MICROCHIP AN3699
Using ATtiny817 to Emulate a 1-Wire® Device

Introduction

Author: Daniel Xiong, Microchip Technology Inc.

Communication with 1-Wire® devices is unique in that only one wire, in addition to the ground, is needed to
communicate with another device. Power supply and communications are handled through only one connection. To
communicate with a Maxim’s 1-Wire device, only one general purpose 1/O pin is needed. This application note shows
how a 1-Wire target device, DS2433, can be emulated using an ATtiny817.

Features

» Supports Standard Speed Maxim’s 1-Wire Protocol
» Compatible with All AVR® Devices

e Interrupt-Driven Implementation

* Requires No External Hardware
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Theory of Operation - Maxim’s 1-Wire® Prot...

Theory of Operation - Maxim’s 1-Wire® Protocol

A 1-Wire bus uses only one wire for signaling and power. Communication is asynchronous and half-duplex, and it
follows a strict host/target scheme. One or several target devices can be connected to the bus at the same time, but
only one host should be connected to the bus.

The bus is idle high, so a pull-up resistor is necessary. To determine the value of the pull-up resistor, refer to the data
sheet of the target device(s). All devices connected to the bus must be able to drive the bus low. An open-collector or
open-drain buffer is required if a device is connected through a pin that can not be put in a Tri-State mode. Signaling
on the 1-Wire bus is divided into time slots of 60 us. One data bit is transmitted on the bus per time slot. Target
devices are allowed to have a time base that differs significantly from the nominal time base. This, however, requires
the timing of the host to be very accurate to ensure correct communication with target devices with different time
bases. It is, therefore, very important to obey the time limits described in the following sections.

Basic Bus Signals

The host initiates every communication on the bus at the bit-level. This means that for every bit that is to be
transmitted, regardless of direction, the host has to initiate the bit transmission. This is done by pulling the bus low,
which will synchronize the timing logic of all units. There are five basic commands for communication on the 1-Wire
bus:

1. ‘Write 1°.

2. ‘Write 0.

3. ‘Read.

4. ‘Reset.

5. ‘Presence’.
‘Write 1’ Signal

A ‘Write 1’ signal is shown in the figure below. The host pulls the bus low for 1 to 15 ps. Then, it releases the bus for
the rest of the time slot.

Figure 1-1. ‘Write 1’ Signal

‘Write 0’ Signal

A ‘Write 0’ signal is shown in the figure below. The host pulls the bus low for a period of at least 60 us, with a
maximum length of 120 ps.

Figure 1-2. ‘Write 0’ Signal

‘Read’ Signal

A ‘Read’ signal is shown in the figure below. The host pulls the bus low for 1 to 15 ys. Then, the target holds the bus
low if it wants to send a ‘0’. If it wants to send a ‘1’, it simply releases the line. The bus should be sampled 15 us after
the bus was pulled low. As seen from the host’s side, the ‘Read’ signal is a ‘Write 1’ signal. It is the internal state of
the target, rather than the signal itself that dictates whether it is a ‘Write 1’ or ‘Read’ signal.

Figure 1-3. ‘Read’ Signal
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‘Reset/Presence’ Signal

A ‘Reset’ and ‘Presence’ signal is shown in the figure below. Note that the time scale is different from the first
waveforms. The host pulls the bus low for at least eight time slots, or 480 s, and then releases it. This long low
period is called the ‘Reset’ signal. If there is a target present, it will pull the bus low within 60 ps after it is released by
the host and hold it low for at least 60 ps. This response is called a ‘Presence’ signal. If no presence signal is issued
on the bus, the host must assume that no device is present on the bus, and further communication is not possible.

ANV

Reset Presence

Figure 1-4. ‘Reset’ and ‘Presence’ Signal

Generating the Signals in Software

Generating the 1-Wire signals on an AVR by the software is straightforward. Simply changing the direction and value
of a general purpose I/O pin and generating the required delay is sufficient. A detailed description of this is given in
the Implementation section.

