Timer/Counter1 and Timer/Counter0 share
the same prescaler and a reset of this prescaler will affect both timers. This bit will
always be read as zero.

8-bit Timer/Counters 
T/C0 and T/C2

Figure 31 shows the block diagram for Timer/Counter0. Figure 32 shows the block dia-
gram for Timer/Counter2.

Figure 31.  Timer/Counter0 Block Diagram
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ATmega161(L)
In up/down PWM mode, the Timer Overflow Flag (TOV0 or TOV2) is set when the
counter advances from $00. In overflow PWM mode, the Timer Overflow Flag is set as
in normal Timer/Counter mode. Timer Overflow Interrupt0 and 2 operate exactly as in
normal Timer/Counter mode, i.e., they are executed when TOV0 or TOV2 are set, pro-
vided that Timer Overflow Interrupt and global interrupts are enabled. This also applies
to the Timer Output Compare flag and interrupt.

Asynchronous Status 
Register – ASSR

• Bits 7..4 – Res: Reserved Bits

These bits are reserved bits in the ATmega161 and always read as zero.

• Bit 3 – AS2: Asynchronous Timer/Counter2 Mode

When this bit is cleared (zero), Timer/Counter2 is clocked from the internal system
clock, CK. If AS2 is set, the Timer/Counter2 is clocked from the TOSC1 pin. Pins PD4
and PD5 become connected to a crystal Oscillator and cannot be used as general I/O
pins. When the value of this bit is changed, the contents of TCNT2, OCR2 and TCCR2
might get corrupted.

• Bit 2 – TCN2UB: Timer/Counter2 Update Busy

When Timer/Counter2 operates asynchronously and TCNT2 is written, this bit becomes
set (one). When TCNT2 has been updated from the temporary storage register, this bit
is cleared (zero) by hardware. A logical “0” in this bit indicates that TCNT2 is ready to be
updated with a new value.

• Bit 1 – OCR2UB: Output Compare Register2 Update Busy

When Timer/Counter2 operates asynchronously and OCR2 is written, this bit becomes
set (one). When OCR2 has been updated from the temporary storage register, this bit is
cleared (zero) by hardware. A logical “0” in this bit indicates that OCR2 is ready to be
updated with a new value.

• Bit 0 – TCR2UB: Timer/Counter Control Register2 Update Busy

When Timer/Counter2 operates asynchronously and TCCR2 is written, this bit becomes
set (one). When TCCR2 has been updated from the temporary storage register, this bit
is cleared (zero) by hardware. A logical “0” in this bit indicates that TCCR2 is ready to be
updated with a new value.

If a write is performed to any of the three Timer/Counter2 Registers while its update
Busy Flag is set (one), the updated value might get corrupted and cause an uninten-
tional interrupt to occur.

The mechanisms for reading TCNT2, OCR2 and TCCR2 are different. When reading
TCNT2, the actual timer value is read. When reading OCR2 or TCCR2, the value in the
temporary storage register is read.

Bit 7 6 5 4 3 2 1 0

$26 ($46) – – – – AS2 TCN2UB OCR2UB TCR2UB ASSR

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

Initial Value 0 0 0 0 0 0 0 0
47
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ATmega161(L)
• Description of wake-up from Power-save mode when the timer is clocked 
asynchronously: When the interrupt condition is met, the wake-up process is started 
on the following cycle of the timer clock, that is, the timer is always advanced by at 
least 1 before the processor can read the counter value. The Interrupt Flags are 
updated three processor cycles after the processor clock has started. During these 
cycles, the processor executes instructions, but the interrupt condition is not 
readable and the interrupt routine has not started yet.

• During asynchronous operation, the synchronization of the Interrupt Flags for the 
asynchronous timer takes three processor cycles plus one timer cycle. The timer is 
therefore advanced by at least 1 before the processor can read the timer value, 
causing the setting of the Interrupt Flag. The output compare pin is changed on the 
timer clock and is not synchronized to the processor clock.

Timer/Counter1 Figure 35 shows the block diagram for Timer/Counter1.

Figure 35.  Timer/Counter1 Block Diagram

The 16-bit Timer/Counter1 can select clock source from CK, prescaled CK or an exter-
nal pin. In addition, it can be stopped as described in “Timer/Counter1 Control Register
B – TCCR1B”. The different Status Flags (Overflow, Compare Match, and Capture
Event) are found in the Timer/Counter Interrupt Flag Register (TIFR). Control signals
are found in the Timer/Counter1 Control Registers (TCCR1A and TCCR1B). The inter-
rupt enable/disable settings for Timer/Counter1 are found in the Timer/Counter Interrupt
Mask Register (TIMSK).

