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(57) ABSTRACT 

A position measuring device comprises 
a sensor with a light Source and a light receiver element 

arranged in a housing, 
a rotary encoder, and 
a reflective material measure with optical elements pro 

vided at a distance from the sensor, the material measure 
being arranged on the rotary encoder. 

The sensor is mounted on a plate that has a keyed connection 
to the housing. The rotary encoder is arranged between the 
housing and the plate. 
The rotary encoder has a shaft Support or is connected to a 
shaft Support, with 

the shaft Support arranged on the same side of the rotary 
encoder as the material measure and 

the plate having a recess for the shaft Support. 
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POSITION MEASURING DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a national phase entry under 35 
U.S.C. S371 of PCT/CH2011/000189 filed Aug. 19, 2011, 
which claims priority to Swiss Patent Application No. 1342/ 
10 filed Aug. 19, 2010, Swiss Patent Application No. 1341/10 
filed Aug. 19, 2010, and Swiss Patent Application No. 1343/ 
10 filed Aug. 20, 2010, the entirety of each of which is 
incorporated by this reference. 

FIELD OF THE INVENTION 

0002 The invention relates to a position measuring. 

PRIOR ART 

0003) A sensor head of a sensor operating with reflected 
light is known from US patent application No. 2006/ 
0007541. This sensor head has a light source, which projects 
a light beam onto a material measure, and two semiconductor 
Substrates. The semiconductor Substrates each comprise pho 
todetectors, for detecting light that is reflected by the material 
measure. Light source and semiconductor Substrates are 
arranged in a box-like housing, wherein the light source is 
arranged and secured on the bottom of the housing and the 
semiconductor Substrates are arranged and secured on the 
cover, with which the housing can be sealed. The semicon 
ductor substrates are fastened by means of reversible assem 
bly on the cover. 
0004. The semiconductor substrates with the photodetec 
tors are arranged opposite one another on both sides of the 
light source in a direction that is perpendicular to the direction 
of motion of the material measure. Each semiconductor Sub 
strate has an electric circuit, and the electric circuits of the two 
semiconductor Substrates are connected together by electric 
lines, which are formed on the underside of the cover. Cur 
rent-Voltage converters are formed directly on the semicon 
ductor Substrates, in order to keep interferences as Small as 
possible. 
0005. A disadvantage of the known sensor head is that it is 
expensive to produce. First, the semiconductor Substrates 
must be fabricated and then fastened to the housing cover. 
Then the light Source is arranged and secured at the bottom of 
the housing. Finally, the cover is fitted on the housing in Such 
a way that the light Source is correctly oriented to the semi 
conductor substrate. This must be carried out with the neces 
sary precision, so that with relative movement of the material 
measure, signals (in particular the analogue signals to be 
worked up by the sensor system) of adequate quality can be 
obtained, so that the encoder functions perfectly. Making the 
electrical connections to the two semiconductor Substrates is 
also complicated and expensive. With Such an arrangement, 
miniaturization of the sensorhead cannot beachieved without 
loss of signal quality. 
0006 U.S. Pat. No. 6,963,064 describes an encoder with a 
plurality of tracks. The manner of construction disclosed has 
the advantage that encoders with different resolution can be 
produced with the same components and the same overall 
dimensions, which offers a cost advantage, as no additional or 
application-specific components are required. The device has 
the drawback, however, that optimum design of the compo 
nents with respect to miniaturization of the overall dimen 
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sions is not possible. Moreover, the device does not have any 
space for the integration of an index track. Therefore no index 
signal can be generated. 
0007. A rotary selector switch is known from DE 42 16 
296, wherein light source and light receiver are arranged on a 
common printed-circuit board and a rotary encoder with a 
material measure operating by the transmitted-light method is 
provided. Behind the material measure, a light guide is 
optionally integrated in the rotary encoder or fastened to the 
housing. A drawback of this design is the longer beam path 
between light source and light sensor. Another drawback is 
limited miniaturization of the device. Moreover, the arrange 
ment described for the components leads to a restricted reso 
lution of the encoder, estimated to be in the region of at most 
40 lines at a housing diameter of 25 mm. 
0008 U.S. Pat. No. 4,780,610 shows an optical encoder 
with two rotary encoders arranged one after another, which 
can each be driven with one shaft. A drawback in this case is 
that no hollow shaft is present for connecting to the shaft of 
another device. Moreover, the dimensions of the sensor head 
used do not allow extensive miniaturization of the encoder. In 
addition, there is no second sensor region. 
0009 US 2006/0208682 shows an optical encoder that is 
integrated in a motor. A disadvantage of the device is that, 
based on the design shown, it is not possible to construct a kit 
encoder. 
0010. In DE 196 41929, a kit encoder is described, in 
which the rotary encoder is mounted beforehand between a 
plate and a housing. The arrangement of the rotary encoder 
and of the material measure is disadvantageous, as the latteris 
arranged at the back, which leads to a large loss of space. The 
large sensor head and the massive plug connector also do not 
permit a compact design. 
0011. The device should be suitable for the construction of 
3-channel encoders with index or absolute track and it should 
be mountable with simple means on another device. The 
device should be as compact as possible in its dimensions, so 
as to be suitable for the construction of small encoders. 
Despite the very compact design, it should still be able to 
make accurate determination of the position possible, which 
requires production of a qualitatively good basic signal. 
0012 Another aim of the present invention is to provide a 
position measuring device that is economical to manufacture. 
The design of the device should, moreover, make it insensi 
tive to environmental influences. In addition, it should have a 
Small power requirement, i.e. it should be suitable for opera 
tion with batteries. 

