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1 INTRODUCTION

1.1 Scope of this document

SmarAct Metrology provides different types and categories of scales which are compatible with
METIRIO encoders. This document gives a guided overview over the available scales. Not every
parameter of a scale is combinable with any other. Therefore, the available combinations are
given in tabular overviews for each category of scales. This document can be seen as a catalog of
available scales with additional technical descriptions.

1.2 Terms and definitions

Optical centerline  Track separation line (TSL)

Incremental track Reference track

Reference track
Incremental Track

@}"5/' Track separation line

TThickness.

Figure 1.1: General parameters of optical scales

In general, two types of scales are distinguished: linear scales and rotary discs. Each of them
comprises typically at least two tracks with different optical patterns. These patterns are made of
a highly reflective chrome coating on top of the material surface.

The scale accuracy is specified with 5 um/m at room temperature. This value is given by the
coated track pattern. The tolerances of the cutting edges of the bulk material are usually
about 0.1 mm. Therefore, any positional reference of the scales is related to the coated
patterns and not to the cut edges of the material.
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1 INTRODUCTION

The available combinations of length, width and thickness are constrained to certain values for
mechanical stability reasons. For example, scales with a lengths above 100 mm will be broader
and thicker than shorter scales.

Track separation line

\ . Period =20 pm
Duty cycle 50/50

|
I
|
\ |
!
|

Reference mark
Width = 0.5 mm (25 periods) “-___

Figure 1.2: Detailed view of the reference and incremental track pattern

1.2.1 Track patterns

Incremental track: The incremental track pattern is composed of a plurality of equidistant grid
lines along the direction of motion. These lines form a reflective optical interference grating.
The pitch of this grating is always 20 pm.

Reference track: This track comprises at least one reflective rectangular shaped marking, called
reference mark. For single coded tracks, there is only one reference mark at the half length
of the scale indicating the middle travel position. So called distance coded tracks comprise
several of these reference marks distributed unequally along the direction of motion. The
distances between each two neighboring marks are unique and forms code, as shown later
in the document. For example, the distance can increase along the direction of motion. The
code indicates an absolute position along the travel range.

Scales with two tracks comprise one incremental and one reference track of equal width. The track
separation line is in the middle of the scale. Scales with three tracks, on the other hand, have one
incremental track in the middle and two symmetrical (mirrored) reference tracks.

METIRIO Scales - A guided overview - www.smaract.com | Page 5




1 INTRODUCTION

Two tracks Three tracks

reference l

incremental ]
incremental
reference I

reference l

Figure 1.3: Single coded scale with 2 tracks vs. single coded scale with 3 tracks

1.2.2 Scale material

Black glass: This is the standard material available for METIRIO encoders with the best price-
performance ratio for scales up to 100 mm. It consists of blackened NG1 glass and has a
high reflective chrome coating on the top surface. This ensures best optical contrast and
highest possible signal amplitude with METIRIO encoders. This glass has a high opacity,
high temperature resistance and a low coefficient of thermal expansion of about 7 - 1076/K.
These properties make it best suited for attachment to almost any background material. For
technical reasons this glass is available only for dimensions smaller than 300 mm. The price
will increase significantly for dimensions greater than 100 mm.

Transparent glass: For lengths above 300 mm only transparent glass materials are available. The
standard glass materials used here is soda lime glass which is a floated glass material. For
transparent glass the reflectivity and stray properties of the background material onto which
the glass is attached, strongly impacts the signal quality. Furthermore, you might see air
bubbles and smudging of the adhesive material on the signal. Attaching such scales to glossy
or scattering surfaces can even lead to signal distortions or signal loss. Therefore, we only
recommend it for attachment on black anodized or mat sandblasted background material.
Otherwise a backside coating option should be chosen.

Borflorat glass: If a minimum thermal expansion is required for high absolute accuracy of your
displacement measurement, Borflorat glass with a coefficient of 0.5- 10~%/K should be used.
This glass is also transparent.

This material is not part of our standard portfolio, therefore available only on special
request.

1.2.3 Bottom-side coating options

The bottom surface of transparent scales can be coated with different options in order to increase
the signal contrast. Following options are available.

None This option is the standard option for black glass. It should be used with caution for trans-
parent glass, because the signal quality for transparent glass strongly depends on the sur-
face properties of the material onto which the glass is mounted. SmarAct does not guarantee
for a sufficient signal quality in connection with untreated transparent glass.
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1 INTRODUCTION

Adhesive black tape This option is available only for linear scales of transparent soda lime glass.
The tape is a kind of blackened double sided adhesive tape which is attached on the bot-
tom side of the scale. The purpose of this tape is twofold: Firstly, it is adhesive and enables
the customer a very quick and simple mounting of the scale. Secondly, since the tape is
blackened, the optical contrast is slightly increased compared to pure transparent glass, so
that the signal is independent of the background material and surface properties. However,
using this tape has several disadvantages. It has only moderate adhesive properties com-
pared to gluing. Due to the property of instant adhesion, a scale with tape cannot be moved
or removed non-destructively after application. Despite the black color of the tape, signal
distortions due to enclosed air bubbles might be detectable. Furthermore, the tape is not
suited for usage in vacuum environments.

