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Features Microcontrollers

e Access macros for 16-bit Timer/Counter0 registers

e Access macros for 10-bit Timer/counterl registers
e All routines written in ANSI® C language

Application Note

1 Introduction

The ATtiny261/461/861 microcontroller family includes Timer/Counter modules that
can be used in 10- and 16-bit modes. Since the AVR® data bus is 8 bits wide,
special considerations must be made when accessing 10- and 16-bit registers.
Most AVR C compilers handle 16-bit (and 10-bit) register accesses transparently
when the two 8-bit registers that makes up the 16-bit value can be accessed at
consecutive addresses. In the ATtiny261/461/861 family, not all 10 and 16-bit
registers are not addressed at consecutive addresses, so compiler support is
limited to accessing the individual 8-bit registers. This application note explains
how 10- and 16-bit accesses should be handled when using the ATtiny261/461/861
family of microcontrollers. A complete set of C macros for accessing 10- and 16-bit
registers is also included with this application note.

Figure 1-1. 10-bit register access in Timer/Counterl
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2 Accessing 10- and 16-bit registers in ATtiny261/461/861

2.1 Timer/CounterQ

2.1.1 16-bit write operation

2.1.2 16-bit read operation

2.2 Timer/Counterl

2 AVRO073

The two modules that use 10- and 16-bit registers that need special consideration in
the ATtiny261/461/861.:

e Timer/Counter0 (16-bit)
e Timer/Counterl (10-bit)

The Timer/Counter0 (TCO) module can be used in both 8- and 16-bit modes. When
operated in 8-bit mode, no special considerations need to be made. When operated
in 16-bit mode, special considerations must be made when accessing TCNTOL/H and
OCROA/B.

TCO has a single 8-bit register for temporary storing of the high byte of the 16-bit
access. This register is used both for access to TCNTO in 16-bit mode and OCRO
when used in 16-bit input capture mode. Accessing the low byte (TCNTOL or OCROA)
triggers the 16-bit read/write operation: when the low byte of a 16-bit register is
written by the CPU, the high byte is stored in the temporary register, and the low byte
written are both copied into the 16-bit register in the same clock cycle. When the CPU
reads the low byte of a 16-bit register, the high byte of the 16-bit register is copied
into the temporary register in the same clock cycle as the low byte is read.

A 16-bit write operation can be performed by first writing the high byte to the TCNTOH
register. The high byte will be copied to the temporary register untii TCNTOL is
written. TCNTOL is then written, triggering the 16-bit value to be copied in one clock
cycle.

A 16-bit read operation is initiated by reading the low byte register (TCNTOL or
OCROA). This will trigger a copy of the high byte register to the temporary register.
Reading the high byte register (TCNTOH or OCROB) returns the previously stored
high byte.

Timer/Counterl (TC1) is a 10-/8-bit timer/counter module. When TC1 is used in 8-bit
mode, no special considerations need to be made. In 10-bit mode, access to 10-bit
registers is performed using one common 2-bit register TC1H, which holds the high
byte in both read and write operations. The 10-bit TC1 registers and their connections
to the 8-bit bus are shown in Figure 2-1.
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2.2.1 10-bit write operation

2.2.2 10-bit read operation
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Figure 2-1. Timer/Counterl 10-bit registers
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A 10-bit write operation can be performed by first writing the two most significant bits
to the common TC1H register. When the low byte is written by the CPU, both the 2
bits stored in the TC1H register and the low byte are copied into the 10-bit register in
the same clock cycle.

The TC1H register is not cleared by a write or read operation. This makes it possible
to write to several 10-bit TC1 registers by writing TC1H only once. Note that if an 8-bit
value is written to a 10-bit TC1 register and the TC1H register is not used, the TC1H
value from a previous read or write operation might be copied to the 10-bit target
register. The TC1H register should therefore be explicitly written whenever writing to
the 10-bit TC1 registers unless the value of TC1H is known.

A 10-bit read can be performed by first reading the low byte of the 10-bit register. This
will trigger the two most significant bits to be copied to the TC1H register.

2.3 Ensuring atomic access to multi-byte registers
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In a system using interrupts, accessing multi-byte registers can constitute a risk.
Consider the situation in Figure 2-2. A 10-bit write is about to be performed to
OCRI1A. The TC1H register has just been loaded with the high byte and the low byte
is about to be written. However, an interrupt occurs between two write operations,
executing the interrupt service routine (ISR), which reads the value of TCNT1. As
TCNT1 is accessed, the high byte is copied to the TC1H register, to facilitate the 10-
bit read in the ISR. When execution returns to the function that was interrupted, TC1H
is corrupted and the application has no means to detect that this has happened.
When the second part of the write to OCR1A is performed, the wrong high byte is
copied due to the corruption of TC1H.
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Figure 2-2. Interrupt corruption
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The situation in Figure 2-2 can be prevented by making sure that 10 and 16-bit
registers are always accessed in one atomic operation. This is accomplished by
making sure that interrupts are disabled during all 10 and 16-bit accesses. The most
general way to do this is shown in Figure 2-3. This method is always safe to use
everywhere in the code, but it adds to the number of instructions needed to perform
this basic operation. It is therefore important to understand when it is necessary to
disable interrupts during multi-byte access.

e Most initialization is usually performed before interrupts are enabled. There is no
need to disable interrupts at this stage.

e The AVR core automatically clears the global interrupt flag when an interrupt is
being serviced. It is therefore safe to access multi-byte registers during the
execution of ISRs, provided the global interrupt flag is not manually set within that
ISR.

e If no ISRs access any of the multi-byte registers in question, it is safe to access
them without disabling interrupts.
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Figure 2-3. Atomic access of 10-/16-bit registers

Save global
interrupt flag state

v

Clear global
interrupt flag

v

Perform 10/16 bit
access

v

Restore global
interrupt flag state

2.4 Synchronization issues

Note that due to synchronization circuitry in TC1, several TC1 registers cannot
immediately be read back after being written. Please refer to the “Synchronization”
section in the ATtiny261/461/861 data sheet for more details.

2.5 Multi-byte registers not covered in this document

2.6 Included macros

2.7 Compiler support
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There are other multi-byte registers in the ATtiny261/461/861 that are not covered by
this document (E.g. ADCL/H). These are addressed consecutively, allowing the multi-
byte access to be transparently handled by the compiler, and are thus not covered
here. Note, however, that the programmer is still responsible for ensuring atomic
access to these registers as described in section 2.3 of this document

Included with this application note is a set of macros written in ANSI C designed to
perform the operations described in this application note. For each operation, two
macros are available, one that is interrupt-safe and one that is not.

The source code has been documented with Doxygen comments for automatic
documentation generation. Please open the ‘readme.html’ file in the source code root
directory for more information.

All source code included with this application note is written in ANSI C for maximum
portability. At the time of release of this application note, only the IAR® and AVR
GCC compilers had included support for the ATtiny261/461/861 family. The source
code has therefore only been tested on these compilers.
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