ROM Function Commands

Every 1-Wire device contains a globally unique 64-bit identifier number stored in ROM. This number can be used to
facilitate addressing or identification of individual devices on the bus. The identifier consists of three parts: An 8-bit
family code, a 48-bit serial number, and an 8-bit CRC computed from the first 56 bits. A small set of commands,
called ROM function commands that operate on the 64-bit identifier is defined. The table below lists the six defined
ROM commands.

Table 1-1. ROM Commands

Commans oo e

READ ROM 33H Identification

SKIP ROM CCH Skip addressing

MATCH ROM 55H Address specific device

SEARCH ROM FOH Obtain IDs of all devices on the bus
OVERDRIVE SKIP ROM 3CH Overdrive version of SKIP ROM
OVERDRIVE MATCH ROM 69H Overdrive version of MATCH ROM

READ ROM Command

The ‘READ ROM’ command can be used on a bus with a single target to read the 64-bit unique identifier. If there are
several target devices connected to the bus, the result of this command will be the AND result of all target device
identifiers. A failed CRC indicates the presence of several targets.

SKIP ROM Command

The ‘SKIP ROM’ command can be used without targeting any specific target. On a one-target bus, the ‘SKIP ROM’
command is sufficient for addressing. On a multiple-target bus, the ‘SKIP ROM’ command can be used to address all
devices at once. This is only useful when sending commands to target devices, e.g., to start temperature conversions
on several temperature sensors at once. It is not possible to use the ‘SKIP ROM’ command when reading from target
devices on a multiple-target bus.

© 2020 Microchip Technology Inc. Application Note DS00003699A-page 4
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MATCH ROM Command

Use the ‘MATCH ROM’ command to address individual target devices on the bus. After the ‘MATCH ROM’ command,
the complete 64-bit identifier is transmitted on the bus. When done, only the device with this identifier is allowed to
respond until the next reset pulse is received.

SEARCH ROM Command

The ‘SEARCH ROM’ command can be used when the identifiers of all target devices are not known in advance. It
makes it possible to discover the identifiers of all the targets present on the bus. First, the ‘SEARCH ROM’ command
is transmitted on the bus. Then, the target reads one bit from the bus. Each target places the first bit of its identifier
on the bus. The target will read this as the logical AND result of the first bit of all target identifiers. The target then
reads one more bit from the bus. Each target then places the complement of the first bit of its identifier on the bus.
The target will read this as the logical AND of the complement of the first bit of the identifier of all targets. If all
devices have ‘1’ as the first bit, the target will read 10b. Similarly, if all devices have ‘0’ as the first bit, the target will
read 01b. In these cases, the bit can be stored as the first bit of all addresses. The target will then write back this bit,
which in effect, will tell all targets to keep sending identifier bits. If there are devices with both ‘0’ and ‘1’ as the first bit
in the identifier on the bus, the target will read 00. In this case, the target must choose whether to continue with the
addresses that have ‘0’ in this position or ‘1’. The choice is transmitted on the bus, in effect making all targets that do
not have this bit in this position of the identifier enter an idle state.

The target then goes on to read the next bit, and the process repeats until all 64 bits are read. The target should then
have discovered one complete 64-bit identifier. To discover more identifiers, the ‘SEARCH ROM’ command should be
run again, but this time a different choice for the bit value should be made the first time there is a discrepancy.
Repeating this once for each target device should discover all targets. Note that when one search has been
performed, all targets except one should have entered an idle state. It is now possible to communicate with the active
target without specifically addressing it with the ‘MATCH ROM’ command.

OVERDRIVE ROM Commands

The overdrive ROM commands are outside the scope of this document. This application note only covers standard
speed.

