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LA11 and Artos absolute encoders
Connection to different controllers

Abstract: Setting the controller parameters to correctly process the data received
from the encoder system is essential for correct operation. This document describes
the most common controllers and their parameters in order to correctly interpret
the data frames of the LA11 and ARTOS systems. The document also contains
examples based on the part numbering of the encoder system.

The LA11 and Artos are linear absolute systems and are often used as the primary

feedback device in closed loop systems. Artos also supports a partial arc reading
where the scale is installed on the shaft with a partial arc movement.

Related products

LA11 off-axis absolute Artos linear or rotary
magnetic encoder magnetic encoder system


https://www.rls.si/eng/la11-linear-absolute-encoder
https://www.rls.si/eng/catalogsearch/result/?q=artos
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LA11 data frame

BiSS-C

Below, you can see a BiSS C data frame recorded with the oscilloscope. The master communicating with the LA11 is the E201-9S
interface. The PN of the LA11 read head is LA11DCA2DOKA10DAQO (BiSS C, 1 pm resolution). The absolute position read by the

encoder is 47.738 mm.
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Communication settings

The resolution is set to 0.25 ym due to the fixed position of the position field. Only 24 position bits are active for the 1 pm
resolution, thus 2 bits are unused and set to zero. To simplify the setup, the length of the position field is set to 26 bits and the
resolution of the LSB is reduced accordingly to 0.25 pm.
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Artos data frame (DHR, DHL, DBR, DBL)

BiSS C (DHR - Rotary absolute system)

Below you can see a BiSS C data frame recorded with the oscilloscope. The master that communicates with the Artos (DHR read
head) is the E201-9S interface. The PN of the Artos read head is DHR114DC21BAAS10DAQO (BiSS C, 21-bit resolution, compatible
with SAR114 ring). The absolute position read by the encoder is 210.70850°.
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Communication settings

The resolution is set to 21 bits. BiSS C always has 2 status bits and a 6-bit CRC (0x43 - set by default). The status bits are active
low, i.e. if an error or a warning is triggered, the bits switch to the logical zero.

E201 Settings X
Encoder Type
© Linear @ Rotary I™ Distance Coded Ref Mar ‘
Encoder Interface BiSS Frequency
C ssl [T Gray @ BiSS ‘ 2.2 MHz ~
Resolution
¢ Predefined ¢ CustomCPR  Position bits MT Counter
[s152 -] [r2000 1 = =

SSI / BiSS Mode Settings
Padding bits  Status bits atus CRC bits

boaR P HF e

Distance Coded Reference Marks Settings

& Nominal Increment (Periods) C ts Per Perioc

[1000 [ |
€ Basiclncrement K (mm) “Periode Lenght (mm)

2000 @ 2 €5 ‘
¥ Show Referance Marks

Display Unit - Rotary rEnocder Status

 Counts  D°M'S" ¥ Show Encoder Status
@ Degrees ¥ Show Status Colors
™ Signed Multiturn Counter [V Active Status LOW

Direction E201 Interface Status
[~ Invert Direction ‘ I~ Show E201 Status Info ‘

Recording data
[~ Capture positions to a list

[~ Save position to a file every |1 I’ seconds
Cancel

® €201 Er ¥
a R L s )
|‘\N GLE
Status: 11 A RENISHAW: associate company
Ver. 2.4.6 E201-95 V1.20 on COM11 BiSS / 2097152 CPR / 2.2 MHz / 21 bits (Double click to change

Ver. 2.4.6 / E201-95 V1.20

A RENISHAWE associate company
3



APPLICATION NOTE
APP02_01

BiSS C (DHL - Linear absolute system)

Below you can see a BiSS C data frame recorded with the oscilloscope. The master communicating with the Artos (DHL read
head) is the E201-9S interface. The PN of the Artos read head is DHLO0O1DC001AAS10DAO0O (BiSS C, 1 um resolution, compatible
with the linear magnetic absolute scale DS19). The absolute position read by the encoder is 105.248 mm.
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Communication settings

The resolution is set to 1 pm. In contrast to the LA11 BiSS C data frame, the Artos data frame is always shifted to the right so
that there are no padding bits. BiSS C always has 2 status bits and a 6-bit CRC (0x43 - set by default). The status bits are active

low, i.e. if an error or a warning is triggered, the bits switch to the logical zero.
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General note on BiSS-C and SSI communication (valid for Artos system)

In case of an error, the position field is replaced by the detailed status field described in the table on pages 13 and 14 of the
Artos data sheet (DRDO1).

