
ENCODER INTERFACE MODULE V2

Figure 1. ENCODER INTERFACEMODULE

SmarActMetrology provides the ENCODER INTERFACE -

MODULE as an accessory for theMETIRIO Encoder.

The ENCODER INTERFACEMODULE is a compact 2-port

I/O device that converts sine-cosine and reference sig-

nals, provided by theMETIRIO encoder into a differen-

tial quadrature output, so called ABZ signals. This is

useful, if the customer’s controller is incapable to in-

terpret the analog signals. It features a high-resolution

data acquisition, low noise, and a compensation func-

tion for offset-, amplitude-, and phase errors. The

module can directly be connected to theMETIRIO D-

Sub 15 connector.

FEATURES AND APPLICATION

Features

• Converts analog encoder signals into ABZ

• Input calibration using a single push button

• Dynamic input signal correction

• LED indicator for flagging operational failure

• Selectable output resolution

• Selectable maximum output frequency

• Feed through of encoder I2C signals in both di-

rections

V2-Updates

• Additional reset button for reseting the error-

status without power cycle.

• Additional access to any button-function and LED

indication via host interface.

• Additional configurations for the output fre-

quency available.

• Optimized internal filtering behaviour.

Working principle

Standard analog encoders provide analog position sig-

nals which need to be processed by a controller com-

prising ADCs to digitize the input signals and calculate

the position via the arctan function. However, a lot

of controllers are designed to interpret standardized

quadrature signals (ABZ), instead.

Figure 2. Typical application of the ENCODER INTERFACE -

MODULE within a position measurement set-up

The ENCODER INTERFACE MODULE can be used as

an adapter for signal conversion. The D-Sub 15 input

connector is matched to the pin-assignment of the

METIRIO D-Sub 15 connector. Figure 2 shows an ex-

emplary connection setup for customer controllers

which only accept ABZ as input signals. In this case

the customer’s controller calculates the position by

counting the increments of state-changes.

The period of the input signals corresponds to one

period of the measuring scale, which is 20 µm forME-

TIRIO encoders. Depending on the pre-programmed

interpolation factor I, the ABZ output signals can have

many more periods per scale-period. The A and B

outputs are rectangular signals shifted by π/2. One

period of the rectangular signal can be divided into 4

signal states as shown in figure 3. The number of sig-

nal states per scale-period is then n = 2I. For instance

with an interpolation of 4 bit, the position increment is

16 times smaller than one scale-period. A state change

indicates a displacement by one increment. The direc-

tion of the state changes indicates the direction of

motion.

Figure 3. Input and output signals for 4 bit interpolation
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ENCODER INTERFACE MODULE V2

TECHNICAL DATA

General parameters

Parameter Value Unit

Input signal type Sine, cosine, reference

Output signal type Quadrature ABZ

Interpolator resolution 4 to 16 bit

Filter and interpolator latency 5 µs

DC supply voltage (via host interface) 5 (± 5%) VDC

Input current (withMETIRIO encoder and RS-422 termination) 180 mA

Table 1. General parameters

Dimensions and conditions

Parameter Value Unit

Encoder interface connector D-Sub 15 female

Host interface connector D-Sub 15 male

Dimensions (L x W x H) 64.0 x 41.5 x 16.6 mm

Weight 50 g

Operating temperature 0 to +50 ◦C

Relative humidity (non-condensing) 20 to 80 % RH

Table 2. Dimensions and conditions

Figure 4. ENCODER INTERFACEMODULE Dimensions

www.smaract.com | Page 2Specification Sheet - OE-SS00004 - 1.0.6



ENCODER INTERFACE MODULE V2

Host interface specifications

The differential ABZ signals should be connected with twisted pair cables and terminated with 120 Ω at

the differential line ends to ensure best signal integrity.

Parameter Value (typ) Unit Comment

ABZ output signal type RS-422

ABZ differential output voltage |VDD| 3.3 V

AB single signal maximum output frequency fmax,A,B 2.5 or 12.5 MHz

AB combined maximum output frequency fmax,AB 10 or 50 MHz Combined AB frequency

Z signal minimum pulse duration tpmin,Z 20 or 100 ns

RESET, CALIBRATE low level input voltage 0 to 0.5 V

RESET, CALIBRATE high level input voltage 1.6 to 5.0 V

RESET, CALIBRATE input pull-down resistor 1 MΩ

ERROR output type Open Drain

ERROR output pull-up resistor 10 kΩ Pull-up voltage level 3.3V

TWI SDA/SCL low level input voltage 0 to 0.9 V

TWI SDA/SCL high level input voltage 1.5 to 5.0 V

TWI SDA low level output voltage < 0.3 V

TWI SDA/SCL pull-up resistor 3.3 kΩ Pull-up voltage level 3.3V

Table 3. Host interface specifications

Encoder interface specifications

The ENCODER INTERFACEMODULE is optimized for the electrical interface of theMETIRIO encoder. If

other encoders are applied, the corresponding functionality cannot be guaranteed.

