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RS-485 Drivers

Calculating the Power Dissipation

Abstract

This tech brief explains how to calculate the power dissipation of a RS-485 driver under a load condition. Figure 1
shows the simplified system block diagram together with the associated system parameters.
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Figure 1. System Block Diagram and System Parameters

The total power dissipation is determined by calculating the individual power components for DC and AC under a
no-load condition, followed by the calculations of the driver internal power consumption when only driving the
termination resistor, and when only driving the load capacitance. The sum of these power components yield the
total power dissipation of the driver.

Note: The index TX stands for a transmitter.

1. Driver DC Power Dissipation (No Load)

The DC power consumption of the driver is the product of the maximum supply current per driver under a no-load
condition and the nominal supply voltage.

(EQ.-1)  Prypc =lec Vo =0.8mA-3.3V = 2.64mW

2. Driver AC Power Dissipation (No Load)

The AC power consumption of the driver equals the power dissipation of a capacitor, P = C-V2-f. In this case, the
capacitor is the combined parasitic capacitance of the driver output stage, Co. Co has been measured with
250pF, representing a good average value for a wide range of RS-422 and RS-485 drivers. Voltage (V) is the
nominal supply voltage, and frequency (f) represents the ideal case of a high-low sequence of data bits, therefore
resembling a data clock, with a frequency half the data rate: f = DR/2. Therefore, a data rate of 20Mbps translates
into a 10MHz clock frequency.

(EQ.2) Py ac =Co-Vec? - f = 250pF -3.3V2-10MHz = 27.2mW

3. Driver Power Dissipation when Driving Rp Only

When driving the load resistor, Rp, driver internal voltage drops occur from V¢ to the Y output and from the Z
output to GND, while the differential output voltage (VOD) of the driver drops across Rp. The internal voltage
drops (V1xp = Vcc - Vop) accompanied by the current through the termination resistor (Igrp = Vop/Rp) causing
another internal power dissipation:

(EQ. 3) Prx-rp = Vrxp ‘lro With  Vrxp =Vee —Vop  @nd  Igp=Vop /Rp
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(EQ 4) PTX—RD = (VCC - VOD)VOD/RD = (33V - 1 5V) . 1 5V/54Q = 50 mW

4. Driver Power Dissipation when Driving Cp Only

Likewise, when driving the load capacitance (Cp), the driver internal voltage drops (Vtxp = Vce - Vob)
accompanied by the current through the load capacitance (Icp = Cp*Vp*f) causing internal power dissipation:

(EQ.5) Prx-cp = Vrxpolecp  With Vixp =Vec =Vop  @nd lgp =Cp-Vop-f

(EQ.6)  Pry_cp = (Vee — Vo )Co- Vop-f = (3-3V —1.5V)-50pF -1.5V - 10MHz = 1.35mW

5. Total Power Dissipation of the Driver
The total power consumption of the driver is the sum of the individual power consumptions previously calculated:

6. Total Power Dissipation of the Channel

To ensure enough drive capability for the voltage regulator of the system, the power dissipation of the load (P p)
that is the sum of the power dissipation of the termination resistor (Prp) and the load capacitance (Pcp) must be
considered:

(EQ-8)  Psp = Vop_min?/Rp =1.5V2/64Q = 41.7mW
and
(EQ.9)  Pgp =Cp-Vop?-f =50pF-1.5V2.10MHz = 1.13mW

Therefore, the power dissipation of the load is: P p = Prp + Pcp = 42.8mW and that of the entire channel is
PCH = PTX + PLD =124mW.

7. Conclusion
The previous calculations hold also true for RS-422 drivers. Except here Vop_min = 2.0V and Rp = 100Q.

8. Revision History

Rev. Date Description
1.00 Mar.25.20 Initial release
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

3. Nolicense, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The intended applications for
each Renesas Electronics product depends on the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home
electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, "General Notes for
Handling and Using Semiconductor Devices" in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

10. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

(Note1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.

(Rev.4.0-1 November 2017)

Corporate Headquarters Contact Information
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