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AC-Coupled RS-485

Design Overview

Design Features

This reference design details AC-coupling of RS-485
signals. Although these signals are typically DCcoupled, using AC-coupling has several advantages.
AC-coupling allows transceivers to operate with large
common-mode offsets, enabling long-distance
communication without routing an additional ground
wire. AC-coupling also protects the transceivers
against high-voltage DC faults (for example, if the
differential bus is shorted to a power supply). This
protection is useful in industrial applications that
require data transfers across long distances with a
minimum number of wires.
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Key System Specifications
The reference design can be applied to any application that uses RS-485 signaling, but it is particularly
applicable to communication links that require the transfer of data over long distances or require protection
against high voltages on the RS-485 bus. AC-coupling allows the different nodes on a network to operate
on independent voltage domains (with independent ground references) and removes restrictions on DC
common-mode voltage variations that are typically present in RS-485 systems.
A key component in this reference design is the AC-coupling capacitor. Although the capacitance does not
need to be high, the voltage rating must be enough to protect against the maximum DC voltage that is
expected on the bus. For example, if the system must withstand a short to a 48-V power supply, a
capacitor rating of 60 V or higher is required.
This reference design operates at any standard RS-485 data rate and does not require additional protocol,
encoding, or modulation. However, the benefits of this topology are primarily at lower rates (under 1
Mbps). For high data rates, it may be possible to AC-couple the link using only series capacitors without
additional circuitry. In this design, though, the user must ensure that this approach functions during worstcase data patterns.

2

System Description
Each node has an AC-coupling capacitor, an RS-485 transceiver, a SymPol™ transceiver, and a J-K flipflop. The AC-coupling capacitor blocks the circuitry installed on the node from DC voltages that may be
present on the bus. The RS-485 transceiver functions only as a transmitter. The SymPol transceiver
detects transitions on the RS-485 bus, and the J-K flip-flop latches the bus state when a transition is
detected.

2.1

SN65HVD96 SymPol Transceiver
The SN65HVD96 transceiver allows for communication in differential-signaling systems regardless of the
orientation of the bus lines (normal or reversed). The SymPol transceiver detects two states on the bus:
passive and active. When the differential voltage on the bus is between +500 mV and –500 mV, the bus is
said to be passive and the receiver outputs a logic low. When the differential voltage is greater than +900
mV or less than –900 mV, the bus is active and the receiver outputs a logic high.
In this design, the SymPol transceiver detects transition edges on the bus. Usually, the output of
transceiver remains high during idle periods and produces a logic low output on every transition edge on
the bus (low-to-high or high-to-low).

2.2

SN65HVD3088E
The SN65HVD3088E is a 5-V half-duplex transceiver designed for RS-485 data bus networks with
signaling rates of up to 20 Mbps. The SN65HVD3088E is optimized for faster slew rates (faster transition
edges). The device operates over a wide common-mode range, bus-fault protection, and fail-safe
protection.
In an AC-coupled design, transmitting data to the bus at a lower data rate requires a device with faster
transition edges, which have frequency content high enough to pass through the high-pass filter formed by
the termination resistor and the capacitor. The SN65HVD3088E fits this requirement because of the highspeed-optimized design.

2.3

SN74HC112
The SN74HC112 is a J-K flip-flop that is triggered by a negative edge with preset and clear options to set
or reset the outputs (Q and /Q). This design takes advantage of the toggle mode of the flip-flop to
regenerate the data from the edge detected by the SymPol transceiver. In the toggle configuration, the RX
output of the SymPol transceiver acts as the clock signal that toggles the output of the flip-flop on each
negative edge, allowing for the original data signal to be recovered. To ensure the recovered signal
maintains the correct polarity, the flip-flop is reset to an initial state (Q low and /Q high) each time the
node transmits data.
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2.4

SN74LVC1G04
A single inverter generates the complement of the driver and receiver enable signal to clear (reset) the
output of the J-K flip-flop to a known initial state. The output of the inverter connects to the J-K flip-flop
and holds the flip-flop clear while the node is driving data to the bus. When data transmission is
completed, the node switches to receive mode by enabling the receiver. Next, the output of the inverter
sets the J-K flip-flop to the toggle mode with the initial state of Q being low and /Q being high.
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Block Diagram
Figure 1 shows the block diagram of the reference design.
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Figure 1. AC-Coupled RS-485 Reference Design
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3.1

Highlighted Products
Section 3.1.1, Section 3.1.2, Section 3.1.3, and Section 3.1.4 detail the products used in this design.
For more information on each of these devices, see their respective product folders at www.ti.com.