AR coating If perfect signal contrast and UHV compatibility is needed, then black tape cannot be
used. Instead, a high-quality anti-reflection coating (blue chrom: BC) can be applied to the
bottom side. Such coated transparent glass will provide the same signal quality as black glass
regardless of the background surface properties. Yet, this option is available only for lengths
up to 550 due to technical aspects of the coating process. The price of this option is not
competitive to black tape, therefore this option is only used in case of highest requirements
for signal quality.

1.2.4 Rotary scale specifications

! optical centerline

radial from disc center %

resulting in radial fanout

incremental track

reference track

track separation line

Figure 1.4: Main parameters of rotary scales

The main characteristic of rotary scales is the diameter of the optical center line Doc. Due to the
radial fanout of the incremental grating lines, the pitch of the grating is 20 um only along this line.
Since this pitch determines the interference image on the METIRIO readhead, this parameter is
crucial. For the diameter of the track separation line Drs, the following equation holds for all rotary
discs:
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1 INTRODUCTION

Doc = Drs + 1.4 mm. (1.1)

A further crucial parameter of rotary discs is the number of counts per revolution CPR or periods
per 360 degrees, because this number determines the pitch. One incremental period is then
20 um along the arc line. The angle increment is 360° /CPR.

- doc
——— =20 um 1.2
cpr 2OH (1.2)
Please note that the angular resolution of the METIRIO encoder depends on the interpolation of
the periodical signal. As the readhead'’s resolution for 20 um pitch is in the order of 1 nm for linear
scales, it is in the order of 1 udeg for rotary scales.

1.3 Mounting of Scales

Mounting the measuring scale on the designated part of your machine is as easy as any other
mounting process. The easiest way is to place the scale on the intended support surface and
press it with the edge into another intended lateral contact surface. The reflective grid-side of the
scale should face up to the encoder, while the dark side (or uncoated transparent side) should
point downwards to the support surface.

You can apply any adhesive to the contact surfaces or along the edges, if black glass or coated
glass is used. You can freely choose commercially available adhesives according to your demands.

Guide rail
Lateral contact surface

Linear scale

Support surface

Figure 1.5: Schematic example of mounting a scale to a guide rail

There are various possibilities to mount the scales. Linear scales, for example, can be mounted
on the guide rail of your motion system. We recommend providing correspondingly precisely
machined contact surfaces in order to comply with the installation tolerances given in the next
section. For black glass or back side AR coated glass there is no need to pay special attention to
air bubbles or blurred liquid under the glass when adhesive is applied to the support surface. You
might even use double sided adhesive tape.
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1 INTRODUCTION

NOTICE

For transparent glass material please follow the following instructions, since any
j contamination or inhomogeneity might tremendously impact the signal quality

and distort the signal:

*+ Apply adhesive only to the side surfaces or to the edges of the scale. Do
not wet the support surface directly under the transparent glass,

+ Avoid any contamination of the support surface.

+ Even if it is hard to recognize for a transparent scale, which side comprises
the reflective grating, the grating must always face up.

+ Use only black anodized or homogeneously mat dark-colored surfaces.

+ Do not use reflective support surfaces.

Black glass scales

Transparent glass or back side dark coated

Reflective coating
(grating and reference mark)

Transparent
(no coating)

Avoid contamination d

of the background! Contamination (e.g. drops
of glue) is no matter.

Figure 1.6: Avoid any kind of contamination on the background when using transparent scales.

When mounting rotary scales, we recommend to ensure a concentric mounting with an almost
perfect radial run-out smaller than 50 pm. This value refers to the coated pattern structure of
the scales, since the glass edge tolerances (e.g. concentricity) are worse. If the scale is mounted
eccentrically, i.e. with poor eccentricity, fluctuating signal strength during a full revolution is to be
expected.

The sum of all mounting tolerances (scale to the guide rail, run-out and readhead to the scale)
must be kept within the values given in the next section.

For instructions on how to align the METIRIO readhead to scales, please refer to the ME-
TIRIO user manual.
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1 INTRODUCTION

1.4 Order code scheme

SmarAct Metrology Order-Code Scheme with Available Values

OE Series Type Length Wid./Dia. Thickness |Material Ref. Type |Option
Series Option
S |Scales 0 no tape
BC blue chram
T adhesive black Tape
Types
L Linear Referency Type
R Rotary S single mark
distance coded
DA alternating
[o]] distance coded increasing
Length [mm] —
1 30 > Material
50 BG Black Glass
80 SG Floated Soda Lime Glass
100 BF Borflorat (on request)
150 |FE Steel (coming soon)
200
250
300 - Thickness [mm)]
350 T 0.30
400 0.50
450 1.00
500 1.50
600 2.00
700 230
800 3.00
900
1000 »|Width [mm] (linear only)
1100 W 3
1200 6
1300 8
1400
1500 Optical Diameter [mm)]
1600 D 13.04 (2048 CPR)
1700 22.92 (3600 CPR)
1800 38.20 (6000 CPR)
1900 £3.66 (10000 CPR)
2000 95,50 (15000 CPR)
143.24 (22500 CPR)
Typical available length 191.00 (30000 CPR)
are separated by a
stepsize of 50 to 100 mm. Counts per Revolution
But custormn lengths are
also available. The CPR value is not an available
option. It is correlated to the diameter.