The plot below shows the detailed status in the position field. The read head is in an error state. The detailed status shows
that bits b1, b2, b6, b7 and b11 are active. The table shows that these are decoding and signal lost errors. They indicate the
misalignment between the magnetic scale and the read head.
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Controller’s specific (general)

Binary and decimal resolutions

Some controllers cannot set the binary resolution sufficiently. In many cases, the field in which the resolution is set only supports
3 decimal digits. If the binary resolution of the encoder is 0.244140625, for example, the controller can only accept the value
0.244. This means that we make an error of 0.000140625 pm (or 0.14 nm) with each count. The error accumulates over the linear
travel distance.

Here is an example of a linear travel of 1 m where the error accumulates due to the insufficient resolution setting in the controller.
The selected resolution is 10 bits (1.953125 pm).

The acceptable resolution for the controller is 1.953 pm. The controller cannot accept more than 3 digits after the dot, therefore
0.000125 pm per count is missing ( 0.125 nm).

Plot 1
Shows the interpretation of the position over the linear travel from 0 to 1,000 mm.

Plot 2
Shows the absolute difference between the full resolution and the insufficient resolution setting for the last 5 mm (zoomed in).
The accumulated difference is ~64 pm.

Plot 3

Shows the absolute difference between the full resolution and the insufficient resolution over the entire linear movement of 1
metre. The position difference is close to zero at the beginning, but then accumulates over the course of the linear movement.
At the end of the movement, the difference amounts to ~64 pm.

The solution: Select a decimal resolution, for example 0.1 pm, 0.2 pm, 0.25 pm, 0.5 pm, 1 ym, 2 ym, 5 pm, 10 ym. Not all
resolutions are available for both systems (Artos, LA11).

A RENISHAWE associate company
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Plot 1 Absolute position (the difference is small and therefore cannot be perceived visually)
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Clock frequency setting and ACK timing in BiSS-C

Every encoder system that supports synchronous communication has a specification for the minimum and maximum clock
frequency (in BiSS C - MA frequency). For correct operation, it is essential to set this frequency correctly.

The LA11 system has two options for the maximum clock frequency. The maximum clock frequency is determined by the
number of ACK bits in the BiSS C protocol.

A - Up to 2.2. MHz CLK (ACK = 12 clock periods)
B - Up to 3.5 MHz CLK (ACK = 20 clock periods)

Artos has only one configuration: Up to 5 MHz with 5 ACK clock periods

ACK value and timing in controller settings

The ACK length is interpreted differently by different controllers. As the ACK value of LA11 and Artos is constant (it does not
change during operation), it is easier for the controller to enter a constant value in bits.
However, some controllers require an ACK value to be set in microseconds (us). This requires a simple calculation.

Input data:
- MA frequency - specified by the user (e.g. 3 MHz)
- ACK length data - specified in the LA11/Artos data sheet (i.e. option B described above - 20 clock periods)

ACK length [ps] = 1/MA frequency * ACK length

Example:

ACK length [ps] = 1/3 MHz x 20 = 6.7 ps. The 6.7 ps is a value that must be set in the controller under the ACK timing or
calculation time. This tells the controller how much time the encoder is given to latch, calculate and start transission of the
position. If this value is not set correctly, the controller will not be synchronised with the encoder’s BiSS C and the CRC will fail.

Error and warning handling

Most absolute encoder systems are able to report the status of the position in the form of error and warning bits. The status bits
tell the controller whether the reported position is valid. The cause of an invalid position is, for example, incorrect alignment,
demagnetisation of the magnetic scale, encoder failure, etc.