3.1.1

SN65HVD3088E
The SNx5HVD308xE devices are half-duplex transceivers designed for RS-485 data bus networks.
Powered by a 5-V supply, the devices are fully compliant with TIA/EIA-485A standards. With controlled
transition times, these devices can transmit data through long twisted-pair cables. The SN65HVD3082E
and SN75HVD3082E devices are optimized for signaling rates of up to 200 Kbps. The SN65HVD3085E
device can transmit data of up to 1 Mbps, and the SN65HVD3088E device is suitable for applications that
require signaling rates of up to 20 Mbps.
These devices operate using a very low supply current exclusive of the load (typically 0.3 mA). These
devices are ideal for power-sensitive applications because the supply current drops to a few nanoamps
when inactive-shutdown mode is on.
The wide common-mode range and high ESD-protection levels of these devices make them suitable for
demanding applications such as energy meter networks, electrical inverters, status and command signals
across telecom racks, cabled chassis interconnects, and industrial automation networks where noise
tolerance is essential. These devices match the industry-standard footprint of the SN75176 device. Poweron-reset circuits keep the outputs in a high-impedance state until the supply voltage has stabilized. A
thermal-shutdown function protects the device from damage due to system fault conditions. The
SN75HVD3082E is characterized for operation from 0°C to 70°C, and SN65HVD308xE devices are
characterized for operation from –40°C to +85°C air temperature.

3.1.2

SN65HVD96
The SN65HVD96 is designed to meet the requirements for a transceiver that operates with no errors if the
twisted-pair signal wires are connected normally or reversed. The design of this device allows for errorfree operation in applications where the signal wires may become inadvertently reversed during
installation or maintenance. This feature is corrected internally so no intervention from the controller or
operator is required. The SN65HVD96 complies with the requirements of ANSI/TIA-4963, Electrical
Characteristics of Reversible Balanced Voltage Digital Interface Circuits.

3.1.3

CD74HC112
The CD74HC112 is a J-K flip-flop with set and reset controls and has a negative-edge trigger. The device
features hysteresis on the clock inputs for improved noise immunity and the device can operate at
frequencies of up to 60 MHz, making it suitable for buffering the data coming from the RS-485 bus. The
device has buffered-complementary outputs that can drive up to 10 low-power Shottky transistor-transistor
logic (LSTTL) loads and features balanced propagation delays and transition times.

3.1.4

SN74LVC1G04
The SN74LVC1G04 device has an inverter gate. This device is fully specified for partial-power-down
applications using Ioff. The Ioff circuitry disables the outputs and prevents damaging current backflow
through the device when it is powered down. The DPW package technology is a breakthrough in IC
packaging. The 0.64-mm square footprint saves significant board space compared to other package
options and retains the traditional manufacturing-friendly lead pitch of 0.5 mm.
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System Design Theory
AC-coupling a data link introduces a high-pass-filter effect because of the interaction between the series
capacitances and termination resistances. Typically, the frequency content of the data that is being
transmitted must be high enough to not be degraded by this filtering effect. This can be challenging for
links that use low data rates or for protocols that allow the link to remain at a constant level for long
periods of time (because of the transmission of consecutive identical bits or the idle periods between data
frames). Although the filter corner frequency can be lowered by increasing the AC-coupling capacitance or
increasing the termination resistance, this is often impractical for the lower data rates that are commonly
used in RS-485 links because the series capacitance becomes too large to be practical.
This reference design addresses this issue by no longer requiring the corner frequency of the filter to be
below the full spectrum of the data signal. Instead, the filter is able to attenuate all signal components
except for the transition edges (chosen to be very high in frequency by selecting a high-speed RS-485
transceiver). The receiver circuitry (comprised of the SymPol transceiver and flip-flop) is designed so it
translates these edge transitions into a reconstructed data signal.
Using this approach removes any limitations on the data pattern, allowing for arbitrarily low data rates or
patterns with long periods of static (constant) data. This approach works with a fairly low capacitance
value as well, which often allows for a capacitor with a higher voltage rating to be chosen. This makes it
possible for the transceiver to continue to operate even with large voltages present on the external bus.
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Getting Started Hardware
Two boards are required to evaluate both sides of the RS-485 connection. The design comes
prepopulated with all four of the TI ICs that enable the board to function.
VCC and GND are connected at the top right corner of the boards at terminal TB1. The RS-485 bus lines
must be connected between nodes using a twisted pair cable. The boards include a terminal block with
screw heads to securely attach the power and bus cables. Connect the transmitter output line (from an
MCU or UART) at the D pin and the receiver input to Q or /Q (depending on the desired polarity of the
signal). These connections can be made to other nodes on the RS-485 bus.
In this AC-coupled application, the receiver and driver of each node must be correctly enabled. This is to
ensure the outputs of the J-K flip-flop (Q and /Q) are in a known state. For example, while the node is
transmitting data it sets the Q output to low and the /Q output to high. If the driver of the transmitting node
is enabled before the driver of the receiving node is disabled the correct data appears on /Q. If the driver
of the transmitting node is enabled after the driver of the receiving node is disabled the correct data
appears on Q, as shown in Figure 2 and Figure 3.