Memory Function Commands

Memory function commands are commands that are specific to one device or a class of devices. These commands
typically deal with reading and writing of internal memory and registers in target devices. Several memory function
commands are defined, but not all commands are used by all devices. The order of writes and reads is specific to
each device, not part of the general specification. The table below lists the memory function commands of DS2433.

Table 1-2. Memory Function Commands of DS2433

Commans o s

WRITE SCRATCHPAD OFH Write data to scratchpad
READ SCRATCHPAD AAH Verify scratchpad data and target address
COPY SCRATCHPAD 55H Copy data from the scratchpad to memory
READ MEMORY FOH Read data from memory

WRITE SCRATCHPAD Command

This command is used to write data to the scratchpad. The scratchpad is an additional page that acts as a buffer
when writing to memory. After issuing the write SCRATCHPAD command, the host must first provide the 2-byte target
address, followed by the data to be written to the scratchpad. The data will be written to the scratchpad, starting at
the byte offset (T4:T0). The ending offset (E4:E0) will be the byte offset at which the host stops writing data; only full
data bytes are accepted. If the last data byte is incomplete, its content will be ignored, and the partial byte flag, PF,
will be set.
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READ SCRATCHPAD Command

This command is used to verify scratchpad data and target address. After issuing the READ SCRATCHPAD
command, the host begins reading. The first two bytes will be the target address. The next byte will be the ending
offset/data status byte (E/S), followed by the scratchpad data beginning at the byte offset (T4:T0). The host may read
data until the end of the scratchpad, after which the data read will be all logic 1s.

COPY SCRATCHPAD Command

This command is used to copy data from the scratchpad to memory. After issuing the COPY SCRATCHPAD
command, the host must provide a 3-byte authorization pattern, which can be obtained by reading the scratchpad for
verification. This pattern must exactly match the data contained in the three address registers (TA1, TA2, E/S, in that
order). If the pattern matches, the Authorization Accepted (AA) flag will be set, and the copy will begin. A copy takes
a maximum of 5 ms, during which the voltage on the 1-Wire bus must not fall below 2.8V. A pattern of alternating 1s
and Os will be received after the data has been copied until a Reset Pulse is issued by the host.

READ MEMORY Command

This command is used to read data from memory. After issuing the READ MEMORY command, the host must
provide the 2-byte target address. After the two bytes, the host reads data beginning from the target address and
may continue until the end of memory, at which point logic 1s will be read. It is of importance to realize that the target
address registers will contain the address provided. The ending offset/data status byte is unaffected.

Putting It All Together

All 1-Wire devices follow a basic communication sequence:
1. The host sends the ‘Reset’ pulse.
2. The target/targets responds/respond with a ‘Presence’ pulse.
3. The host sends a ROM command; this effectively addresses one or several target devices.
4. The host sends a memory function command.

Note: It is not necessary to complete the entire sequence. For example, it is possible to send a new ‘Reset’ after
finishing a ROM command to start a new communication.

© 2020 Microchip Technology Inc. Application Note DS00003699A-page 6
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Implementation

It is possible to implement the 1-Wire protocol in software only, without using any special hardware. This solution has
the advantage that the only hardware required is one general purpose I/O pin (GPIO). Since all GPIO pins on the
AVR are bi-directional and have selectable internal pull-up resistors, the AVR can control a 1-Wire bus with no
external support-circuitry. In case the internal pull-up resistor is not suitable for the current configuration of the host,
only one external resistor is necessary. This solution uses the GPIO falling edge interrupt to capture the falling edge
of the 1-Wire bus and then implements the protocol in the interrupt handler.

Initialization

The initialization procedure is very straightforward. Set the 1-Wire pins in Input mode, enable the internal pull-up
resistor, and assign an interrupt handler to the GPIO interrupt.

