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The Sensor Kit PAM7941 consists of the 360 degree absolute sensor
module EAM7941 and a two-track axial magnetic disc.

In combination of both components you will get a true-power-on position
measurement system with an resolution up to 21 bit.

By default the module communicates via a SPI-Interface. Other estab-
lished interfaces like SSI or BiSS-C will be optionally available.

Due to it’s axial magnetic disc and the compact, very flat sensor module
the system is ideally suited for use in robot joints or flat motors.

With the proven MR-sensor technology and integrated correction algo-

rithms the PAM7941 is a very robust and reliable solution with a high ac-

curacy and repeatability. Features

= Singleturn absolute

= Up to 21 bit resolution

= Calibration algorithms

= SPI communication interface
= True-power-on

Product Overview

Article Name _ Description = Wide temperature range from
EAM7941USQ-DA-KA Axial 360 degree absolute sensor module -40°C up to +105°C
MWCO0254FAU-KA Magnetic disc with axal magnetization

Quick Overview

Symbol | Parameter min. | typ. | max. Unit Advantages
Vee Supply voltage 4.5 5.0 5.5 \ : V(.ary flat design (axial)
= High accuracy

Ic Current consumption " 70.0 75.0 80.0 mA = Robust and reliable
Resgingie Resolution Singleturn - 21 - bit

Respuri Resolution Mutliturn - 17 - bit

d Working distance 0.2 0.25 0.3 mm

Acc Accuracy - +0.01 - deg

Tamb Operating temperature -40 - +105 °C

) without load
2) after self-calibration routine Applications

= Off-axis applications

= Robotic joints
Block diagramm = Automated Guided Vehicles
= Flat electro motors

Incremental Sensor Signal Communication

Processing Interface

Code Sensor et .
Computing
Configuration

Incremental Track Magnetic Stainless

Tape Steel

Code Track Carrier

Fig. 1: Functional Block Diagramm E i
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Functional Description

Sensor Module

The sensor module uses an incremental sensor and sensor array to determine absolute position information over an angular
range of 360 degree. The sensor array consists of several sensors that read a serial coding of the magnetic measuring scale.
The incremental sensor delivers the fine position and the controller unit of the sensor module calculates the absolute position
information over 360 degree from both sensor information.

Magnetic Disc

The magnetic disc is magnetized with two magnetic tracks with different encoding. The inner track consists of a serial encod-
ing and is an essential part for the formation of the absolute position. The outer track is an incremental magnetization with
alternating north and south poles. This track contributes to the high accuracy of the system.

Special Feature

The signal processing of the sensor system has integrated algorithms that allow automatic adjustment of the sensor parame-
ters. In addition, the system provides an auto-correction algorithm that uses look-up table to dramatically increase the abso-
lute accuracy of the system.

Electrical Data
Tamp = 25°C, Vo = 5.0 V; unless otherwise specified

Symbol | Parameter Conditions min. typ. max. Unit
Ve Supply voltage 4.5 5.0 5.5 \Y
Fspi Position Refresh Rate - 200 - kHz
Fint Samplingrate - 120 - kHz

| Current Vee=5.0V 70.0 75.0 80.0 mA
Top Operating temperature -40 - +105 °C
Tstorage Storage temperature -40 - +105 °C
ESDygm | ESD tolerance according to HBM HBM; 100 pF discharge @1.5 kQ - - 2000 \Y
FIT FIT-Rate - 263 - x10° h
MTTF Mean time to failure at 55° C - 434 - years

Magnetic Data
Tamo = 25°C; unless otherwise specified

Symbol Parameter Conditions min. typ. max. Unit
Hext Field strength - - - kA/m
Npote Number of poles - 254 - -
Lpoie Magnetic Pole length - 0.625 - mm
Tamb Ambient temperature -40 - +105 °C
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Mechanical Data Magnetic Disc " E

T.m = 25°C; unless otherwise specified (@)
Symbol Parameter Conditions min. | typ. | max. | Unit

Magnetic Disc

Dout Outer diameter of the disc - 53.0 - mm
Din Inner diameter of the disc - 30.0 - mm
H Hight of the disc - 2.0 - mm
Vot Rotational speed of the disc - - 10000 min-

) more details in Fig. 4

Mechanical Data Sensor Module 2
Tams = 25°C; unless otherwise specified

Symbol Parameter Conditions min. | typ. | max. | Unit

Sensor Module

Dout Outer diameter of the module - 74.0 - mm
Di, Inner diameter of the module - 36.0 - mm
H Hight of the module - 3.35 - mm
Armech Working distance 0.2 0.25 0.3 mm

2 more details in Fig. 5

Performance Data

Tamp = +25°C, Ve = 5.0 V, unless otherwise specified

Symbol | Parameter Conditions min. typ. max. Unit
Acc Accuracy 3 - +0.01 - deg
Rep Repeatability - +0.002 - deg
Resginge | Resolution Singleturn - 21 - bit
Resyui Resolution Multiturn - 17 - bit
Hys Hysteresis tbd. deg

3) after self-calibration routine

Absolute Maximum Ratings

The ratings do not imply opening conditions; functional operation is not guaranteed. Beyond these values damage may occur.