SUMMARY OF THE INVENTION 

0013 The device described in this document makes it 
possible, owing to the configuration of its individual parts, to 
construct a preassembly encoder. The individual parts can be 
assembled beforehand (in the factory). Furthermore, the 
material measure on the rotary encoder is protected by the 
housing and the plate. The encoder can be mounted simply on 
any devices that are equipped with a corresponding adapter 
and a shaft. The housing is secured on the adapter with a 
keyed connection during assembly. This does not require 
dismantling the individual components. The additional fea 
ture relating to running the cable along the housing contrib 
utes to a compact design. 
0014. By using a material measure with optical elements 
that make the totalluminous energy incident on the individual 
graduations available for forming the basic signal, and 
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through compact design of the sensor head, which creates 
short light paths between light source and light receiver, eco 
nomical use of the luminous energy becomes possible. 
0015 The function of the sensor head is established by a 
lithography step, by which a light Source and light receiver 
elements are formed on the glass substrate. In the FlipChip 
process the glass Substrate is arranged on the Supporting plate. 
The light receiver elements are connected via stud-bump and 
circuit-board conductors directly to a decoding circuit 
arranged on the back of the Supporting plate. 
0016. In order to produce good basic signals, a special 
arrangement of the light receiver elements is provided. These 
are mounted end-to-end following the pattern A+b-a-B+. 
Careful layout of the light receivers is necessary for correct 
distribution of the centres of gravity of the light receiver 
elements. Moreover, the special forming especially in the 
sensor region for the index plays a decisive role. 
0017. A compact design is made possible by using Flip 
Chip assembly and other precautions. These are for example 
the choice of the metallic top layer of the light receiver ele 
ments, the use of stud-bumps for stable electrical connection 
(for a stable basic signal) and the use of an adhesive technol 
ogy, wherein a rather unusual permanent resist permits secure 
adhesion. With this manner of construction, it is possible to 
work at low temperatures, which is gentle on the light receiv 
CS. 

0018. Owing to these precautions it is possible to construct 
a3-channel encoder with a diameter from 4 to 20 mm. Thanks 
to the optimum layout of the light paths, such an encoder can 
function with a power requirement of less than 3 or even 1 mA 
and achieve high resolutions at a reasonable price. 
0019 Configurations of the position measuring device are 
described below, wherein the aforesaid features provided 
they are not mutually exclusive—can be implemented in any 
combination. 
0020. Furthermore, a position measuring device has es 
pecially in combination with one or more of the aforemen 
tioned features—the following components: 

0021 a housing, 
0022 a sensor head arranged in the housing with a light 
Source and a light receiver element, 

0023 a rotatable encoder, which can be mounted on a 
shaft of a device. Such as a motor, 

0024 a reflective material measure with optical ele 
ments, provided at a distance from the sensor head, said 
material measure being arranged on the rotary encoder, 
wherein the material measure is arranged advanta 
geously on the side of the rotary encoder that is opposite 
the housing. 

0025. The sensor head may be mounted on a printed 
circuit board, which has a keyed connection to the housing, 
via a Snap connection. 
0026. Furthermore, it is desirable for the position measur 
ing device to have an adapter part, which has 

0027 a first fastener for connecting to the device and 
0028 a second fastener for keyed connection to the 
housing, 

0029 wherein the second fastener is a snap connection, 
0030 wherein the snap connection is formed by one or 
more projections on the adapter part and one or more 
recesses in the housing. 