Setting up the error and warning bits in the controller is essential to ensure safety and correct installation.

Power supply for the encoder (valid for LA11 system)

The power supply of the 5V version of the LA11 must be compensated for longer cables. It is essential that the read head is
supplied with sufficient voltage in order to work correctly. The LA11 read head has sense lines that allow the controller to
automatically recognise the voltage drop. The sense lines are 2 parallel lines that run along the main power supply lines and,
if not connected and isolated, can cause a short circuit and irreversible damage to the encoder system. The sense lines have a
slightly lower voltage potential (reduced by the voltage drop across the cable), so it is essential to connect them correctly or to
insulate them.

An example from the Beckhoff interface for setting up the controller. The LA11 has an option with the sense lines.

[= Power settings
TR T N 2 5V with sense, pin 4 and 2, sense pn 12and 10
- Wat time after power up 0 off N
Connector 1:8V/11V.pn6and 2
& — 2: 5V with sense. pin 4 and 2, sense pin 12 and 10
: : 5V .pin 4
& e 3: 5V without sense, pin 4 and 2

A RENISHAWE associate company
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Typical encoder settings for most common controllers

Beckhoff AX5206

The controller data can be found here: Beckhoff-BiSS information
* Encoder system: LA11DCA2DOKA50DDO00

* BiSS-C interface

* Resolution: 1 um (250 nm when 2 always zero bits are taken into account)

Initial encoder settings in the Beckhoff controller
* Parameter interface — 5; (for BiSS C encoders)
* Bit resolution single turn position — 26
* Bit resolution multiturn position —0

* Number of clock cycles to get a single turn position or absolute position —0

* LinearResolutionAboutDigitalInterface_Numerator_nm — 250 nm

BiS-C mode settings:

+ Sensor mode: Data description

Value Description
0 MSB first, left aligned, multiposition-singleposition-status-crc-mcd
1 MSB first, right aligned, multiposition-singleposition-status-crc-mcd

+» Sensor mode: Number of status bits —2

» Sensor mode: Number of additional data bits— 0
» Sensor mode: Number of CRC bits— 67 (decimal); 43 (hexadecimal)
+ Sensor mode: Number of CRC polynomials — 6
» Sensor mode: Inverted CRC— 1

* Mcd: Not supported by the LA11 system hence the values associated with the Mcd mode are irrelevant and set to zero

+» Sensor mode: timeout time in ys— 20 ps
* Sensor mode: Min clock speed in kHz— 50
*» Sensor mode: Max clock speed in kHz— 2200; (LA11DCA)

* Sensor mode: Max calculation time in ys— 5.45 ps; (12 ACK bits, max clock freq. 2200 kHz)

* Register mode: The LA11 system doesn’t have access to the register mode hence, the values associated with register

mode are set to zero.

+ Position calculation time encoder in ys—5.45 ps; (12 ACK bits, max clock freq. 2200 kHz)

BiSS

Sensor mode: Data description
Sensor mode: Number of status bits
Sensor mode: Number of additional data bits
Sensor mode: Number of CRC bits
Sensor mode: CRC polynomial
Sensor mode: Inverted CRC

Mcd: Type

Mcd: Complete number of data bits
Mcd: Complete number of CRC bits
Med: CRC polynomial

Mcd: Inverted CRC

Sensor mode: Timeout time

Sensor mode: Min. clock speed
Sensor mode: Max. clock speed
Sensor mode: Max calculation time
Register mode: Timeout time
Register mode: Min. clock speed
Register mode: Max. clock speed
Register mode: Max. write time
Register description version number
OEM: Bank number

OEM: Startaddress

OEM: Length in byte

Multi slave support

Pretrigger time encoder to sync
Position calculation time encoder

Msb first, right aligned, m
2 2

0 0

6 6

67 67

1 1
Notype (0 v
0 0

0 0

0 0

0 0
20 us 20 us
50 kHz 50 kHz
2000 kHz 2000 kHz
545 us 545 us
0 us 0 us
0 kHz 0 kHz
0 kHz 0 kHz
0 ms 0 ms