When Timer/Counter1 is externally clocked, the external signal is synchronized with the
Oscillator frequency of the CPU. To assure proper sampling of the external clock, the
minimum time between two external clock transitions must be at least one internal CPU
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clock period. The external clock signal is sampled on the rising edge of the internal CPU
clock.

The 16-bit Timer/Counter1 features both a high-resolution and a high-accuracy usage
with the lower prescaling opportunities. Similarly, the high-prescaling opportunities
make the Timer/Counter1 useful for lower speed functions or exact timing functions with
infrequent actions.

The Timer/Counter1 supports two Output Compare functions using the Output Compare
Register 1 A and B (OCR1A and OCR1B) as the data sources to be compared to the
Timer/Counter1 contents. The Output Compare functions include optional clearing of
the counter on compareA match and actions on the Output Compare pins on both com-
pare matches.

Timer/Counter1 can also be used as an 8-, 9-, or 10-bit Pulse Width Modulator. In this
mode the counter and the OCR1A/OCR1B Registers serve as a dual glitch-free stand-
alone PWM with centered pulses. Alternatively, the Timer/Counter1 can be configured
to operate at twice the speed in PWM mode, but without centered pulses. Refer to page
55 for a detailed description of this function.

The Input Capture function of Timer/Counter1 provides a capture of the Timer/Counter1
contents to the Input Capture Register (ICR1), triggered by an external event on the
Input Capture Pin (ICP). The actual capture event settings are defined by the
Timer/Counter1 Control Register (TCCR1B). In addition, the Analog Comparator can be
set to trigger the Input Capture. Refer to the section, “The Analog Comparator”, for
details on this. The ICP pin logic is shown in Figure 36.

Figure 36.  ICP Pin Schematic Diagram

If the noise canceler function is enabled, the actual trigger condition for the Capture
Event is monitored over four samples, and all four must be equal to activate the Capture
Flag.

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 pin 1). This is an alternative function to an I/O port, and the corresponding
direction control bit must be set (one) to control an output pin. The control configuration
is shown in Table 14.

Bit 7 6 5 4 3 2 1 0

$2F ($4F) COM1A1 COM1A0 COM1B1 COM1B0 FOC1A FOC1B PWM11 PWM10 TCCR1A

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
50 ATmega161(L) 
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ATmega161(L)
EEPROM Control Register – 
EECR

• Bits 7..4 – Res: Reserved Bits

These bits are reserved bits in the ATmega161 and will always read as zero.

• Bit 3 – EERIE: EEPROM Ready Interrupt Enable

When the I-bit in SREG and EERIE are set (one), the EEPROM Ready Interrupt is
enabled. When cleared (zero), the interrupt is disabled. The EEPROM Ready interrupt
generates a constant interrupt when EEWE is cleared (zero).

• Bit 2 – EEMWE: EEPROM Master Write Enable

The EEMWE bit determines whether setting EEWE to one causes the EEPROM to be
written. When EEMWE is set (one), setting EEWE will write data to the EEPROM at the
selected address. If EEMWE is zero, setting EEWE will have no effect. When EEMWE
has been set (one) by software, hardware clears the bit to zero after four clock cycles.
See the description of the EEWE bit for an EEPROM write procedure.

• Bit 1 – EEWE: EEPROM Write Enable

The EEPROM Write Enable Signal (EEWE) is the write strobe to the EEPROM. When
address and data are correctly set up, the EEWE bit must be set to write the value into
the EEPROM. The EEMWE bit must be set when the logical “1” is written to EEWE, oth-
erwise no EEPROM write takes place. The following procedure should be followed
when writing the EEPROM (the order of steps 2 and 3 is not essential):

1. Wait until EEWE becomes zero.

2. Write new EEPROM address to EEAR (optional).

3. Write new EEPROM data to EEDR (optional).

4. Write a logical “1” to the EEMWE bit in EECR (to be able to write a logical “1” to 
the EEMWE bit, the EEWE bit must be written to zero in the same cycle).

5. Within four clock cycles after setting EEMWE, write a logical “1” to EEWE.

Caution: An interrupt between step 4 and step 5 will make the write cycle fail, since the
EEPROM Master Write Enable will time-out. If an interrupt routine accessing the
EEPROM is interrupting another EEPROM access, the EEAR or EEDR Register will be
modified, causing the interrupted EEPROM access to fail. It is recommended to have
the Global Interrupt Flag cleared during the four last steps to avoid these problems.

