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ABSTRACT

Cross-wire faults are a significant problem in many applications where installation of end-equipment and
cable connections are made by third party installers, rather than by OEM technicians. Texas Instruments
has developed a transceiver which is immune to cross-wire faults.

Data signaling between the various parts of a system enables “smart” functions such as power
management, diagnostics, and optimal operation. For this reason, networking and interconnection of
equipment is a valuable and growing area of innovation for all sorts of industrial equipment.

In many networked equipment applications, the end-equipment units are installed at a site and connected
together by local installers. For example, heating/ventilation/air-conditioning system or building security
systems have several components, which are typically located around various points in a building, and
which must be connected with cables which are cut-to-length at time of installation. This installation is
prone to mis-wiring, which can cause data corruption or even equipment damage with most existing types
of network signaling schemes (e.g. RS-232, RS-422, RS-485). Identification and correction of the
mis-wiring can be difficult once the system is installed, as the entire network may be affected by a single
cross-wired node.

Texas Instruments has developed a transceiver which uses symmetric polarity to ensure immunity to
cross-wire faults. The SN65HVD96 can be used to replace an RS-485 (or RS-422) network with a SymPol
network, which will not be affected by cross-wire faults anywhere in the system. The package and pin-out
of the HVD96 is identical to the industry-standard ‘176’ footprint used by a majority of RS-485
transceivers. This allows designers to evaluate SymPol signaling without revision to existing interface
boards. The HVD96 SymPol transceiver is designed to operate using the same twisted-pair cabling with
120 Ohm characteristic impedance that is standard for RS-422 and RS-485 signaling. Using balanced
differential signaling, SymPol exhibits the same basic advantages of noise immunity and low emissions as
established interface standards. The HVD96 also has integrated fault protection features such as driver
output current limiting and thermal shutdown circuits to ensure robust operation.

In the following figures, the cross-wire immunity of SymPol signaling with the HVD96 is demonstrated, as
well as reliable signaling over long cables typical of the intended applications.

SymPol is a trademark of Texas Instruments.
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In Figure 1, the simplified test set-up is shown. At one end of a 1000 meter cable, one transceiver
transmits at 150 kbps with a “1 1 0 1 1 0…” data pattern. At the other end of the cable, a transceiver
receives the data. Channel 1 (yellow) shows the input to the transmitting driver, Channels 2 and 3 (blue
and cyan) are the differential signals after transmission through the 1000 meter cable. Channel 4 (green)
is the output of the SymPol receiver at the receiving end of the cable.

Figure 1. Test Set-up With Normal Cable

The oscilloscope plot below shows several features of this signaling. The SymPol bus levels are such that
a logic “high” on the driver input creates a Passive state, with both outputs at the same voltage, giving a
zero differential voltage. When the driver input is logic “low”, the driver goes to an Active state, producing
a non-zero differential voltage on the cable.

The time delay between Channel 1 going low and Channels 2 and 3 showing the Active state is due to the
propagation delay in the 1000 meter cable. Typical twisted pair cable has a propagation delay of about 5
nanoseconds per meter (5 ns/m), so the delay of about 5000 ns (5 µs) is expected. The cable has also
attenuated the signal, reducing the high-frequency components of the waveform. This causes the
“rounded” look of the transition edges at the receiving node.

Figure 2. SymPol Signaling at 150 kbps Over 1000 Meter Cable
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In Figure 3, the test set-up is modified to cause a cross-wire fault in the cable between the two nodes.
With RS-485 transceivers, this would cause a polarity inversion and corrupt the data at the receiving node.

Figure 3. Test Set-up With Cross-Wire Fault

Figure 4 shows the results with the induced cross-wire fault. By comparing the receiver output to the driver
input, it is seen that the original data pattern “1 1 0 1 1 0…” has not been corrupted by the inverted data.
This is due to the (patent pending) SymPol signaling used by the HVD96. SymPol uses symmetric polarity
differential signaling to achieve immunity to cross-wire faults.

Figure 4. SymPol Signaling is Unaffected by Cross-Wire Faults

In summary, the HVD96 offers designers a solution for cross-wire faults, with no need for intervention by a
technician, and with many of the same features as established RS-422 or RS-485 signaling.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI’s standard
warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of TI information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of TI products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions www.ti.com/lprf Video and Imaging www.ti.com/video

Wireless www.ti.com/wireless-apps
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