0 0

0 0

0 0

0 0

0 0
0 us 0 us
545 us 545 us



https://infosys.beckhoff.com/english.php?content=../content/1033/ax5000_idn_description/1042460811.html&id=7120622147555410785
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Siemens Sinamics S120 + SME25 module

+  Encoder system: HR162SCOIBAAS10DWO00
+ SSlinterface
. Resolution: 512,000 CPR

General I 10 tags I System constants ITexts

» General

Measuring system -Selec... R S B e R
~ Measuring system details
Encoder type 551 Basic parameterization: E
Power supply
Resolution

Absolute protocol imnn | select encoder type |

551 protocol Yo <Filter>
Gear ratio | measuring g... ﬁlTE 551, Singleturn, 24V N
» Geberauswertung_2 [SM] | O ssl Multitum 2096, 24V

® 55l encoder user-defined (data entry required)

|

The commisioning will be manual due to specifics in the protocol.

| General | 10tags | Systemconstants | Texts
» General I
Measuring system - Selec...

Encoder type 551

¥ Measuring system details

Actual value processing: E Motor encoder assignment @

Power supply

Resolution

Absolute protocol @ rotary
551 protacol o linear
Gear ratio I measuring g...

» Geberauswertung_2 [SM]

< il

| General | 10 tags ! System constants I Texts

» General

Measuring system -Selec... [T
> Measuring system details
Encoder type 551 Actual value processing: EI Motor encoder assignment

Power supply

Resolution
Absolute protocol

Power supply: |5V =]

551 protocol
Gear ratio / measuring g...
» Geberauswertung_2 [SM]

Power supply can be set from 5 to 30 V. Consider a voltage drop over cable. It is recommended to use higher voltages for better
EMC imunity and for voltage compensation when longer cable is used.

A RENISHAW@E associate company
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< I

J General " 10 tags ” System constants ” Texts

» General 5
Resolution

Measuring system - Selec...
~ Measuring system details

Encoder type 551 Actual value processing: @ Motor encoder assignment @
Power supply

Absolute protocol

Pulsesirevolution: |512000

551 protocol
Gear ratio / measuring g...
» Geberauswertung_2 [SM]

Set the resolution of the encoder system. The resolution is defined with the PN HR162SCOIBAAS10DWO0O. The data about the
resolution can be found in the DRDO1 datasheet (Table of available resolutions (DHR readhead with SAR rings). From the same
table we can observe the lenght of the position field - in our case 19 bits. This setting will be used in the last setting window.

Readhead Ring size OD Pole number CPR (bits) Position data length Resolution PN
4,194,304 (22) 22 22B
2,097,152 (21) 21 21B
DHR 162 256 1,048,576 (20) 20 20B
524,288 (19) 19 19B
512,000 19 0IB
< |‘| [
j General | 10 tags | System constants | Texts
» General

Absolute protocol

Measuring system - Selec...
~ Measuring system details

Encoder type 551 Actual value processing: @ Motor encoder assignment @
Power supply
Resolution
R —
Slinad Singleturn resolution: | 512000 Steps
Gear ratio | measuring g... £ 5 =
Multiturn resolution: | 1 Revolution
» Geberauswertung_2 [SM] 2

The encoder configuration does not specify a multiturn counter, hence there a multiturn resolution set to 1.
Singleturn resolution is based on the Siemens configuration the same as the resolution of the encoder -in our case 512,000 CPR.

