RENESAS Application Note

Shaft Encoder Drives Multiple Renesas Digitally Controlled Potentiometers
(XDCPs)

Introduction

Renesas XDCPs, combined with a shaft encoder and simple circuitry, provide a versatile solution for designs
that require multiple control potentiometers or a single control to adjust multiple functions for aesthetic or other
design considerations.
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1. Shaft Angle Encoder

Shaft angle encoders are available at low-cost from a number of manufacturers. Most can output two signals in
phase quadrature (90°) with 1 to 10,000 pulses available per revolution. Count the number of transitions on both
phases to electronically resolve the shaft angle of the control. Resolve the direction that the shaft turns using one
of the phases as a reference.

The particular shaft encoder shown in Figure 1 encodes 16 positions per revolution, but other encoders offer
different angular resolutions. Each channel of the encoder has four electrical cycles per revolution. This means
the electrical phase goes through 360° for every 90° of mechanical rotation. There is a total of 16 level transitions
(eight transitions per phase) in a complete shaft rotation.

In Figure 1, U7A and U7B are Schmitt-trigger buffers for the two phase channels out of the Grayhill shaft encoder.
The XOR gate (U6B) adds these two phases to produce an 8-cycle per revolution signal. U6C along with delay
network R1/C2 form a one-shot that produces one pulse for every HIGH to LOW or LOW to HIGH transition from
U6B with 16 position pulses per revolution. The UBA and delay network R7/C4 determine the direction of the shaft
rotation. If a motor rotates the shaft at a constant velocity, the R7/C4 do not require delay network because the
UGBA output is in a defined direction-indicating state, on the LOW going edge of the one-shot output formed by
U6C. Direction ambiguity and erratic direction changes can happen if the shaft is rotated by hand. The delay
network R7/C4 stores the direction the shaft was going and produces a one-shot pulse to solve this. The time
constant for the direction delay is longer than the one-shot time, ensuring the direction is valid on the falling edge
of the increment pulse coming from the output of U6C.

The INC must be HIGH before CS goes HIGH, because the XDCPs remember the last setting on power-down.
Two timing networks consisting of the increment-invert network (CR2, R12, C7, U10A, U10B, and U10C), and the
chip-select network (CR1, R2, C6, and U6D) ensure this process. The increment-invert circuit is an increment
pulse detector that holds U10B in the non-inverting state whenever it detects an increment pulse. The non-invert
period is approximately ten-times as long as an increment pulse. This allows the INC input on the selected XDCP
to return to a HIGH state after the last falling pulse edge increments the pot. The cS input on the pot is the last to
return to a HIGH state after the increment pulse because the time constant of the chip-select network is longer,
ensuring to store the pots’ current wiper setting. Close inspection reveals that U10B is a follower when an
increment pulse is present or recently received, but becomes an inverter after the increment pulse is gone,
therefore returning INC to a HIGH state.
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U8 and U9 form a 4-bit shift register clocked by the push-button switch included in the Grayhill shaft encoder. The
shift register presets on power-up by U7D with 1000, this selects the first XDCP. When U6D generates a cs
pulse, it is NANDed with the output of the shift register by U5 and determines which pot to select. Each
subsequent press of the shaft encoder button selects the next potentiometer in the sequence. The length of the
shift register can be extended as required. Different shift register schemes work as the one presented, the only
difference is the ability to determine which pot is active. The use of the four LEDs serves as a simple index pointer
to indicate the active pot.

Figure 1 shows an application using four X9C103 type XDCPs. The Vh and VI pot terminals connect to supply and
ground for the purpose of this application; however, these terminals can connect to any voltage levels not
exceeding maximum.
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Figure 1. Shaft Encoder Driving Multiple XDCPs
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2. Revision History

Revision Date Description
= Applied latest template
1.00 Novs,2026 |, Added Revision History section
0.00 Apr 27, 2005 Initial release
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.
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