Figure 1.7: Order codes for measuring scales

Please note, that not every combination of scale parameters is valid. The available scales
are listed in chapter 3 of this document.
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2 SCALE CATEGORIES

2.1 Category 1a

Scales of category 1a are made of black glass with limited lengths. All scales of this category are
single coded and comprise three tracks.

125

1,25,

Reflective refrence mark

Figure 2.1: Category 1a scale with variable length L

View A

non-reflective

0,50
(25 Perdiods)

Figure 2.2: Detailed View A
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2 SCALE CATEGORIES

2.1.1 Factsheet category 1a

All scales of this category have the following specifications in common. All optical properties are
given with respect to the METIRIO operating wavelength A = 850 nm.

Table 2.1 - Datasheet Cat. 1a scales

Material properties

Bulk material BG: black glass: NG1 ionically colored
Back side coating 0: none (no black tape, no AR coating)
Mass density p 2.47 g/cm?3

Thermal expansion CTE  7.2107%/K

Transmittance T <0.01
Lateral tolerance AL AW £0.1Tmm
Thickness tolerance AT 4+ 0.04 mm

Pattern properties

Number of tracks 3

Reference code S:single

Coating material reflective chrom coating
Reflectance R 0.67

Pattern accuracy 5 um/m

2.1.2 Available scales of category 1a

Table 2.2 - Available Cat. 1a scales, all dimensions in mm

vz T Lo orecase

30.0 0.55 OE-S-L-30x5.0x0.55-BG-S-0
40.0 5.0 0.55 OE-S-L-40x5.0x0.55-BG-S-0
45.0 5.0 0.55 OE-S-L-45x5.0x0.55-BG-S-0
50.0 5.0 0.55 OE-S-L-50%5.0x0.55-BG-S-0
60.0 5.0 0.55 OE-S-L-60x5.0x0.55-BG-S-0
70.0 5.0 0.55 OE-S-L-70x5.0x0.55-BG-S-0
75.0 5.0 0.55 OE-S-L-75x5.0x0.55-BG-S-0
90.0 5.0 0.55 OE-S-L-90x5.0x0.55-BG-S-0
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2 SCALE CATEGORIES

2.2 Category 1b

Scales of category 1b are made of black glass with limited lengths. All scales of this category are
single coded and comprise two tracks.

A

reflective reference mark Track separation line

Figure 2.3: Category 1b scale with variable dimensions
The reference mark pattern is the same as for any Cat. 1 scales (see fig. 2.2).

2.2.1 Factsheet category 1b

All scales of this category have the following specifications in common. All optical properties are
given with respect to the METIRIO operating wavelength A = 850 nm.

Table 2.3 - Datasheet Cat. 1b scales

Material properties

Bulk material BG: black glass: NG1 ionically colored
Back side coating 0: none (no black tape, no AR coating)
Mass density p 2.47 g/cm?

Thermal expansion CTE  7.2-107%/K

Transmittance T <0.01
Lateral tolerance AL, AW £0.1 mm
Thickness tolerance AT 4+ 0.04 mm

Pattern properties

Number of tracks 2

Reference code S: single

Coating material reflective chrom coating
Reflectance R 0.67

Pattern accuracy 5um/m
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2 SCALE CATEGORIES

2.2.2 Available scales of category 1b

Table 2.4 - Available Cat. 1b scales, all dimensions in mm

v L [ | oercode

20.0 0.50 OE-S-L-20x3.5x0.50-BG-S-0
30.0 3.5 0.50 OE-S-L-30%3.5x0.50-BG-S-0
40.0 3.5 0.50 OE-S-L-40%3.5x0.50-BG-S-0
45.0 3.5 0.50 OE-S-L-45%3.5x0.50-BG-S-0
50.0 3.5 0.50 OE-S-L-50%3.5x0.50-BG-S-0
60.0 3.5 0.50 OE-S-L-60x3.5x0.50-BG-S-0
70.0 3.5 0.50 OE-S-L-70%3.5x0.50-BG-S-0
75.0 3.5 0.50 OE-S-L-75%3.5x0.50-BG-S-0
80.0 3.5 0.50 OE-S-L-80%3.5x0.50-BG-S-0
90.0 3.5 0.50 OE-S-L-90%3.5x0.50-BG-S-0
105.0 3.5 0.50 OE-S-L-105x3.5x0.50-BG-S-0
110.0 3.5 0.50 OE-S-L-110x3.5x0.50-BG-S-0
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2 SCALE CATEGORIES

2.3 Category 1c

Scales of category 1c are made of black glass with limited lengths. All scales of this category are
distance coded of type increasing and comprise two tracks.