When the write access time has elapsed, the EEWE bit is cleared (zero) by hardware.
The user software can poll this bit and wait for a zero before writing the next byte. When
EEWE has been set, the CPU is halted for two cycles before the next instruction is
executed.

• 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 7 6 5 4 3 2 1 0

$1C ($3C) – – – – EERIE EEMWE EEWE EERE EECR

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

Initial Value 0 0 0 0 0 0 X 0
61
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bit. When EERE has been set, the CPU is halted for four cycles before the next instruc-
tion 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 I/O Registers, the
write operation will be interrupted and the result is undefined.

An RC Oscillator is used to time EEPROM write access. The table below lists the typical
programming time listed for EEPROM access from CPU.

Note: 1. See “Typical Characteristics” on page 138 to find RC Oscillator frequency.

Prevent EEPROM 
Corruption

During periods of low VCC, the EEPROM data can be corrupted because the supply volt-
age 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 incorrectly if the
supply voltage for executing instructions is too low.

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

1. Keep the AVR RESET active (low) during periods of insufficient power supply 
voltage. An external low VCC Reset Protection circuit can be applied.

2. Keep the AVR core in Power-down Sleep mode during periods of low VCC. This 
will prevent the CPU from attempting to decode and execute instructions, effec-
tively protecting the EEPROM Registers from unintentional writes.

3. Store constants in Flash memory if the ability to change memory contents from 
software is not required. Flash memory cannot be updated by the CPU unless 
the boot loader software supports writing to the Flash and the Boot Lock bits are 
configured so that writing to the Flash memory from the CPU is allowed. See 
“Boot Loader Support” on page 110 for details.

Table 21.  EEPROM Access Time from CPU“See “Typical Characteristics” on page 138
to find RC Oscillator frequency.” on page 62(1)

Symbol
No. of RC 

Oscillator Cycles
Min Programming 

Time
Max Programming 

Time

EEPROM write (from CPU) 2048 2.0 ms 3.4 ms
62 ATmega161(L) 
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Figure 43.  SPI Transfer Format with CPHA = 1 and DORD = 0

SPI Control Register – SPCR

• Bit 7 – SPIE: SPI Interrupt Enable

This bit causes the SPI interrupt to be executed if SPIF bit in the SPSR Register is set
and if the global interrupt enable bit in SREG is set.

• Bit 6 – SPE: SPI Enable

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

• Bit 5 – DORD: Data Order

When the DORD bit is set (one), the LSB of the data word is transmitted first.

When the DORD bit is cleared (zero), the MSB of the data word is transmitted first.

• Bit 4 – MSTR: Master/Slave Select

This bit selects Master SPI mode when set (one), and Slave SPI mode when cleared
(zero). If SS is configured as an input and is driven low while MSTR is set, MSTR will be
cleared and SPIF in SPSR will become set. The user will then have to set MSTR to re-
enable SPI Master mode.

• Bit 3 – CPOL: Clock Polarity

When this bit is set (one), SCK is high when idle. When CPOL is cleared (zero), SCK is
low when idle. Refer to Figure 42 and Figure 43 for additional information.

• Bit 2 – CPHA: Clock Phase

Refer to Figure 42 or Figure 43 for the functionality of this bit.

Bit 7 6 5 4 3 2 1 0

$0D ($2D) SPIE SPE DORD MSTR CPOL CPHA SPR1 SPR0 SPCR

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

Initial Value 0 0 0 0 0 0 0 0
66 ATmega161(L) 
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UART1 Control and Status 
Registers – UCSR1A

• Bit 7 – RXC0/RXC1: UART Receive Complete

This bit is set (one) when a received character is transferred from the Receiver Shift
Register to UDRn. The bit is set regardless of any detected framing errors. When the
RXCIEn bit in UCSRnB is set, the UART Receive Complete interrupt will be executed
when RXCn is set (one). RXCn is cleared by reading UDRn. When interrupt-driven data
reception is used, the UART Receive Complete Interrupt routine must read UDRn in
order to clear RXCn; otherwise, a new interrupt will occur once the interrupt routine
terminates.

• Bit 6 – TXC0/TXC1: UART Transmit Complete

This bit is set (one) when the entire character (including the stop bit) in the Transmit
Shift Register has been shifted out and no new data has been written to UDRn. This
Flag is especially useful in half-duplex communications interfaces, where a transmitting
application must enter Receive mode and free the communications bus immediately
after completing the transmission.

