Quadrature Decoder/Counter
using Atmel FPGA/FPSLIC™
The purpose of a quadrature decoder/counter is to take some of the real-time computational load off the microprocessor. When the processor reads the output signals of
the position encoder, every change in state must be detected. This means that for an
encoder of 250 pulse per channel per revolution turning at a modest 6000 rpm, the
processor must detect and decode 100,000 state changes per second. This is difficult
for most microcontrollers, and many systems use higher speeds and/or even denser
encoders.
The solution to this difficulty is a circuit that will detect each of these state changes
and send them to a counter. Each time a state change is detected in the positive direction, the decoder will increment the counter; a change in the other direction causes
the counter to be decremented. Thus the counter will keep a running count of how far
the encoder has moved, until it overflows. Now the microprocessor can read the number in the counter and compare that number to a previous reading in order to measure
the distance traveled. Since the counter stores the position changes, a system using
an 8-bit counter can measure the position from signals whose frequency is about 127
times higher than that of the fastest signals that can be measured by a software-only
system. In a similar way, the 4-bit counter can read signals approximately 8 times
faster than those read only by software.
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Figure 1. Typical Application Block Diagram
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Figure 2. Quadrature Decoder/Counter Block Diagram
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Functional Pin Description

Digital Filter

Pin

Description

CLK

System Clock

CHA
CHB

CHA and CHB are inputs that accept outputs from a quadrature-encoded
source, such as incremental optical shaft encoder. Two channels, A and
B, nominally 90 degrees out of phase.

RST

Asynchronous active low reset signal that clears the internal position
counter and position latch.

OE

Active-low output enable input signal

SEL

The input controls the data byte from the position latch. “0” selects high
byte and “1” selects lower byte.

CNT

Pulse generated from the decoder when the quadrature decoder has
detected a state transition.

UP_DN

Output from the quadrature decoder. This signal will determine whether
the counter is counting up or down.

DATA

Output databus

The digital filter is responsible for rejecting noise on the incoming quadrature signals.
This is achieved by combining Schmitt triggered inputs and three clock-cycle
delay filters. This combination rejects low level noise and large, short duration noise
spikes that typically occur in motor system applications.
The signals on each channel are sampled on rising clock edges. A time history of the
signals is stored in the four-bit shift register. Any change on the input is tested for a stable level being present for three consecutive rising clock edges. Therefore, the filtered
output waveforms can change only after an input level has the same value for three consecutive rising clock edges. By this method the short noise spikes between rising clock
edges are ignored and pulses shorter than two-clock period are rejected.
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Quadrature Decoder/Counter
Decoder Logic

The decoder logic decodes the incoming filtered signals into count information. The
decoder samples the outputs of channels A and B. Based on the past binary state of the
two signals and the present state, it outputs a count signal (CNT) and direction signal
(UP_DN) to the position counter, see Figure 3. Channel A leading Channel B results in
counting up. Channel B leading channel A results in counting down.
Figure 3. Counter State Transition Diagram
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Table 1. Count Signal Values
CHA

CHB

UP_DN

1

0

1

–

1

0

For better system control and improved resolutions, the designer can multiply the resolution of the incoming signals by a factor of four (4 x decoding).

Position Counter

The binary up/down counter counts on rising clock edge. Channel A leading channel B
results in counting up. Channel B leading Channel A results in count down.

Position Data Latch

The position data latch captures the position counter output data on each rising clock
edge, except when its inputs are disabled by the inhibit logic during two-byte operation.
The inhibit logic samples the OE and SEL control signals and does the conditional
inhibit of the position data register.
Table 2. Position Data Latch

Bus I/F Logic

SEL

OE

CLK

INH

Action

L

L

H-L

H

Read High Byte

H

L

H-L

H

Read Low Byte

X

H

X

0

Output Tri-state

Consists of multiplexers and tri-state output buffer. This allows the independent access
to the low and high bytes of the position data latch.
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Design
Implementation

A simple two-channel quadrature decoder/counter is implemented using VHDL®. The
design involves two-channel digital filter, quadrature decoder, 16-bit position counter,
16-bit position latch and 8-bit bus interface logic.
The design is successfully fitted into Atmel AT40K05 and it requires 87 core cells and 17
I/Os.

