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Warranty Statement

SOC Robotics warrants that the Product delivered hereunder shall conform to the applicable SOC Robotics Data Sheet or
mutually agreed upon specifications and shall be free from defects in material and workmanship under normal use and
service for a period of 30 days from the applicable date of invoice. Products that are “samples”, “design verification
units”, and/or “prototypes” are sold “AS1S,” “WITH ALL FAULTS,” and without a warranty. If, during such warranty
period, (i) SOC Robotics is notified promptly in writing upon discovery of any defect in the goods, including a detailed
description of such defect; (ii) such goods are returned to SOC Robotics, DDP SOC Robotics facility accompanied by SOC
Robotics Returned Material Authorization form; and (iii) SOC Robotics examination of such goods discloses to SOC
Robotics satisfaction that such goods are defective and such defects are not caused by accident, abuse, misuse, neglect,
alteration, improper installation, repair, improper testing, or use contrary to any instructions issued by SOC Robotics.
SOC Robotics shall (at its sole option) either repair, replace, or credit Buyer the purchase price of such goods. No goods
may be returned to SOC Robotics without SOC Robotics Returned Material Authorization form. Prior to any return of
goods by Buyer pursuant to this Section, Buyer shall afford SOC Robotics the opportunity to inspect such goods at
Buyer’s location, and any such goods so inspected shall not be returned to SOC Robotics without its prior written consent.
SOC Robotics shall return any goods repaired or replaced under this warranty to Buyer transportation prepaid, and
reimburse Buyer for the transportation charges paid by Buyer for such goods. The performance of this warranty does not
extend the warranty period for any goods beyond that period applicable to the goods originally delivered.

THE FOREGOING WARRANTY CONSTITUTES SOC ROBOTICS EXCLUSIVE LIABILITY, AND THE EXCLUSIVE
REMEDY OF BUYER, FOR ANY BREACH OF ANY WARRANTY OR OTHER NONCONFORMITY OF THE GOODS
COVERED BY THIS AGREEMENT. THIS WARRANTY IS EXCLUSIVE, AND IN LIEU OF ALL OTHER
WARRANTIES. SOC ROBOTICS MAKES NO OTHER WARRANTIES, EXPRESS, IMPLIED, OR STATUTORY,
INCLUDING WITHOUT LIMITATION ANY WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE. THE SOLE AND EXCLUSIVE REMEDY FOR ANY BREACH OF THISWARRANTY SHALL
BE ASEXPRESSLY PROVIDED HEREIN.

Limitation on Liability

Notwithstanding anything to the contrary contained herein, SOC Robotics shall not, under any circumstances, be liable to
Buyer or any third parties for consequential, incidental, indirect, exemplary, special, or other damages. SOC Robotics total
liability shall not exceed the total amount paid by Buyer or SOC Robotics hereunder. SOC Robotics shall not under any
circumstances be liable for excess costs of re-procurement.

© Copyright 2013. SOC Robotics, Inc. All rights  reserved.

SOC Robotics, Inc. makes no warranty for the usisgbroducts, other than those expressly containgde Company’s standard
warranty, which is detailed in SOC Robotics Terarsd Conditions located on the Company’s web site Company assumes no
responsibility for any errors which may appeartis tlocument, reserves the right to change dewicepecifications detailed herein
at any time without notice, and does not make amymitment to update the information contained mmerdihe Company in

connection with the sale of SOC Robotics productsty no licenses to patents or other intellectwaperty of SOC Robotics,

expressly or by implication. SOC Robotics produats not authorized for use as critical componentifé support devices or
systems.

Marks bearings and/or™ are trademarks of SOC Robotics, Inc.
Terms and product names in this document may blernarks of others.

1935A-08/00/5M
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MS23SL Components

1.0 Introduction

Quadrature
QOutput Port A

ATtinyd5 Processor

Features

e 2 micron linear magnetic position sensor
e 0.4 micron PWM output

e 0.4 micron serial output

e 2 dual optical limit switches

e Limit switches mounted on top

* Linear Position Sensor mounted on bottom o i
e On board limit switch processor with smart bus su Switer Fort Erogranming
e LED power indication

e 3.3V or 5V operation (component set)
e Dimensions: 1.37x0.61 inch

Dual Optical Limit
Switch B

Dual Optical
Limit Switch A

Overview "oy it
The MS23SL is a high performance sensor that Q0 0
. = . " (<) Cop@right 2011

combines a Magnetic Linear position measurement ]

sensor with 2 micron Quadrature resolution (or

0.4 micron Serial or 0.4 micron PWM position output) with two dual optical interruptible limit
switches monitored by an on board processor. The MS23 is a version of the MS23SL without
limit switches. Integrating limit switches with the linear position sensor eliminates the need to

wire separate limit switches.

J

o
oOC Robotics. Inc.