Parameter Value (typ) Unit

Encoder power supply voltage 3.3 VDC

Sine/Cosine - differential input voltage amplitude |VDiff | 1 V

Sine/Cosine - common mode input voltage |VCM| 1.25 V

Sine/Cosine - maximum input frequency fmax 500 kHz

Reference - permissible input voltage Vin range 0 to 3.3 V

Reference - common mode input voltage |VCM| 1.65 V

Table 4. Encoder interface specifications
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ENCODER INTERFACE MODULE V2

Host interface pinout

The host device is connected with a D-SUB 15 connector to the ENCODER INTERFACEMODULE . This interface

outputs the ABZ Data and provides a control interface to the module and theMETIRIO encoder. The ENCODER -

INTERFACE MODULE power supply is also provided through this interface. The pin assignment is shown in

figure 5 and specified in table 5.

Figure 5. Pin assignment of the host interface (D-SUB 15 male connector)

Pin-number Signal Direction Description

1 CALIBRATE IN
The ENCODER INTERFACE MODULE is hold in calibration-mode

during a high signal on the calibrate input pin. See section Calibra-

tion for details.

2 RESET IN
The ENCODER INTERFACEMODULE is hold in reset-state during a

high signal on the reset input pin. See section Fault Indication for

details.

3 — — Not connected

4 GND Power Ground

5 A+ Out ABZ output A+

6 B+ Out ABZ output B+

7 Z+ Out ABZ output Z+

8 PD In Do not connect.

9 ERROR Out
A faulty condition is indicated by a low signal on the error output

pin. The error state is additionally signaled by the error LED. For

more details see section Fault Indication.

10 SCL In
METIRIO encoder TWI clock signal. The signal is buffered and

passed to the encoder interface.

11 SDA I/O
METIRIO encoder TWI data signal. The signal is buffered and

passed to the encoder interface.

12 A- Out ABZ output A-

13 B- Out ABZ output B-

14 Z- Out ABZ output Z-

15 Vin Power ENCODER INTERFACEMODULE DC power supply

Table 5. Pin assignment of the host interface (D-SUB 15 male connector)
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ENCODER INTERFACE MODULE V2

Encoder interface pin description

The optical encoder is connected with a D-SUB 15 connector to the ENCODER INTERFACEMODULE . The pin

assignment is shown in figure 6 and specified in table 6.

Figure 6. Pin assignment of theMETIRIO encoder interface (D-SUB 15 female connector)

Pin-number Signal Direction Comment

1 — — not connected

2 — — not connected

3 — — not connected

4 GND Power Encoder ground

5 Sin+ In Encoder output SIN+

6 Cos+ In Encoder output COS+

7 Ref+ In Encoder output REF+

8 PD Out Encoder power down

9 — — not connected

10 SCL Out Encoder TWI clock

11 SDA I/O Encoder TWI data

12 Sin- In Encoder output SIN-

13 Cos- In Encoder output COS-

14 Ref- In Encoder output REF-

15 VSensor Power Encoder DC power supply

Table 6. Pin assignment of theMETIRIO encoder interface (D-SUB 15 female connector)
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ENCODER INTERFACE MODULE V2

Factory Configuration

Interpolation

factor - I [bit]

Maximumsine/cosine input

frequency - fin [kHz]

Maximum displacement

velocity - vmax [mm/s]
Resolution per AB

increment 2 - R [nm]

4 500 1 10000 1 1250

5 500 1 10000 1 625.0

6 500 1 10000 1 312.5

7 370 7400 156.3

8 185 3700 78.13

9 92.8 1855 39.06

10 46.4 927 19.53

11 23.2 463 9.766

12 11.6 231 4.883

13 5.79 115 2.441

14 2.89 57.9 1.221

15 1.45 28.9 0.610

16 0.725 14.5 0.305

Table 7. Maximum input frequencies for different resolutions at output frequency limit fmax,A,B = 12.5 MHz.