0,50

Track separation line

Reflective reference mark

3,50

1 oafr s s s 10

Figure 2.4: Category 1c scale with variable dimensions

Explanation of increasing distance code: The reference track comprises several reference marks
with increasing neighbor-distance distributed over the entire length of the scale (figure 2.4). The
first reference mark (index 0) indicates the absolute position zero. This reference mark has an
offset of about 1.8 - 2 mm to the left edge of the scale. Since the tolerance of the cutting edges
AL are quite high, this offset is variable. The absolute position is indicated by the reference marks
themselves, not by the edges of the glass. The second reference mark (index 1) has a distance of
1.50 to the first one. Then the distance between two neighbors will increase with each number by
one period of the incremental track, i.e. 0.02 mm. Hence the distance between two neighbors is
unique along the entire length of the scale.

Table 2.5: Definition of distance code increasing

m absolute position [mm] | distance to previous [periods] | distance to previous [mm]
0.0 0

0 0.00
1 1.50 75 1.50
2 3.02 76 1.52
3 4.56 77 1.54
4 6.12 78 1.56
5 7.70 79 1.58
6 9.30 80 1.60
and so on

The pattern of one particular reference mark is the same as shown in fig. 2.2.
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2 SCALE CATEGORIES

2.3.1 Factsheet category 1c

All scales of this category have the following specifications in common. All optical properties are
given with respect to the METIRIO operating wavelength A = 850 nm.

Table 2.6 - Datasheet Cat. 1c scales

Material properties
Bulk material

Back side coating

Mass density p
Thermal expansion CTE
Transmittance T
Lateral tolerance AL, AW
Thickness tolerance AT

Pattern properties

Number of tracks
Reference code

Coating material

Reflectance R
Pattern accuracy

METIRIO Scales - A guided overview -

BG: black glass: NG1 ionically colored
0: none (no black tape, no AR coating)
2.47 g/cm?3

7.2-1075/K

<0.01

£ 0.1 mm

+ 0.04 mm

2
DI: distance code increasing

reflective chrom coating

0.67
5um/m
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2 SCALE CATEGORIES

2.3.2 Available scales of category 1c

Table 2.7 - Available Cat. 1c scales, all dimensions in mm

v Lo s | ordrcoe

20.0 0.50 OE-S-L-20x3.5x0.50-BG-DI-0
30.0 3.5 0.50 OE-S-L-30x3.5x0.50-BG-DI-0
40.0 3.5 0.50 OE-S-L-40x3.5x0.50-BG-DI-0
45.0 3.5 0.50 OE-S-L-45x3.5x0.50-BG-DI-0
50.0 3.5 0.50 OE-S-L-50%3.5x0.50-BG-DI-0
60.0 3.5 0.50 OE-S-L-60x3.5x0.50-BG-DI-0
70.0 3.5 0.50 OE-S-L-70x3.5x0.50-BG-DI-0
75.0 3.5 0.50 OE-S-L-75x3.5x0.50-BG-DI-0
80.0 3.5 0.50 OE-S-L-80x3.5x0.50-BG-DI-0
90.0 3.5 0.50 OE-S-L-90x3.5x0.50-BG-DI-0
105.0 3.5 0.50 OE-S-L-105x3.5x0.50-BG-DI-0
110.0 3.5 0.50 OE-S-L-110x3.5x0.50-BG-DI-0
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2 SCALE CATEGORIES

2.4 Category 2

Scales of category 2 are made of black glass with lengths up to 275 mm. The thicknesses and
widths of these scales are greater for greater lengths, due to mechanical stability reasons. All
scales of this category are single coded and comprise two tracks.

I

A

reflective reference mark Track separation line

Figure 2.5: Category 2 scale with variable dimensions

The reference mark pattern is the same as for any Cat. 1 scales (see fig. 2.2).

2.4.1 Factsheet category 2

All optical properties are given with respect to the METIRIO operating wavelength A = 850 nm.

Table 2.8 - Datasheet Cat. 2 scales

Material properties

Bulk material BG: black glass: NG1 ionically colored
Back side coating 0: none (no black tape, no AR coating)
Mass density p 2.47 g/cm?3

Thermal expansion CTE  7.2-107%/K

Transmittance T < 0.01
Lateral tolerance AL AW £0.1Tmm
Thickness tolerance AT 4+ 0.04 mm for 0.5 mm

+ 0.1 mm for 1 to 2.3 mm
Pattern properties

Number of tracks 2

Reference code S:single

Coating material reflective chrom coating
Reflectance R 0.67

Pattern accuracy 5 um/m
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2 SCALE CATEGORIES