When the TXCIEn bit in UCSRnB is set, setting of TXCn causes the UART Transmit
Complete interrupt to be executed. TXCn is cleared by hardware when executing the
corresponding Interrupt Handling Vector. Alternatively, the TXCn bit is cleared (zero) by
writing a logical “1” to the bit.

• Bit 5 – UDRE0/UDRE1: UART Data Register Empty

This bit is set (one) when a character written to UDRn is transferred to the Transmit Shift
Register. Setting of this bit indicates that the Transmitter is ready to receive a new char-
acter for transmission.

When the UDRIEn bit in UCSRnB is set, the UART Transmit Complete interrupt will be
executed as long as UDREn is set and the global interrupt enable bit in SREG is set.
UDREn is cleared by writing UDRn. When interrupt-driven data transmittal is used, the
UART Data Register Empty Interrupt routine must write UDRn in order to clear UDREn,
otherwise a new interrupt will occur once the interrupt routine terminates.

UDREn is set (one) during reset to indicate that the Transmitter is ready.

• Bit 4 – FE0/FE1: Framing Error

This bit is set if a Framing Error condition is detected, i.e., when the stop bit of an incom-
ing character is zero.

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

• Bit 3 – OR0/OR1: OverRun

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

The ORn bit is cleared (zero) when data is received and transferred to UDRn.

Bit 7 6 5 4 3 2 1 0

$02 ($22) RXC1 TXC1 UDRE1 FE1 OR1 – U2X1 MPCM1 UCSR1A

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

Initial Value 0 0 1 0 0 0 0 0
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Port A pins are tri-stated when a reset condition becomes active, even if the clock is not
running.

Note: 1. 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 55.  Port A Schematic Diagrams (Pins PA0 - PA7)

Table 29.  DDAn Effects on Port A Pins(1)

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
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Figure 59.  Port B Schematic Diagram (Pin PB4)

Figure 60.  Port B Schematic Diagram (Pin PB5)

D
A

TA
 B

U
S

D

D

Q

Q

RESET

RESET

C

C

WD

WP

RD

MOS
PULL-
UP

PB4

SPI SS

MSTR
SPE

WP:
WD:
RL:
RP:
RD:
MSTR:
SPE:

WRITE PORTB
WRITE DDRB
READ PORTB LATCH
READ PORTB PIN
READ DDRB
SPI MASTER ENABLE
SPI ENABLE

DDB4

PORTB4

RL

RP

D
A

TA
 B

U
S

D

D

Q

Q

RESET

RESET

C

C

WD

WP

RD

MOS
PULL-
UP

PB5

R

R

WP:
WD:
RL:
RP:
RD:
SPE:
MSTR

WRITE PORTB
WRITE DDRB
READ PORTB LATCH
READ PORTB PIN
READ DDRB
SPI ENABLE
MASTER SELECT

DDB5

PORTB5

SPE
MSTR

SPI MASTER
OUT

SPI SLAVE
IN

RL

RP
96 ATmega161(L) 
1228D–AVR–02/07



Memory 
Programming

Boot Loader Support The ATmega161 provides a mechanism for downloading and uploading program code
by the MCU itself. This feature allows flexible application software updates, controlled
by the MCU using a Flash-resident Boot Loader program.

The ATmega161 Flash memory is organized in two main sections:

1. The Application Code section (address $0000 - $1DFF)

2. The Boot Loader section/Boot block (address $1E00 - $1FFF)

Figure 74.  Memory Sections

The Boot Loader program can use any available data interface and associated protocol,
such as UART serial bus interface, to input or output program code and write (program)
that code into the Flash memory or read the code from the Program memory.

The program Flash memory is divided into pages that each contain 128 bytes. The Boot
Loader Flash section occupies eight pages from $1E00 to $1FFF by 16-bit words.