Linear Position Sensor

All three output formats are available on connector J1. The 2 micron (0.000078740in) quadrature
output tracks linear moves at speeds up to 0.65m/sec while the 0.4 micron (0.000015748in)
PWM/Serial output can track at 2.3m/sec. The sensor typically lies 0.3-0.5mm (0.012-0.020in)
above a magnetized Imm dipole magnetic strip. The MS23SL uses the Austria Microsystems
AS5311 magnetic linear position sensor.

Dual Limit Switch Sensors

Two dual optical interruptible limit switches are monitored by an on board processor that signals
when either sensor is interrupted. Each limit switch has two IR transmitter/receiver pairs
allowing the sensor to know in which direction it is being interrupted. The processor supports
several modes of operation including simple interrupt indication (active high or low) whenever
any of the four optical paths are interrupted or a one-wire like communicates mode that allows a
host control processor to interrogate the MS23SL to see which of the four sensors was
interrupted. The processor supports a party line communication protocol allowing two or more
MS23SLs to exist on a single wire harness.

MS23SL Components

Quadrature

Qutput Port A
v

Dual Optical
Limit Switch A

ATtiny45 Processor

Dual Optical Limit
Switch B

Quadrature/Limit
Switch Port B

Limit Switch!
Programming
Port

© Copyright 2013.

SOC Robotics, Inc. 4

Manual Rev 0.90
April 2013



S@C

MS23SL Technical Reference Guide

2.0 MS23SL Detailed Description

2.1 Connector Pin Assignments

The MS23SL has three interface connectors - quadrature output (J3), limit switch output (J2) and
a quadrature/limit switch output (J1). The combined output (J3) also supports the linear sensor’s
Serial/PWM output formats.

MS23SL Connector Pin Assignment

Limit A Limit B

2.2 Linear Position Sensor

The linear magnetic sensor is mounted on the bottom of the PCB. This sensor must be located
0.3-0.5mm above a specially magnetized strip of Imm dipoles. The sensor breaks the 1mm dipole
into 4096 individual increments yielding a 0.4 micron resolution and outputs the absolute
location within each dipole by this amount on the serial and PWM outputs. The quadrature
output adds hysteresis reducing the effective resolution from 0.4 micron to 2 micron.

Fly height 0.3-0.5mm H

al Q
0,224,100 ; ° 0.@
!HHI!U!_

0.23410.100 I‘ }
- o

magnet
strip
cartier

it
N

=

07701 £0.150
1002041

The maximum resolution of the sensor is output in Serial and PWM modes yielding a resolution
of 0.4micron (0.000015748in). Both outputs are not output in real time. PWM output is updated
at a 244Hz rate while the serial output can be updated at a 10.4KHz rate. The serial interface
requires a host controller to provide CLK to the device. The quadrature output has a resolution of

© Copyright 2013. SOC Robotics, Inc. 5 Manual Rev 0.90
April 2013
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2micron (0.00007940) and is output in real time. For quadrature (incremental) output the CSN
pin must be held low (pull down resistor is on the board so can be left unconnected).

Quadrature position information is available on outputs J1 and J3. Quadrature, serial and PWM
outputs are available on J1 along with limit switch output.

]

absolute outout <0 ... 409510 .. masi 0. 4@%5
I

PWhoutput = 1. 4087us VORI I OO € RUOPOR I 6

25 puises | wewmuuamnmmuummmmmumummwummm
B 2% puses | poe sar L. R S AL L. 1

A+B = 1024 steps | paleﬁa ; { ! !
Index : 1 pulse / polepair | I 1 f

!

Typical magnet strip mounted on linear actuator is shown below with the magnetic strip to the
right.

© Copyright 2013. SOC Robotics, Inc. 6 Manual Rev 0.90
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Quadrature Output Format
Typical quadrature output signal format is shown below
/"- Kzchanizal Mechanica
Incremental outputs ) WSO g | 7
= %E Cnangs
Y R ]
B * Ty |
Index=0 — p—
1L58 Hyst =
— 2158
Indlex
can Movemenit right to left WMovement [ef toright
|
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tncmesial cuputs ek

Serial Output Format
Typical serial output format is shown below (see datasheet for detailed technical description).

CSn uEs
lowx e Towsz loae
{ ¢ 1
CLK t ] I
& ! {
00 Ry i ] o1t
o Angular Postion Data Status Biis ot
PWM Output . Position PWan
Typical PWM output format is ole
shown on the right (see datasheet 0um '
for detailed technical information). (Pos 0)
THHTHI b
ps 4098 ys
PWsax R
1998 Sum
{Pos 4085) . NI
LT T
4087 us
” 1fpuy >
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The AS5311 requires approximately 26ma at the rated voltage. Consult the AS5311 datasheet for
detailed technical information on chip operation.

