EMBEDDED SYSTEMS

Mastering 1-Wire Protocol: Technical Deep Dive into
sockit_owm and FPGA Implementation

Published: March 24, 2026 | Index ID: #474

The 1-Wire (OneWire) protocol, originally developed by Dallas Semiconductor (now part of Analog Devices),
stands as a unique and highly efficient asynchronous half-duplex communication interface. Unlike more complex
buses like SPI or 12C, 1-Wire requires only a single data line and a ground reference to provide both power and
bidirectional data transfer. This technical analysis explores the architecture of 1-Wire, focusing specifically on
hardware master implementations like the sockit_owm, FPGA integration via Altera and Xilinx tools, and the
theoretical framewaorks that govern its operation in high-reliability environments.

The Theoretical Foundation of 1-Wire Technology

At its core, 1-Wire is designed for low-speed communication where simplicity and low cost are prioritized over
bandwidth. The protocol is inherently master-slave, where a single 1-Wire Master initiates all activities on the bus.
One of the most distinctive features of 1-Wire is its ability to operate under parasitic power mode. In this
configuration, devices pull energy from the bus line during the high periods of the communication cycles, storing it
in an internal capacitor to power the device during the low periods.

The 1-Wire Signaling Paradigm

Communication is based on time slots. A logic '1' and a logic '0" are distinguished by the duration for which the
master pulls the bus line to a low state. The protocol defines several fundamental signaling types:

¢ Reset and Presence Pulse: The master pulls the line low for at least 480 microseconds to reset the bus.
Slaves respond with a presence pulse by pulling the line low after the master releases it.

e Write-Zero Time Slot: The master pulls the line low for 60 to 120 microseconds.

¢ Write-One Time Slot: The master pulls the line low for a very short duration (1 to 15 microseconds) and then
releases it for the remainder of the 60-microsecond slot.

¢ Read Time Slot: The master pulls the line low for 1 microsecond and then samples the bus. The slave either
keeps the line low (logic 0) or lets it float high (logic 1).

Technical Analysis: The sockit_owm IP Core

The sockit_owmis a specialized 1-Wire master IP core frequently utilized in FPGA designs. It provides a bridge
between a system bus (such as Avalon or AXI) and the 1-Wire interface. This core is particularly valuable because
it offloads the timing-critical bit-banging requirements from the main processor (CPU) to dedicated hardware logic.

Core Mechanics and Altera Integration

For developers using Altera (Intel) FPGA tools like SOPC Builder or Qsys (Platform Designer), the sockit_owm
core offers seamless integration. The core features an automated clock divider calculation mechanism. Since 1-
Wire timing is strictly defined in microseconds, the hardware must know the input system clock frequency to
generate the appropriate delays. The sockit_owmconfiguration interface allows users to specify the input
frequency, and the tool automatically computes the registers required to maintain protocol compliance regardless of
whether the system runs at 50MHz or 200MHz.



The Role of VHDL Wrappers for DS18B20

One of the most common applications of 1-Wire in the industry is interfacing with the DS18B20 digital
thermometer. While the sockit_owm handles the physical and data link layers, a VHDL wrapperis often required
to manage the application layer. This wrapper functions as a state machine that sequences the commands
necessary to read temperature data:

Issue a Reset/Presence sequence.

Send the "Skip ROM" [CCh] command (if only one sensor is present) or "Match ROM" [55h].
Send the "Convert T" [44h] command to initiate temperature conversion.

Wait for the conversion time (up to 750ms for 12-bit resolution).

Issue another Reset sequence.

Send the "Read Scratchpad" [BEh] command to retrieve the data.
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Comparative Evaluation: 1-Wire vs. Other Serial Protocols

To understand the utility of 1-Wire, it is essential to compare it with other standard interfaces used in embedded
systems. The following table highlights the key technical differences:



Feature

Number of Wires

Communication Mode

Typical Speed

Addressing

Power Delivery

Max Distance

1-Wire (OneWire)

1 (plus Ground)

Half-Duplex

15.4 kbps (Standard)

Unique 64-bit ID per device

Parasitic Power Supported

Up to 300m (with care)

I12C (Inter-Integrated
Circuit)

2 (SDA, SCL)

Half-Duplex

100 kbps - 3.4 Mbps

7-bit or 10-bit address

External Power Required

Typically &It; 2m

SPI (Serial Peripheral
Interface)

3 to 4 (MOSI, MISO, SCK,
CS)

Full-Duplex

1 Mbps - 100+ Mbps

Hardware Chip Select (CS)

External Power Required

Typically &It; 1m

Implementation on Xilinx MPSoC and XAPP198

While Altera users often lean toward sockit_owm, Xilinx (AMD) developers frequently refer to XAPP198. This
application note provides a reference design for a 1-Wire master implemented in FPGA logic. In modern Zynq
MPSoCenvironments, implementation becomes a multi-layered challenge involving the Programmable Logic (PL)
and the Processing System (PS).