2.4.2 Available scales of category 2

Table 2.9 - Available Cat. 2 scales, all dimensions in mm

Lo Lo s | oriercode

100.0 0.50 OE-S-L-100x5.0x0.50-BG-S-0
125.0 5.0 1.00 OE-S-L-125x5.0x1.00-BG-S-0
150.0 5.0 1.00 OE-S-L-150x5.0x1.00-BG-S-0
175.0 5.0 1.00 OE-S-L-175x5.0x1.00-BG-S-0
200.0 5.0 1.50 OE-S-L-200x5.0x1.50-BG-S-0
225.0 5.0 1.50 OE-S-L-225x5.0x1.50-BG-S-0
250.0 8.0 2.30 OE-S-L-250x8.0x2.30-BG-S-0
275.0 8.0 2.30 OE-S-L-275x8.0x2.30-BG-S-0
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2 SCALE CATEGORIES

2.5 Category 3

Scales of category 3 are made of soda lime glass (float glass) with lengths from 300 mm up to
550 mm, since black glass is not available for longer scales. Because soda lime glass is transparent,
a high-quality absorbing coating of dark blue chrom is applied to the bottom side, in order to
darken the scale. Hence, the optical appearance and properties of these scales are quite similar
to scales made of black glass, although the material and the manufacturing process are different.

Scales of this category are more expensive than Cat. 1 and 2 scales, due to a different process for
pattern-manufacturing and different raw material manufacturing. All scales of this category are
single coded and comprise two tracks as seen in fig. 2.6.

L

wi2
I

A

w2

reflective reference mark Track separation line

Figure 2.6: Category 3 scale with variable dimensions

The reference mark pattern is the same as for Cat. 1 scales (see fig. 2.2).
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2 SCALE CATEGORIES

2.5.1 Factsheet category 3

All optical properties are given with respect to the METIRIO operating wavelength A = 850 nm.

Table 2.10 - Datasheet Cat. 3 scales
Material properties

Bulk material SG: soda lime glass (transparent float glass)

Back side coating

Reflectance AR coating R
Mass density p
Thermal expansion CTE
Transmittance T
Lateral tolerance AL, AW
Thickness tolerance AT
Pattern properties

Number of tracks

Reference code

Coating material

Reflectance R

Pattern accuracy

BC: (blue chrom anti reflection)
<0.05

2.49 g/cm?3

9.4 -107%/K

0.9

+ 0.1 mm
+ 0.1 mm

2
S:single
reflective chrom coating

0.67
5pum/m
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2 SCALE CATEGORIES

2.5.2 Available scales of category 3

Table 2.11 - Available Cat. 3 scales, all dimensions in mm

300.0 10.0 2.30 OE-S-L-300x10.0x2.30-SG-S-BC
325.0 10.0 2.30 OE-S-L-325x10.0x2.30-SG-S-BC
350.0 10.0 2.30 OE-S-L-350%x10.0x2.30-SG-S-BC
375.0 10.0 2.30 OE-S-L-375x10.0x2.30-SG-S-BC
400.0 10.0 2.30 OE-S-L-400x10.0x2.30-SG-S-BC
425.0 10.0 2.30 OE-S-L-425x10.0x2.30-SG-S-BC
450.0 10.0 2.30 OE-S-L-450%10.0x2.30-SG-S-BC
475.0 10.0 2.30 OE-S-L-475x10.0x2.30-SG-S-BC
500.0 10.0 2.30 OE-S-L-500%10.0x2.30-SG-S-BC
525.0 10.0 2.30 OE-S-L-525x10.0x2.30-SG-S-BC
550.0 10.0 2.30 OE-S-L-550%x10.0x2.30-SG-S-BC
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2 SCALE CATEGORIES

2.6 Category 4

Scales of category 4 are made of transparent soda lime glass with lengths up to 2000 mm. The
manufacturing process is optimized for long scales but with greater dimensional tolerance and
a little lower optical quality compared to previous scales. The only available bottom side coating
option is adhesive black tape, which is not comparable in quality with an AR coating. But on the
other hand the adhesive tape enables simple mounting.

All scales of this category are distance coded of type alternating and comprise two tracks.

L

I

Track separation line

Reflective refrence marks

Figure 2.7: Category 4 scale with variable dimensions

Explanation of alternating distance code: The first reference mark (index 0) indicates the ab-
solute position zero. This reference mark has a variable offset to the left edge of the scale, since
the tolerance of the cutting edges AL are quite high. The absolute position is indicated by the
reference marks themselves, not by the edges of the glass. The distance between the odd index-
numbers is always 20.00 mm, while the distance between the even numbers is always 20.02 mm.
In conclusion the distance between two neighbors (an odd with an even number) will vary and will
be unique over the entire length of the scale. The advantage of this code is, that there is no large
gap between two neighbors even for very long scales up to several meters.

Table 2.12: Definition of distance code alternating

m absolute position [mm] | distance to previous [periods] | distance to previous [mm]
0 0 0

0

1 10.00 500 10.00
2 20.02 501 10.02
3 30.00 499 9.98
4 40.04 502 10.04
5 50.00 498 9.96
6 60.06 503 10.06
7 70.00 497 9.94
8 80.08 504 10.08

and so on

The pattern of one particular reference mark is the same as shown in fig. 2.2.
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2.6.1 Factsheet category 4

2 SCALE CATEGORIES

All optical properties are given with respect to the METIRIO operating wavelength A = 850 nm.