Symbol | Parameter Conditions min. max. Unit
Vee Supply voltage Referenced to GND -0.3 5.5 Vv
ESDygv | ESD tolerance according to HBM HBM; 100 pF discharge @1.5 kQ - 2000 \Y
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Pinout of the sensor module

Pad Symbol Parameter

1 Voo Supply Voltage

2 GND GND

3 TEMPpp Temperature sensor PIN 1
4 TEMPppo Temperature sensor PIN 2
5 SPlgck SPI Clock

6 SPlsg SPI Slave Select

7 SPlso SPI Slave Out

8 SPlyosi SPI Slave In

Application Information

Fig. 2: Pinout of the sensor module
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When mounting, make sure that the sensors are adjusted

H, <6 mm

Fig. 3: Alignment of the sensormodule and magnetic disc

to fit the respective track on the magnetic disc.
The working distance between the sensor module and the
magnetic disc has a tolerance range of 100 pm.
A total height of less than 6 mm can be realized.
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PAM7941

Dimensions

8x for fasteners M2

I-"+O,DQT\‘
$30,000 H7 |_0,000/
$36,00
@ 53,00 +0,01

1,20

2,00 0,05

Fig.4: Dimensions of MWC0254FAx-KA
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Fig.5: Dimensions of EAM7941
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Performance Graphs

—— With autocalibration —— Without autocalibration
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Fig. 6: Absolute accuracy (unidirectional) with and without autocalibration
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Fig. 7: Absolute accuracy (unidirectional) with autocalibration
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The following chapter describes how the SPI interface is working and how it is possible to receive the position
information of the sensor.

The signal conditioning IC operates in slave mode, so it is not possible to start communication itself.

The interface is compatible to the most typical microcontroller families in SPI mode 0.

SPI-Mode: 0

Clock Phase: 0
sclk 098 196 391 7.82 MHz Clock Polarity: 0
t, min 4 4 4 4 us SS: active low
t min _ - - _ Hs If calibration status or single turn position command is trans-
2 . .
t min : : : - s mitted .to enpoder, the data response will be prepared and
E H transmitted in the next frame. If default SPI output frame
tamin 2 2 2 2 HS should be sent, the actual encoder position is transmitted
f; max 16.3 28.7 47.7 712 kHz within the same transmission.

Fig. 8: SPI transfer

MOSI command frames

Start | CMDO | CMD1 | CMD2 | END CRC Description Return
0x00 0x00 0x00 0x00 0x00 0x00 Default output frame Default
0x42 | Ox10 | Ox00 | Ox00 | OX7E | OxFB éi%%’irntialzgfzg dt jr';dboth"grr:_'"“ear calibration | gyt
0x42 0x11 0x00 0x00 Ox7E 0x66 Trigger linear calibration (and turn it on) Default
0x42 0x12 0x00 0x00 Ox7E 0xDC Turn linear calibration on Default
0x42 0x13 0x00 0x00 Ox7E 0x41 Turn linear calibration off Default
0x42 0x14 0x00 0x00 Ox7E 0xB5 Trigger non-linear calibration (and turn it on) Default
0x42 0x15 0x00 0x00 Ox7E 0x28 Turn non-linear calibration on Default
0x42 0x16 0x00 0x00 Ox7E 0x92 Turn non-linear calibration off Default
0x42 0x17 0x00 0x00 Ox7E O0xOF Untrigger calibration Default
0x42 0x18 0x00 0x00 Ox7E 0x67 Untrigger linear calibration Default
0x42 0x19 0x00 0x00 Ox7E OxFA Untrigger non-linear calibration Default
0x42 0x20 0x00 0x00 Ox7E 0x94 Set zero position Default
0x42 0x21 0x00 0x00 Ox7E 0x09 Calibration status Status
0x42 0x42 0x00 0x00 Ox7E 0x6D Singleturn position (32 bit) Position
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(@]
Bits Description
Bit00 - Bit07 8 Bit CRC
Bit08 Warning, always low (reserved)
Bit09 High, if position is invalid
Bit10 - Bit30 21 Bit Singleturn position, left aligned, MSB first
Bit31 - Bit47 17 Bit Multiturn counter , left aligned, MSB first

Fullscale absolute position

Bits Description
Bit00 - Bit07 8 Bit CRC
Bit08 - Bit15 Reserved
Bit16- Bit47 Singleturn position (32 bit), left aligned, LSB first

Calibration status

Bits Description
Bit00 - Bit07 8 Bit CRC
Bit10 - Bit39 Reserved
Bit40 Linear calibration active
Bit41 Linear calibration triggered
Bit42 Reserved
Bit43 Reserved
Bit44 Non-linear calibration triggered
Bit45 Non-linear calibration triggered
Bit46 Reserved
Bit47 Reserved

Calibration

The encoder calibration consists of a linear calibration which calibrates the internal sensor parameters, e.g. am-
plitude and phase, and a non-linear calibration which minimize position errors caused mainly from magnetic
scale and mounting position.