Tools Used

Synthesis: Exemplar™'s LeonardoSpectrum™ version: v20001b_atmel.106
FPGA Place and Route: Atmel IDS7.5 (with level 1 patch)
Simulation: Model Technology™ ModelSim® simulator.
The source files for this application note can be found in the FPSLIC Software section of
the Atmel web site (http://www.atmel.com), under the 3037.zip archive.
The contents of the zip file are shown in Table 1.
Table 1. 3037.zip Contents
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File

Description

Quad_top.vhd

Top quadrature module

Digital_filter.vhd

Two-channel Digital Filter

Quad_decoder.vhd

1X quadrature decoder

Position_counter.vhd

16-bit position counter

Position _latch.vhd

16-bit position latch and 8-bit bus interface logic

Quadrature Decoder/Counter
3037A–FPSLI–04/02

Atmel Headquarters

Atmel Operations

Corporate Headquarters

Memory

2325 Orchard Parkway
San Jose, CA 95131
TEL 1(408) 441-0311
FAX 1(408) 487-2600

Europe
Atmel Sarl
Route des Arsenaux 41
Casa Postale 80
CH-1705 Fribourg
Switzerland
TEL (41) 26-426-5555
FAX (41) 26-426-5500

Asia
Atmel Asia, Ltd.
Room 1219
Chinachem Golden Plaza
77 Mody Road Tsimhatsui
East Kowloon
Hong Kong
TEL (852) 2721-9778
FAX (852) 2722-1369

Japan
Atmel Japan K.K.
9F, Tonetsu Shinkawa Bldg.
1-24-8 Shinkawa
Chuo-ku, Tokyo 104-0033
Japan
TEL (81) 3-3523-3551
FAX (81) 3-3523-7581

Atmel Corporate
2325 Orchard Parkway
San Jose, CA 95131
TEL 1(408) 436-4270
FAX 1(408) 436-4314

Microcontrollers
Atmel Corporate
2325 Orchard Parkway
San Jose, CA 95131
TEL 1(408) 436-4270
FAX 1(408) 436-4314
Atmel Nantes
La Chantrerie
BP 70602
44306 Nantes Cedex 3, France
TEL (33) 2-40-18-18-18
FAX (33) 2-40-18-19-60

ASIC/ASSP/Smart Cards
Atmel Rousset
Zone Industrielle
13106 Rousset Cedex, France
TEL (33) 4-42-53-60-00
FAX (33) 4-42-53-60-01

RF/Automotive
Atmel Heilbronn
Theresienstrasse 2
Postfach 3535
74025 Heilbronn, Germany
TEL (49) 71-31-67-0
FAX (49) 71-31-67-2340
Atmel Colorado Springs
1150 East Cheyenne Mtn. Blvd.
Colorado Springs, CO 80906
TEL 1(719) 576-3300
FAX 1(719) 540-1759

Biometrics/Imaging/Hi-Rel MPU/
High Speed Converters/RF Datacom
Atmel Grenoble
Avenue de Rochepleine
BP 123
38521 Saint-Egreve Cedex, France
TEL (33) 4-76-58-30-00
FAX (33) 4-76-58-34-80

Atmel Colorado Springs
1150 East Cheyenne Mtn. Blvd.
Colorado Springs, CO 80906
TEL 1(719) 576-3300
FAX 1(719) 540-1759
Atmel Smart Card ICs
Scottish Enterprise Technology Park
Maxwell Building
East Kilbride G75 0QR, Scotland
TEL (44) 1355-803-000
FAX (44) 1355-242-743

Atmel Programmable SLI Hotline

e-mail

(408) 436-4119

literature@atmel.com

Atmel Programmable SLI e-mail

Web Site

fpslic@atmel.com

http://www.atmel.com

FAQ
Available on web site
© Atmel Corporation 2002.
Atmel Corporation makes no warranty for the use of its products, other than those expressly contained in the Company’s standard warranty
which is detailed in Atmel’s Terms and Conditions located on the Company’s web site. The Company assumes no responsibility for any errors
which may appear in this document, reserves the right to change devices or specifications detailed herein at any time without notice, and does
not make any commitment to update the information contained herein. No licenses to patents or other intellectual property of Atmel are granted
by the Company in connection with the sale of Atmel products, expressly or by implication. Atmel’s products are not authorized for use as critical
components in life support devices or systems.
ATMEL ® is the registered trademark of Atmel; FPSLIC ™ is the trademark of Atmel.
ModelSim ® is the trademark of Mentor Graphics. Exemplar ™, LeonardoSpectrum ™ and Model Technology ™ are
the trademarks of Mentor Graphics. VHDL ® is the registered trademark of Cadence Design Systems, Inc.
Other terms and product names may be the trademarks of others.

Printed on recycled paper.
3037A–FPSLI–04/02

xM