Table 2.13 - Datasheet Cat. 4 scales

Material properties
Bulk material

Back side coating
Mass density
Thermal expansion

Transmittance
Length tolerance
Width tolerance
Flatness

Thickness tolerance
Pattern properties

Number of tracks
Reference code

Coating material

Reflectance
Pattern accuracy

CTE

AL
AW

AT

2.6.2 Available scales of category 4

SG: soda lime glass (transparent float glass)
0, T: none or tape (adhesive and black)

N/A

8.3-107%/K

N/A

4+ 2.0 mm

4+ 0.1 mm

up to 100 pm/m

4+ 0.2 mm

2
DA: distance coded alternating
reflective chrom coating

N/A
5um/m

Table 2.14 - Available Cat. 4 scales, all dimensions in mm

CLengih T Wi | Thickness |~~~ ordercode

Scales without bottom side option

500.0 10.0
600.0 10.0
700.0 10.0
800.0 10.0
900.0 10.0
1000.0 10.0
1100.0 10.0
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2.00
2.00
2.00
2.00
2.00
2.00
2.00

OE-S-L-500x10.0x2.00-SG-DA-0
OE-S-L-600x10.0x2.00-SG-DA-0
OE-S-L-700x10.0x2.00-SG-DA-0
OE-S-L-800x10.0x2.00-SG-DA-0
OE-S-L-900x10.0x2.00-SG-DA-0
OE-S-L-1000x10.0x2.00-SG-DA-0
OE-S-L-1100x10.0x2.00-SG-DA-0

Continued on next page



2 SCALE CATEGORIES

Table 2.14 - Continued from previous page

CLengih Wit | Thickness | Ordercode

1200.0 10.0 2.00 OE-S-L-1200x10.0x2.00-SG-DA-0
1300.0 10.0 2.00 OE-S-L-1300x10.0x2.00-SG-DA-0
1400.0 10.0 2.00 OE-S-L-1400x10.0x2.00-SG-DA-0
1500.0 10.0 2.00 OE-S-L-1500x10.0x2.00-SG-DA-0
1600.0 10.0 2.00 OE-S-L-1600x10.0x2.00-SG-DA-0
1700.0 10.0 2.00 OE-S-L-1700x10.0x2.00-SG-DA-0
1800.0 10.0 2.00 OE-S-L-1800x10.0x2.00-SG-DA-0
1900.0 10.0 2.00 OE-S-L-1900x10.0x2.00-SG-DA-0
2000.0 10.0 2.00 OE-S-L-2000x10.0x2.00-SG-DA-0
Scales with adhesive black tape

500.0 10.0 2.00 OE-S-L-500x10.0x2.00-SG-DA-T

600.0 10.0 2.00 OE-S-L-600x10.0x2.00-SG-DA-T

700.0 10.0 2.00 OE-S-L-700x10.0x2.00-SG-DA-T

800.0 10.0 2.00 OE-S-L-800x10.0x2.00-SG-DA-T

900.0 10.0 2.00 OE-S-L-900x10.0x2.00-SG-DA-T
1000.0 10.0 2.00 OE-S-L-1000x10.0x2.00-SG-DA-T
1100.0 10.0 2.00 OE-S-L-1100x10.0x2.00-SG-DA-T
1200.0 10.0 2.00 OE-S-L-1200x10.0x2.00-SG-DA-T
1300.0 10.0 2.00 OE-S-L-1300x10.0x2.00-SG-DA-T
1400.0 10.0 2.00 OE-S-L-1400x10.0x2.00-SG-DA-T
1500.0 10.0 2.00 OE-S-L-1500x10.0x2.00-SG-DA-T
1600.0 10.0 2.00 OE-S-L-1600x10.0x2.00-SG-DA-T
1700.0 10.0 2.00 OE-S-L-1700x10.0x2.00-SG-DA-T
1800.0 10.0 2.00 OE-S-L-1800x10.0x2.00-SG-DA-T
1900.0 10.0 2.00 OE-S-L-1900x10.0x2.00-SG-DA-T
2000.0 10.0 2.00 OE-S-L-2000x10.0x2.00-SG-DA-T
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2 SCALE CATEGORIES

2.7 Category 5

Category 5 scales are rotary discs made of black glass and variable diameter. All scales of this type
comprise two tracks and a single reference mark.

Track seperation line (TSL)

T
D2
Figure 2.8: Category 5 disc with variable dimensions
View B
View A
Continue pattern along optical centre line.
Doc counts per revolution CPR.
non-reflective 136 I* Optical centerline

0,50

_ non-reflective

0,01
0,02

reflective
reference mark

I\Drc
R

_ reflective
‘ eference centerline

|

Doc
Optical centerline

Figure 2.9: Detailed view A and B
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2 SCALE CATEGORIES

2.7.1 Factsheet category 5

All discs of this category have the following specifications in common. All optical properties are
given with respect to the METIRIO operating wavelength A = 850 nm.