< [0
|| General [ 10tags [ Systemcomstants | Texts
» General Il - :
Measuring system -Selec... protoco
v Measuring system details
Encoder type 551 Actual value processing: [A|  Motor encoder assignment A |
Power supply
Resolution
Absolute protocol Code: [Binarycode I+ [o[1[2] T [mse e[ [ [ [ 1]
Baud rate: [500 iz
e Position length in bits: [ 19
» Geberauswertung_2 [SM] fFrim o o |
Bits after position: | 18
Bit activation Bit position Logic state
1] . Alarm bit: |20 low active [+]
p T - Emorbit: [19 low active I~
| None |+ Paritybit: [0 even 2l
N | Monoflop time: |20 s | Low level v
Filler bits: [0
F [7] Double transmission

Based on the structure of the SSI protocol on the DHR162 readhead, the configuration is as above.

The clock frequency is max 500 KHz.

The Position lenght (as described above under setting window 4) is 19 bits, followed by 1 error and 1 warning bit. There is no
parity bit present, hence set to “none”.

Bits after position is set to 18 - 1 error, 1 warning and 16 bits of detailed status. The detailed status field is not used in the
Siemens configuration.

Logic states of the error and warning bits are - Active low. The monoflop time is 20 us and the line is kept in a low state.
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Head office

RLS Merilna tehnika d.o.o.

Poslovna cona Zeje pri Komendi T +386 15272100
Pod vrbami 2 E mail@rls.si
SI-1218 Komenda .
Slovenia www.rls.si

Global support

Visit our website to contact your nearest sales representative.

Document issues

Issue Date Page Description
1 2.4.2025 - New document

This product is not designed or intended for use outside the environmental limitations and operating parameters expressly stated on the product’s datasheet. Products are
not designed or intended for use in medical, military, aerospace, automotive or oil & gas applications or any safety-critical applications where a failure of the product could
cause severe environmental or property damage, personal injury or death. Any use in such applications must be specifically agreed to by seller in writing, and is subject to
such additional terms as the seller may impose in its sole discretion. Use of products in such applications is at buyer’s own risk, and buyer will indemnify and hold harmless
seller and its affiliates against any liability, loss, damage or expense arising from such use. Information contained in this datasheet was derived from product testing under
controlled laboratory conditions and data reported thereon is subject to the stated tolerances and variations, or if none are stated, then to tolerances and variations consist-
ent with usual trade practices and testing methods. The product’s performance outside of laboratory conditions, including when one or more operating parameters is at its
maximum range, may not conform to the product’s datasheet. Further, information in the product’s datasheet does not reflect the performance of the product in any appli-
cation, end-use or operating environment buyer or its customer may put the product to. Seller and its affiliates make no recommendation, warranty or representation as to
the suitability of the product for buyer’s application, use, end-product, process or combination with any other product or as to any results buyer or its customer might obtain
in their use of the product. Buyer should use its own knowledge, judgment, expertise and testing in selecting the product for buyer’s application, end-use and/or operating
environment, and should not rely on any oral or written statement, representation, or samples made by seller or its affiliates for any purpose. EXCEPT FOR THE WARRANTIES
EXPRESSLY SET FORTH IN THE SELLER'S TERMS AND CONDITIONS OF SALE, SELLER MAKES NO WARRANTY EXPRESS OR IMPLIED WITH RESPECT TO THE PRODUCT, INCLUDING
ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE, WHICH ARE DISCLAIMED AND EXCLUDED. All sales are subject to seller’s exclusive terms
and conditions of sale which, where the seller is (a) RLS Merilna tehnika d. o. 0., are available at https://www.rls.si/eng/salesterms, (b) Renishaw, Inc., are available at https://
www.renishaw.com/legal/en/--42186, or (c) another person, are available on request, and in each case, are incorporated herein by reference, and are the exclusive terms of
sale. No other terms and conditions apply. Buyer is not authorized to make any statements or representations that expand upon or extend the environmental limitations and
operating parameters of the products, or which imply permitted usage outside of that expressly stated on the datasheet or agreed to in writing by seller.

RLS Merilna tehnika d. o. 0. has made considerable effort to ensure the content of this document is correct at the date of publication but makes no warranties or representa-
tions regarding the content. RLS Merilna tehnika d. o. o. excludes liability, howsoever arising, for any inaccuracies in this document. © 2025RLS d. 0. 0.
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