Zynq MPSoC Driver Integration

Integrating 1-Wire into a Zyng-based system often involves using the Linux w1l framework. When the 1-Wire
master is implemented in the PL, a platform driver must be configured in the Device Tree (DTS). Developers often
face challenges with 1-Wire on MPSoC due to the strict timing requirements of the protocol. If the master is bit-
banged via GPIO, interrupt latency in a non-real-time OS like standard Linux can cause timing violations, leading to
CRC errors. Therefore, utilizing a hardware master like the one described in XAPP198 or a port of sockit_owm is
preferred for industrial applications.

The Search ROM Algorithm: Binary Tree Discovery

A critical component of 1-Wire technical execution is the Search ROM algorithm. Since every 1-Wire device has a
unique, factory-lasered 64-bit identification number, the master can identify every device on a shared bus without
prior knowledge of their IDs. The algorithm works through a binary tree exclusion process:

* The master requests the first bit of the ID from all devices.

¢ Devices respond. If some have '0' and others have '1', the master detects a collision.

* The master then chooses a path (either O or 1) and tells all devices not matching that choice to go into a
standby state.

¢ This process repeats for all 64 bits, eventually isolating a single device.

Engineering Challenges and Troubleshooting

Despite its simplicity, 1-Wire implementation in the field is prone to physical layer issues, particularly as bus length
increases. Successful 1-Wire deployment requires rigorous attention to electrical characteristics.

Pull-up Resistor Optimization

The 1-Wire bus is essentially an open-drain environment. The rise time of the signal is determined by the RC time



constant of the bus capacitance and the pull-up resistor. While 4.7k ohms is the standard recommendation, longer
cables increase capacitance, necessitating a lower resistance (e.g., 2.2k ohms) to ensure the signal reaches the
logic high threshold within the required time window.

Reflections and Impedance Matching

On long 1-Wire networks (exceeding 100 meters), the bus behaves like a transmission line. Reflections from the
ends of the cable or branches (stubs) can cause false logic transitions. To mitigate this, engineers often use a
switched pull-upor active pull-up circuit, which provides a strong drive during the rising edge and then reverts to a
standard passive pull-up.

Common Failure Modes in FPGA Implementations

1. Clock Jitter: If the FPGA's internal clock is unstable, the 1-Wire master may generate time slots that are too
short for the slave to recognize.

2. Tri-state Logic Errors: In VHDL/Verilog, the 1-Wire pin must be correctly modeled as an inout port. Failure to
correctly release the line (setting it to high-impedance 'Z'") prevents the slave from responding.

3. Ground Loops: In industrial settings, a significant potential difference between the ground of the master and
the ground of a distant slave can corrupt data.

Practical Field Guide: Setting Up a 1-Wire Network

For engineers tasked with deploying a 1-Wire system, the following step-by-step procedure ensures robust
communication:

Step 1: Hardware Selection

Choose between a dedicated master chip (like the DS2482-100 12C to 1-Wire bridge) or an FPGA IP core. If using
an FPGA, ensure the 10 bank voltage matches the 1-Wire device requirements (typically 3.3V or 5V). Use level
shifters if necessary.

Step 2: Firmware Architecture

Implement a layered software architecture. The bottom layer should handle the bit-level timing (provided by
sockit_owm), the middle layer should handle the ROM commands (Search, Match, Skip), and the top layer should
handle device-specific functions (Temperature Read, EEPROM Write).

Step 3: Verification with 1-Wire Viewer

Before finalizing the FPGA code, use the 1-Wire Viewer software provided by Analog Devices. By connecting the
sensor network to a PC via a USB-to-1-Wire adapter (like the DS9490R), you can verify that the physical wiring
and the sensors themselves are functioning correctly. This isolates hardware issues from FPGA logic errors.

Advanced Integration: Single Wire Interface (SWI)

It is important to distinguish the 1-Wire protocol from other Single Wire Interfaces (SWI). While the terms are
sometimes used interchangeably, SWI often refers to proprietary protocols used by manufacturers like Microchip for
their EPROMSs. SWI may use different timing requirements and lack the sophisticated Search ROM capabilities of
the Dallas 1-Wire standard. When integrating Microchip SWldevices, the sockit owm core may require
modification to accommodate different bit-period definitions.

Evolution of the Standard



As we look toward the future of embedded systems, 1-Wire continues to evolve. Modern implementations are
moving toward Overdrive Speed, which reduces the time slot from 60 microseconds to approximately 7.5
microseconds, significantly increasing throughput for data-heavy applications like reading secure authenticators or
large calibration constants from EPROM. However, Overdrive mode is much more sensitive to bus capacitance,
making the use of a hardware-based 1-Wire master even more critical compared to software bit-banging.

In conclusion, the 1-Wire protocol remains a cornerstone of low-cost sensing and identification. Whether through
the integration of the sockit_owm core in Altera tools or the application of XAPP198guidelines in Xilinx MPSoC
designs, mastering the timing and electrical nuances of this "single wire" solution allows engineers to build highly
scalable and efficient electronic systems. By understanding the interplay between the physical layer's electrical
requirements and the logic layer's timing constraints, developers can leverage 1-Wire's full potential in diverse
applications ranging from simple temperature monitoring to complex hardware authentication.
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