The Store Program Memory (SPM) instruction can access the entire Flash, but it can
only be executed from the Boot Loader Flash section. If no Boot Loader capability is
needed, the entire Flash is available for application code. The ATmega161 has two sep-
arate sets of Boot Lock bits that can be set independently. This gives the user a unique
flexibility to select different levels of protection. The user can elect to:

$0000

$1FFF

Program Memory

Application Code section
(7.5K x 16)

$1E00
$1DFF

Boot Loader section
(512 x 16)
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Programming the Flash The Flash is organized as 128 pages of 128 bytes each. When programming the Flash,
the program data is latched into a page buffer. This allows one page of program data to
be programmed simultaneously. The following procedure describes how to program the
entire Flash memory:

A. Load Command “Write Flash”

1. Set XA1, XA0 to “10”. This enables command loading.

2. Set BS1 to “0”.

3. Set DATA to “0001 0000”. This is the command for Write Flash.

4. Give XTAL1 a positive pulse. This loads the command.

B. Load Address Low Byte

1. Set XA1, XA0 to “00”. This enables address loading.

2. Set BS1 to “0”. This selects low address.

3. Set DATA = Address Low byte ($00 - $FF).

4. Give XTAL1 a positive pulse. This loads the address Low byte.

C. Load Data Low Byte

1. Set BS1 to “0”. This selects low data byte.

2. Set XA1, XA0 to “01”. This enables data loading.

3. Set DATA = Data Low byte ($00 - $FF).

4. Give XTAL1 a positive pulse. This loads the data byte.

D. Latch Data Low Byte

Give PAGEL a positive pulse. This latches the data Low byte.
(See Figure 76 for signal waveforms.)

E. Load Data High Byte

1. Set BS1 to “1”. This selects high data byte.

2. Set XA1, XA0 to “01”. This enables data loading.

3. Set DATA = Data High byte ($00 - $FF).

4. Give XTAL1 a positive pulse. This loads the data byte.

F. Latch Data High Byte

Give PAGEL a positive pulse. This latches the data High byte.

G. Repeat “B” through “F” 64 times to fill the page buffer.

To address a page in the Flash, seven bits are needed (128 pages). The five most sig-
nificant bits are read from address High byte as described in section “H” below. The two
least significant page address bits, however, are the two most significant bits (bit7 and
bit6) of the latest loaded address Low byte as described in section “B”.

H. Load Address High byte

1. Set XA1, XA0 to “00”. This enables address loading.

2. Set BS1 to “1”. This selects high address.

3. Set DATA = Address High byte ($00 - $1F).

4. Give XTAL1 a positive pulse. This loads the address High byte.

I. Program Page
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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. H: Load Address High Byte ($00 - $01)

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

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

L: Write Data Low Byte

1. Set BS to “0”. This selects low data.

2. Give WR a negative pulse. This starts programming of the data byte. RDY/BSY 
goes low.

3. Wait until to RDY/BSY goes high before programming the next byte.
(See Figure 78 for signal waveforms.)

The loaded command and address are retained in the device during programming. For
efficient programming, the following should be considered:

• The command needs to be loaded only once when writing or reading multiple 
memory locations.

• Address High byte only needs to be loaded before programming a new 256-word 
page in the EEPROM.

• Skip writing the data value $FF, that is, the contents of the entire EEPROM after a 
Chip Erase.

These considerations also apply to Flash, EEPROM and Signature bytes reading.

Figure 78.  Programming the EEPROM Waveforms
$11 ADDR. HIGH ADDR. LOW DATA LOWDATA
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RESET
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ATmega161(L)
tWD_FLASH before programming the next page. As a chip-erased device contains $FF in
all locations, programming of addresses that are meant to contain $FF can be skipped.
See Table 46 for tWD_FLASH value.

Data Polling EEPROM When a new byte has been written and is being programmed into EEPROM, reading the
address location being programmed will give the value $FF. At the time the device is
ready for a new byte, the programmed value will read correctly. This is used to deter-
mine when the next byte can be written. This will not work for the value $FF, but the user
should keep the following in mind: As a chip-erased device contains $FF in all locations,
programming of addresses that are meant to contain $FF can be skipped. This does not
apply if the EEPROM is reprogrammed without chip-erasing the device. In this case,
data polling cannot be used for the value $FF, and the user will have to wait at least
tWD_EEPROM before programming the next byte. See Table 46 for tWD_EEPROM value.

Figure 80.  Serial Programming Waveforms

Table 46.  Minimum Wait Delay before Writing the Next Flash or EEPROM Location

Symbol Minimum Wait Delay

tWD_FLASH 14 ms

tWD_EEPROM 3.4 ms

Table 47.  Minimum Wait Delay after a Chip Erase Command

Symbol Minimum Wait Delay

tWD_ERASE 28 ms

MSB

MSB

LSB

LSB

SERIAL CLOCK INPUT
PB7(SCK)

SERIAL DATA INPUT
PB5 (MOSI)

PB6 (MISO)

SAMPLE

SERIAL DATA OUTPUT
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