Table 2.15 - Datasheet Cat. 5 scales

Material properties
Bulk material

Back side coating

BG: black glass: NG1 ionically colored

0: none (no black tape, no AR coating)

Mass density p 2.47 g/cm?
Thermal expansion CTE  7.2107%/K
Transmittance T <0.01
Diameter tolerance AD, + 0.1 mm for @ <120 mm
+ 0.2 mm for @ > 120 mm
AD; 4+ 0.2 mm for @ <90 mm
+ 0.3 mm for @ >90 mm
Thickness tolerance AT + 0.04 mm for 0.5 mm
+ 0.1 mm for 1 to 2.3 mm
Concentricity © £ 0.1 mm
Pattern properties
Number of tracks 2
Reference code S:single
Coating material reflective chrom coating
Reflectance R 0.67

Pattern accuracy*

5um/m

* The pattern accuracy also holds for diameter tolerance and concentricity of pattern diameters
DTSL and Doc.
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2 SCALE CATEGORIES

2.7.2 Available discs of category 5

Table 2.16 - Available Cat. 5 scales, all dimensions in mm

I R N ) A T

1164 13.04 18.0 0.50 2048 OE-S-R-13.0x0.50-BG-S-0

143  21.52 2292 242 0.50 3600 OE-S-R-22.9x0.50-BG-S-0
340 36.80 38.20 44.0 0.50 6000 OE-S-R-38.2x0.50-BG-S-0
58.0 6226 63.66 66.0 0.50 10000 OE-S-R-63.7x0.50-BG-S-0
85.0 9410 9550 97.2 0.50 15000 OE-S-R-95.5x0.50-BG-S-0
186.0 189.60 191.00 194.0 2.30 30000 OE-S-R-191.0x0.50-BG-S-0
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3 OVERVIEW AVAILABLE ORDER CODES

Table 3.1 - Full overview: all available scales

OE-S-L 30x5.0x0.55

OE-S-L 40x5.0x0.55 BG S 0
OE-S-L 45x5.0x0.55 BG S 0
OE-S-L 50x5.0x0.55 BG S 0
OE-S-L 60x5.0x0.55 BG S 0
OE-S-L 70x5.0x0.55 BG S 0
OE-S-L 75x5.0x0.55 BG S 0
OE-S-L 90x5.0x0.55 BG S 0
OE-S-L 20x3.5x0.50 BG S 0
OE-S-L 30x3.5x0.50 BG S 0
OE-S-L 40x3.5x0.50 BG S 0
OE-S-L 45x3.5x0.50 BG S 0
OE-S-L 50x3.5x0.50 BG S 0
OE-S-L 60x3.5x0.50 BG S 0
OE-S-L 70x3.5x0.50 BG S 0
OE-S-L 75%3.5x0.50 BG S 0
OE-S-L 80x3.5x0.50 BG S 0
OE-S-L 90x3.5x0.50 BG S 0
OE-S-L  105x3.5x0.50 BG S 0
OE-S-L  110x3.5x0.50 BG S 0
OE-S-L 20x3.5x0.50 BG DI 0
OE-S-L 30x3.5x0.50 BG DI 0
OE-S-L 40x3.5x0.50 BG DI 0
OE-S-L 45x3.5x0.50 BG DI 0
OE-S-L 50x3.5x0.50 BG DI 0
OE-S-L 60x3.5x0.50 BG DI 0
OE-S-L 70x3.5x0.50 BG DI 0
OE-S-L 75%3.5x0.50 BG DI 0
OE-S-L 80x3.5x0.50 BG DI 0

Continued on next page
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3 OVERVIEW AVAILABLE ORDER CODES

Table 3.1 - Continued from previous page

OE-S-L 90x3.5x0.50

OE-S-L  105x3.5x0.50 BG DI 0
OE-S-L  110x3.5x0.50 BG DI 0
OE-S-L  100x5.0x0.50 BG S 0
OE-S-L  125x5.0x1.00 BG S 0
OE-S-L  150x5.0x1.00 BG S 0
OE-S-L  175x5.0x1.00 BG S 0
OE-S-L  200x5.0x1.50 BG S 0
OE-S-L  225x5.0x1.50 BG S 0
OE-S-L  250x8.0x2.30 BG S 0
OE-S-L  275x8.0x2.30 BG S 0
OE-S-L  300x10.0x2.30 SG S BC
OE-S-L  325x10.0x2.30 SG S BC
OE-S-L  350x10.0x2.30 SG S BC
OE-S-L  375x10.0x2.30 SG S BC
OE-S-L  400x10.0x2.30 SG S BC
OE-S-L  425x10.0x2.30 SG S BC
OE-S-L  450x10.0x2.30 SG S BC
OE-S-L  475x10.0x2.30 SG S BC
OE-S-L  500x10.0x2.30 SG S BC
OE-S-L  525x10.0x2.30 SG S BC
OE-S-L  550x10.0x2.30 SG S BC
OE-S-L  500x10.0x2.00 SG DA 0
OE-S-L  600x10.0x2.00 SG DA 0
OE-S-L  700x10.0x2.00 SG DA 0
OE-S-L  800x10.0x2.00 SG DA 0
OE-S-L  900x10.0x2.00 SG DA 0
OE-S-L  1000x10.0x2.00 SG DA 0
OE-S-L  1100x10.0x2.00 SG DA 0
OE-S-L  1200x10.0x2.00 SG DA 0
OE-S-L  1300x10.0x2.00 SG DA 0
OE-S-L  1400x10.0x2.00 SG DA 0
OE-S-L  1500x10.0x2.00 SG DA 0
OE-S-L  1600x10.0x2.00 SG DA 0
OE-S-L  1700x10.0x2.00 SG DA 0