Bit-Level Functions

The bit-level functions are implemented according to the 1-Wire protocol. All timing parameters comply with the
recommended values in the DS2433 data sheet.

uint8_t OW_detect_reset (void); This function is used to detect the ‘Reset’ signal

void OW_presence(void); This function is used to send ‘Presence’ signal

void OW_write_bit (uint8_t write_data); This function is used to transmit a bit of data to the host device
uint8_t OW_read_bit (void); This function is used to receive a bit of data from the host device

Two macros: OW_PULL_BUS_LOW() and OW_RELEASE_BUS() are included to drive the bus low and to release
the bus. These are implemented as macros because they occur frequently, and the overhead caused by function
calls is unwanted because of the strict timing requirements.

Byte-Level Functions

void OW_write_byte (uint8_t write_data); This function is used to transmit a byte of data to the host device

uint8_t OW_read_byte (void); This function is used to receive a byte of data from the host device

ROM Commands

All general ROM commands for standard speed communication are implemented. Also, all general ROM commands
are implemented in void OW_InterruptHandler(void) function using a state machine. The state machine is
implemented according to the DS2433 data sheet, but it can be used when emulating any 1-Wire devices. The
simplest ROM command is the SKIP ROM command; it changes the bus state from waiting for a ROM command to
waiting for a memory function command.

Memory Function Commands

All memory function commands for standard speed communication are implemented. Also, all memory function
commands are implemented in void DS2433_Memory_Function(uint8_t cmd) function using a state machine. The
state machine is implemented according to the DS2433 data sheet, and it can only be used when emulating DS2433.

© 2020 Microchip Technology Inc. Application Note DS00003699A-page 7
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Cyclic Redundancy Check (CRC)

Cyclic Redundancy Check (CRC) is used by 1-Wire devices to ensure data integrity. The theory behind CRC is
outside the scope of this document and will not be further discussed.

Two different CRCs are commonly found in 1-Wire devices, also found in the DS2433 data sheet:

* One 8-bit CRC (Maxim’s 1-Wire CRC, DOW-CRC, or simply CRC8): Used in the ROM section of all 1-Wire
devices; CRC8 is also in some devices used to verify other data, such as commands issued on the bus.

* One 16-bit CRC (CRC16): Used by some devices to check for errors on bigger data sets.

uint8_t crc8_maxim(uint8_t *data, uint8_t length) This function is used to compute CRC8
uint16_t crc16_maxim(uint8_t *data, uint8_t length) This function is used to compute CRC16
Application Note DS00003699A-page 8
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Conclusion

Conclusion

This application note shows how to emulate a 1-Wire target device, DS2433, using an ATtiny817 microcontroller.
Only standard speed is described in this application note. To emulate other 1-Wire target devices, the void
DS2433_Memory_Function(uint8_t cmd) function needs to be implemented according to the device’s data sheet.
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The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

» Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

» Microchip products meet the specifications contained in their particular Microchip Data Sheet.

» Microchip believes that its family of products is secure when used in the intended manner and under normal
conditions.

* There are dishonest and possibly illegal methods being used in attempts to breach the code protection features
of the Microchip devices. We believe that these methods require using the Microchip products in a manner
outside the operating specifications contained in Microchip’s Data Sheets. Attempts to breach these code
protection features, most likely, cannot be accomplished without violating Microchip’s intellectual property rights.

» Microchip is willing to work with any customer who is concerned about the integrity of its code.

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “unbreakable.” Code protection is constantly
evolving. We at Microchip are committed to continuously improving the code protection features of our products.
Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act.
If such acts allow unauthorized access to your software or other copyrighted work, you may have a right to sue
for relief under that Act.
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Legal Notice

Information contained in this publication is provided for the sole purpose of designing with and using Microchip
products. Information regarding device applications and the like is provided only for your convenience and may be
superseded by updates. It is your responsibility to ensure that your application meets with your specifications.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS 1S”. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL OR
CONSEQUENTIAL LOSS, DAMAGE, COST OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION. Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,
and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits, or
expenses resulting from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.
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Quality Management System

For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.
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