2.3 Smart Limit Switch Sensors

Two dual optical interruptible limit switches are monitored by an on board processor that signals
when either sensor is interrupted. Each limit switch has two IR transmitter/receiver pairs
separated by 0.8mm allowing the sensor to know in which direction it has been interrupted.
Components mounted on the PCB are low enough to allow an interruption device to pass
through the length of the MS23SL allowing intermediate home positions to be defined along the
length of travel between each end of the actuator.

MS23SL Components

Quadrature
Qutput Port A ATtiny45 Processor

Dual Optical
Limit Switch A

Dual Optical Limit
Switch B
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QuadraturefLimit Limit Switch/
Switch Port B Programming
Port
0.8 25" 1.5
.8+005 8
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e o~
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Dimensions in mm.
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Processor Operation

The MS23SL has an 8 bit Atmel ATtiny45 processor that monitors the state of the limit switches.
The processor supports several modes of operation including simple interrupt monitoring
whenever any of the four optical paths are interrupted (active high or low) or a one-wire like
communications mode that allows a host control processor to interrogate the MS23SL to see
which of the four sensors was interrupted. The processor supports a party line communication
protocol allowing two or more MS23SL’s to exist on a single wire harness.

Protocol TBD.

2.4 Selecting Device Operating Voltage

The AS5311 can be powered from a 3.3VDC or 5VDC source - the board must be configured for
the correct voltage source. If powered by 5V component R2 must be replaced by a 2uF 805
surface mount capacitor mounted as shown in the picture below on the right. If powered at 3.3V
a OR surface mount resistor is installed at R2.

Setting 3.3V or 5V Operation

Voltage R2
3.3V 0R R2 location
5V 2uF Both parts 805 SMD
E;ZSIN;_Q R &f Ldpp W
-] € &

¥ u o
5 .

iy ﬂl%j} nr’?
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3.0 Software and Applications

3.1 Linear Position Sensor

The linear position sensor outputs position as a quadrature signal, serial position or PWM
position. Quadrature information is incremental with an index pulse every 4096 transitions in
one direction. The serial and PWM output is the absolute position within each Imm dipole
magnet (broken down into 4096 individual positions). Host software must convert the
incremental and absolute position into English or Metric position by keeping track of the
incremental changes or transitions across absolute positions and apply a conversion factor to
yield inch or metric absolute position.

The Quad6X six channel quadrature decoder can convert the output from up to six MS23SL
sensors into absolute position (English or metric). The Quad6X has a USB interface and
communications with the desktop via a serial communication protocol. The Quad6X also
supports the MS23SL’s smart limit switch protocol.

Quad6X Connector Pin Assignment

C Axis

B Axis
USB 2.0

A Axis
GND
AUXIO
ss2
sst
miso 0| ,
wosin| ||O
SCKIN
vDD

Z Axis

Y Axis

X Axis

3.2 Smart Limit Switch Protocol

The onboard processor supports a bi-directional communication protocol with a host control
processor. The communication line is a 3.3V or 5V open collector part line bus using a single line.
Data is encoded as one start bit, 8 data bits, 1 stop bit at a 38,400 baud rate. The host controller is
considered the master with the MS255SL a slave. The protocol is similar to 12C in that up to 128
unique MS25SL’s can exist on a single bus. An address of 0 is considered the broadcast address.
The host controller sends and address byte followed by a read or write (similar to the 12C
communication format).

A MS25SL has two optical interrupt detectors with two sensors per interrupter for a total of four
optical sensors. The onboard processor is monitoring the state of these sensors based on settings
sent to it by the master controller.

All commands start with printable ASCII characters.

3.3 Magnetic Strip Configuration Options

The MS23SL determines linear position by accurately measuring the position over a Imm dipole
magnetic strip to a resolution of 1 in 4096 yielding an inherent resolution of 0.4 micron. The
magnet strip is 0.375” wide by 0.068” high (including sticky back tape). The magnetic strip is
provided in various lengths.

© Copyright 2013. SOC Robotics, Inc. 10 Manual Rev 0.90
April 2013
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The magnetic strip is provided as a standalone strip with sticky backed tape or mounted on an
aluminum strip. The aluminum strip is available in two thicknesses - 0.125” and 0.200” and is
one inch wide with a 0.378”x0.068” slot milled in the center of the strip so that the magnetic strip
is flush with the top of the aluminum.

© Copyright 2013. SOC Robotics, Inc. 11 Manual Rev 0.90
April 2013
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Electrical and Mechanical Description

Component Layout
Components are mounted on one side of the board.

sty

No oo (v)
m3a[__Jes oy tgPu

EL2

Electrical Specifications

Electrical
Logic Power: 3.3V or 5V DC

Mechanical
Dimensions: 1.70 x 0.61in
Weight: 20 grams

Mechanical Dimensions
Board dimensions are stated in inches.
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MS23SL Circuit Schematic
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Notes:
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