Continued on next page
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3 OVERVIEW AVAILABLE ORDER CODES

Table 3.1 - Continued from previous page

OE-S-L  1800x10.0x2.00

OE-S-L  1900x10.0x2.00 SG DA 0
OE-S-L  2000x10.0x2.00 SG DA 0
OE-S-L  500x10.0x2.00 SG DA T
OE-S-L  600x10.0x2.00 SG DA T
OE-S-L  700x10.0x2.00 SG DA T
OE-S-L  800x10.0x2.00 SG DA T
OE-S-L  900x10.0x2.00 SG DA T
OE-S-L  1000x10.0x2.00 SG DA T
OE-S-L  1100x10.0x2.00 SG DA T
OE-S-L  1200x10.0x2.00 SG DA T
OE-S-L  1300x10.0x2.00 SG DA T
OE-S-L  1400x10.0x2.00 SG DA T
OE-S-L  1500x10.0x2.00 SG DA T
OE-S-L  1600x10.0x2.00 SG DA T
OE-S-L  1700x10.0x2.00 SG DA T
OE-S-L  1800x10.0x2.00 SG DA T
OE-S-L  1900x10.0x2.00 SG DA T
OE-S-L  2000x10.0x2.00 SG DA T
OE-S-R 13.0x0.50 BG S 0
OE-S-R 22.9x0.50 BG S 0
OE-S-R 38.2x0.50 BG S 0
OE-S-R 63.7x0.50 BG S 0
OE-S-R 95.5x0.50 BG S 0
OE-S-R 191.0x0.50 BG S 0
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Contact

Germany

SmarAct Metrology
GmbH & Co. KG

August-Wilhelm-Kuenholz-Str. 1
D-26135 Oldenburg
Germany

+49 441 -800 8790
metrology@smaract.com
www.smaract.com

China

Dynasense Photonics
6 Taiping Street

Xi Cheng District,
Beijing, China

+86 10 - 835038 53
info@dyna-sense.com
www.dyna-sense.com

Japan

Physix Technology Inc.

Ichikawa-Business-Plaza
4-2-5 Minami-yawata,
Ichikawa-shi

272-0023 Chiba

Japan

+81 47 -370 86 00
info-jp@smaract.com
www.physix-tech.com

France

SmarAct GmbH

Schuette-Lanz-Strasse 9
26135 Oldenburg
Germany

+49 441 - 800 879 956
info-fr@smaract.com
www.smaract.com

Natsu Precision Tech

Room 515, Floor 5, Building 7,
No.18 East Qinghe Anning
Zhuang Road,

Haidian District

Beijing, China

+86 18 -616 715 058
chenye@nano-stage.com
www.nano-stage.com

South Korea

SEUM Tronics

#1109, 1, Gasan digital 1-ro
Geumcheon-gu

Seoul, 08594,

Korea

+822-868 1002
info-kr@smaract.com
WWW.seumtronics.com

USA

SmarAct Inc.

2140 Shattuck Ave. Suite 302
Berkeley, CA 94704
United States of America

+1 415 - 766 9006
info-us@smaract.com
www.smaract.com

Shanghai Kingway Optech
Co.Ltd
Room 1212, T1 Building

Zhonggeng Global Creative Center

Lane 166, Yuhong Road
Minhang District
Shanghai, China

+86 21 - 548 469 66
sales@kingway-optech.com
www.kingway-optech.com

Israel

Optics & Motion Ltd.

P.O.Box 6172
46150 Herzeliya
Israel

+972 9-950 60 74
info-il@smaract.com
www.opticsmotion.com
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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, semi-
conductors and life sciences.

Our broad product portfolio - from miniaturized interferometers and optical encoders for dis-
placement measurements 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, mea-
surement services and comprehensive support to accompany you along your projects.

Headquarters USA

SmarAct GmbH

Schuette-Lanz-Strasse 9
26135 Oldenburg
Germany

T: +49 441 - 8008790
Email: info-de@smaract.com
www.smaract.com

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
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