Figure 2. Transmission-Node Driver Enabled Before Receiving-Node Driver is Disabled

Figure 3. Transmission-Node Driver Enabled After Receiving-Node Driver is Disabled
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Test Data

6.1

250-kHz Signal
Figure 4 shows the logic signal to be transmitted, the output from the SymPol transceiver of the receiving
node, and the reconstructed logic signal of the receiving node at 250 kHz. Figure 5 shows the same
transmitted and reconstructed logic signals, and also shows the differential input to the SymPol transceiver
(A and B) at 250 kHz.

Figure 4. Signals at 250 kHz (500 Kbps)

6.2

Figure 5. Signals and Differential Input at 250 kHz (500
Kbps)

1-MHz Signal
Figure 6 shows the logic signal to be transmitted, the output from the SymPol transceiver of the receiving
node, and the reconstructed logic signal of the receiving node at 1 MHz. Figure 7 shows the same
transmitted and reconstructed logic signals, and also shows the differential input to the SymPol transceiver
(A and B) at 1 MHz.

Figure 6. Signals at 1 MHz (2 Mbps)
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Figure 7. Signals and Differential Input at 1 MHz (2
Mbps)
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Design Files

7.1

Schematics
To download the schematics, see the design files at TIDA-01171.

7.2

Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01171.

7.3

PCB Layout Recommendations
TI recommends the following:
• Place protection circuitry close to the bus connector to prevent noise transients from entering the
board.
• Use VCC and ground planes to provide low-inductance, low-power connections.
• Apply 100-nF to 220-nF bypass capacitors as close as possible to the VCC pins of the transceiver,
UART, and controller ICs on the board.
• Use at least two vias for VCC and ground connections of bypass capacitors and protection devices to
minimize effective via inductance.

7.4

Layout Prints
To download the layer plots, see the design files at TIDA-01171.

7.5

Allegro Project
To download the Allegro project files, see the design files at TIDA-01171.
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Layout Guidelines
Figure 8 shows the layout guidelines for the TIDA-01171 board. Use local decoupling at each IC, provide
bulk decoupling, and match the bus line length.

Figure 8. TIDA-01171 Guidelines

7.7

Gerber Files
To download the Gerber files, see the design files at TIDA-01171.

7.8

Assembly Drawings
To download the assembly drawings, see the design files at TIDA-01171.
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Software Files
To download the software files, see the design files at TIDA-01171.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS
Texas Instruments Incorporated (‘TI”) reference designs are solely intended to assist designers (“Designer(s)”) who are developing systems
that incorporate TI products. TI has not conducted any testing other than that specifically described in the published documentation for a
particular reference design.
TI’s provision of reference designs and any other technical, applications or design advice, quality characterization, reliability data or other
information or services does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI products, and
no additional obligations or liabilities arise from TI providing such reference designs or other items.
TI reserves the right to make corrections, enhancements, improvements and other changes to its reference designs and other items.
Designer understands and agrees that Designer remains responsible for using its independent analysis, evaluation and judgment in
designing Designer’s systems and products, and has full and exclusive responsibility to assure the safety of its products and compliance of
its products (and of all TI products used in or for such Designer’s products) with all applicable regulations, laws and other applicable
requirements. Designer represents that, with respect to its applications, it has all the necessary expertise to create and implement
safeguards that (1) anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the
likelihood of failures that might cause harm and take appropriate actions. Designer agrees that prior to using or distributing any systems
that include TI products, Designer will thoroughly test such systems and the functionality of such TI products as used in such systems.
Designer may not use any TI products in life-critical medical equipment unless authorized officers of the parties have executed a special
contract specifically governing such use. Life-critical medical equipment is medical equipment where failure of such equipment would cause
serious bodily injury or death (e.g., life support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such
equipment includes, without limitation, all medical devices identified by the U.S. Food and Drug Administration as Class III devices and
equivalent classifications outside the U.S.
Designers are authorized to use, copy and modify any individual TI reference design only in connection with the development of end
products that include the TI product(s) identified in that reference design. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY
ESTOPPEL OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR
INTELLECTUAL PROPERTY RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right,
copyright, mask work right, or other 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 to use such products
or services, or a warranty or endorsement thereof. Use of the reference design or other items described above 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.
TI REFERENCE DESIGNS AND OTHER ITEMS DESCRIBED ABOVE ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS
ALL OTHER WARRANTIES OR REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING THE REFERENCE DESIGNS OR USE OF
THE REFERENCE DESIGNS, INCLUDING BUT NOT LIMITED TO ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE
WARRANTY AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NONINFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.
TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNERS AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS AS
DESCRIBED IN A TI REFERENCE DESIGN OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT,
SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH
OR ARISING OUT OF THE REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, AND REGARDLESS OF WHETHER TI
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.
TI’s standard terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products. Additional terms may apply to the use or sale of other types of TI products and services.
Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s noncompliance with the terms and provisions of this Notice.IMPORTANT NOTICE
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