Interpolation

factor - I [bit]

Maximumsine/cosine input

frequency - fin [kHz]

Maximum displacement

velocity - vmax [mm/s]
Resolution per AB

increment 2 - R [nm]

4 500 1 10000 1 1250

5 296 5930 625.0

6 148 2960 312.5

7 74.2 1480 156.3

8 37.1 742 78.13

9 18.5 371 39.06

10 9.27 185 19.53

11 4.63 92.8 9.766

12 2.31 46.4 4.883

13 1.16 23.2 2.441

14 0.58 11.6 1.221

15 0.29 5.80 0.610

16 0.14 2.90 0.305

Table 8. Maximum input frequencies for different resolutions at output frequency limit fmax,A,B = 2.5 MHz.

1
METIRIO Encoders are limited to 500 kHz bandwidth and 10 m/s displacement velocity. Tests with higher

frequencies have not yet been performed.
2Values are rounded. To avoid rounding errors, refer to the user manual for proper equations.

Order code

EC-IM-V2.0-ABZ-R04 ... R16-2.5 / 12.5

The R-value R04 ... R16 indicates the desired interpolation factor given in bit.

The last value (2.5 or 12.5 MHz) indicates the desired output frequency limit in MHz.
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Contact

Germany

SmarAct Metrology

GmbH & Co. KG

August-Wilhelm-Kuehnholz-Str. 1

D-26135 Oldenburg

Germany

T: +49 441 - 800 879 0

Email: metrology@smaract.com

www.smaract.com

France

SmarAct GmbH

Schuette-Lanz-Strasse 9

26135 Oldenburg

Germany

T: +49 441 - 800 879 956

Email: info-fr@smaract.com

www.smaract.com

USA

SmarAct Inc.

2140 Shattuck Ave. Suite 302

Berkeley, CA 94704

United States of America

T: +1 415 - 766 9006

Email: info-us@smaract.com

www.smaract.com

China

Dynasense Photonics

6 Taiping Street

Xi Cheng District,

Beijing, China

T: +86 10 - 835 038 53

Email: info@dyna-sense.com

www.dyna-sense.com

Natsu Precision Tech

Room 515, Floor 5, Building 7,

No.18 East Qinghe Anning

Zhuang Road,

Haidian District

Beijing, China

T: +86 18 - 616 715 058

Email: chenye@nano-stage.com

www.nano-stage.com

Shanghai Kingway Optech

Co.Ltd

Room 1212, T1 Building

Zhonggeng Global Creative Center

Lane 166, Yuhong Road

Minhang District

Shanghai, China

Tel: +86 21 - 548 469 66

Email: sales@kingway-optech.com

www.kingway-optech.com

Japan

Physix Technology Inc.

Ichikawa-Business-Plaza

4-2-5 Minami-yawata,

Ichikawa-shi

272-0023 Chiba

Japan

T/F: +81 47 - 370 86 00

Email: info-jp@smaract.com

www.physix-tech.com

South Korea

SEUM Tronics

# 1109, 1, Gasan digital 1-ro

Geumcheon-gu

Seoul, 08594,

Korea

T: +82 2 - 868 10 02

Email: info-kr@smaract.com

www.seumtronics.com

www.smaract.com | Page 7Specification Sheet - OE-SS00004 - 1.0.6



SmarAct Metrology GmbH & Co. KG develops sophisticated equipment to serve high accuracy positioning and

metrology applications in research and industry within fields such as optics, semiconductors and life sciences.

Our broad product portfolio – from miniaturized interferometers and optical encoders for displacement mea-

surements to powerful electrical nanoprobers for the characterization of smallest semiconductor technology

nodes – is completed by turnkey scanning microscopes which can be used in vacuum, cryogenic or other harsh

environments.

We maintain the complete production in house for a high level of customization so that we can always provide

you the optimal individual or OEM solution. We also offer feasibility studies, measurement services and

comprehensive support to accompany you along your projects.

Headquarters

SmarAct GmbH

Schuette-Lanz-Strasse 9

26135 Oldenburg

Germany

T: +49 441 - 800 879 0

Email: info-de@smaract.com

www.smaract.com

USA

SmarAct Inc.

2140 Shattuck Ave. Suite 302

Berkeley, CA 94704

United States of America

T: +1 415 - 766 9006

Email: info-us@smaract.com

www.smaract.com