The calibration is started by triggering the linear and/or non-linear calibration, respectively. After starting the cali-
bration, the pole ring must be rotated at least 360 degrees, while the calibration is running. The calibration stops
automatically when it is completed. For the non-linear calibration a constant speed is required and is also rec-
ommended for the linear calibration. The upper speed limit for calibration is 36 degree per second.

When both calibrations are carried out individually, a linear calibration must have been carried out before the
non-linear calibration is started.

Note, that the calibration can be stopped manually by untrigger the respective calibration. Old calibrations are
not overwritten by this action.
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Additional Information on Ordering Code

EAM7941USQ - DA - KA
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-40°C ... +105C Operating temperature range

Sample Box

5V Supply voltage
Standard

A product specific sensorconfiguration
SPI Interface for use with microcontrollers

21 bit resolution of the position information

Product family 79 and product number 41

Electronic sensor module for abolsute position measurement

MWCO0254FAU - KA

-40°C ... +105C Operating temperature range

Sample Box

Elastomer on metal carrier
Standard geometry

Product specific magnetization

Number of the magnetic poles on incremental track

Magnetic disc with incremental and code track
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General Information

Product Status

Article Status

EAM7941USQ-DA-KA The product is under development.

MWC0254FAU-KA The product is under development.

Note The status of the product may have changed since this data sheet was published. The

latest information is available on the internet at www.sensitec.com.

Disclaimer

Sensitec GmbH reserves the right to make changes, without notice, in the products, including software, de-
scribed or contained herein in order to improve design and/or performance. Information in this document is be-
lieved to be accurate and reliable. However, Sensitec GmbH does not give any representations or warranties,
expressed or implied, as to the accuracy or completeness of such information and shall have no liability for the
consequences of use of such information. Sensitec GmbH takes no responsibility for the content in this docu-
ment if provided by an information source outside of Sensitec products. In no event shall Sensitec GmbH be
liable for any indirect, incidental, punitive, special or consequential damages (including but not limited to lost
profits, lost savings, business interruption, costs related to the removal or replacement of any products or re-
work charges) irrespective the legal base the claims are based on, including but not limited to tort (including neg-
ligence), warranty, breach of contract, equity or any other legal theory. Notwithstanding any damages that cus-
tomer might incur for any reason whatsoever, Sensitec product aggregate and cumulative liability towards cus-
tomer for the products described herein shall be limited in accordance with the General Terms and Conditions of
Sale of Sensitec GmbH. Nothing in this document may be interpreted or construed as an offer to sell products
that is open for acceptance or the grant, conveyance or implication of any license under any copyrights, patents
or other industrial or intellectual property rights. Unless otherwise agreed upon in an individual agreement Sensi-
tec products sold are subject to the General Terms and Conditions of Sales as published at www.sensitec.com.
The use and/or application of our products in a military end use is explicitly prohibited. In the event of infringe-
ments, we reserve the right to take legal action, including but not limited to the assertion of claims for damages
and/or the immediate termination of the business relationship.
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MAGNETORESISTIVE SENSORS

General Information

Application Information

Applications that are described herein for any of these products are for illustrative purposes
only.Sensitec GmbH makes no representation or warranty — whether expressed or implied — that such applica-
tions will be suitable for the specified use without further testing or modification. Customers are responsible for
the design and operation of their applications and products using Sensitec products, and Sensitec GmbH ac-
cepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the Sensitec product is suitable and fit for the
customer’s applications and products planned, as well as for the planned application and use of customer’s
third party customer(s). Customers should provide appropriate design and  operating
safeguards to minimize the risks associated with their applications and products. Sensitec GmbH does not ac-
cept any liability related to any default, damage, costs or problem which is based on any
weakness or default in the customer’s applications or products, or the application or use by customer’s third
party customer(s). Customer is responsible for doing all necessary testing for the customer’s
applications and products using Sensitec products in order to avoid a default of the applications and the prod-
ucts or of the application or use by customer’s third party customer(s). Sensitec does not
accept any liability in this respect.

Life Critical Applications

These products are not qualified for use in life support appliances, aeronautical applications or devices or sys-
tems where malfunction of these products can reasonably be expected to result in personal
injury.

Copyright © by Sensitec GmbH, Germany

All rights reserved. No part of this document may be copied or reproduced in any form or by any means without
the prior written agreement of the copyright owner. The information in this document is subject to change with-
out notice. Please observe that typical values cannot be guaranteed. Sensitec GmbH does not assume any lia-
bility for any consequence of its use.

Changelist

Version Description of the Change Date
PAM7941.DSE.03 Include the SPI-interface description 04/2024
PAM7941.DSE.02 Include some more technical data 10/2023
PAM7941.DSE.01 Change from target spec to real values 08/2023
PAM7941.DSE.00 Original (pp. 1-6) 04/2023

Sensitec GmbH

Schanzenfeldstr. 2 e 35578 Wetzlar ¢ Germany

Tel +49 (0) 6441 5291-0 » Fax +49 (0) 6441 5291-117
sensitec@sensitec.com ® www.sensitec.com
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