0031. The housing advantageously has an assembly bear 
ing, in which the rotary encoder and/or a seating for a shaft 
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connected to the rotary encoder is mounted. The assembly 
bearing can be for example a ball bearing and especially a 
Teflon bearing. 
0032. The contacting of the sensor head takes place, 
according to an embodiment, via a lateral opening in the 
housing, wherein the opening is arranged on the side of the 
sensor head opposite to the rotary encoder. The contacting 
can take place via one or more cables, which pass through the 
opening, wherein they may be ribbon cables and especially a 
Flexprint. 
0033. Furthermore, it may be advantageous if the housing 
has a recess on the side, which connects to the opening, 
wherein the recess extends from the opening along the side up 
to another side or a rim or an edge of the housing and/or 
wherein the recess extends from the opening to the top side of 
the housing. 
0034. In another configuration variant the material mea 
Sure has at least two tracks, wherein one track is an incremen 
tal track and wherein a second track is either an index track or 
a code track. 
0035. According to an embodiment, it is a position mea 
Suring device with 

0.036 at least one material measure with an optical 
structure, such as an arrangement of 3-D reflectors, 

0037 a light source arranged at a distance from the 
material measure and 

0.038 at least one light receiver arranged at a distance 
from the material measure, and 

0.039 at least one transparent substrate present between 
the material measure and the light receiver, 

0040 wherein on the side of the substrate turned away 
from the material measure, the light receiver is deposited 
directly on the transparent substrate in the form of a 
thin-film structure consisting of several layers arranged 
one above another, 

0041 wherein a light source is provided at a distance 
from the light receiver, and 

0042 wherein a supporting plate is provided, on which the 
Substrate is arranged. 
0043. The light receiver thus has, advantageously, the 
form of a thin-film sensor. In the aforementioned layers, a 
recess is provided for a light Source. The light source may be 
designed so that it can be made along with the processes for 
production of the sensors (light receiver elements), so that the 
dimensions and position of the light receivers and of the light 
Source are predetermined by a lithography mask. Moreover, 
the light source can be formed by a diaphragm and an LED or 
by an OLED deposited directly on the substrate. In contrast to 
the prior art described at the beginning, therefore no further 
adjustment operations are necessary, which greatly simplifies 
the production of the position measuring device, but also 
makes it more reliable. 
0044) The light source may bearranged behind a recess or 
diaphragm etched out of the aforementioned layers. 
0045. Furthermore, a decoding circuit can be provided, 
which is arranged on the Supporting plate. 
0046. The supporting plate may have circuit-board con 
ductors on both faces, on the one hand for contacting with the 
light receiver and on the other hand for contacting a decoding 
circuit. Furthermore, it is advantageous if the Supporting plate 
has terminals for connecting the position measuring device to 
an external display. The transparent Substrate and the Support 
ing plate are advantageously firmly joined together by Flip 
Chip assembly. 
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0047 According to another advantageous embodiment, 
the light receiver is in contact with a metallic covering layer, 
Such as aluminium. The electrically conducting metal may be 
aluminium, which may be alloyed with 1 to 5% titanium. 
Furthermore, it is desirable if the electrical connection 
between the conducting covering layer and the circuit-board 
conductors of the Supporting plate is made by means of solder 
globules, so-called “bumps' or “stud-bumps”. The connec 
tion between the metallic covering layer or the bumps on the 
one hand and the Supporting plate on the other hand may be 
produced by means of an electrically conducting adhesive. 
0048. According to another variant of the invention, a 
permanent resist is provided between the Supporting plate and 
the substrate for delimiting the spread of the adhesive. 
0049 According to an embodiment, the thin-film sensor is 
formed by 

0050 a transparent conducting layer, such as a transpar 
ent conducting oxide layer (=TCO layer), 

0051 a first doped layer, 
0.052 an intrinsic layer, such as an amorphous silicon 
layer, 

0053 a second doped layer and 
0054 an electrically conducting, metallic covering 
layer, 

0055 wherein the layers may be present in the order 
stated. Advantageously, for producing a structured sensor 
Zone, the aluminium layer, the uppermost doped layer and at 
least one part of the intrinsic layer may be etched away 
regionally. 
0056. The device according to the invention can also be 
characterised in that the light receiver is formed as a sensor 
Zone consisting in each case of a plurality of light receiver 
elements, which are connected together electrically. Advan 
tageously, in the device at least one first and one second 
sensor Zone are provided, said Zones being assigned to a 
material measure with an incremental track and an index track 
or an absolute track. 
0057 The first sensor Zone may have first and second light 
receiver elements, which are interlocking. Furthermore it 
may be advantageous if the first and second light receiver 
elements are roughly U-shaped. The geometric centre of 
gravity of the first and second light receiver elements of the 
first sensor Zone should be roughly on a straight line. It can 
also be envisaged that the first sensor Zone is in each case 
formed by a plurality of strip-shaped light receiver elements, 
said light receiver elements being arranged at an angle of 
between 0.5 and 15 degrees to one another and one after 
another in a specified direction. The even and the odd (with 
respect to their sequence) light receiver elements can in each 
case be connected together electrically-conducting. Accord 
ing to another configuration of the device, the first and/or the 
second light receiver elements are connected together by an 
additionally applied electrically-conducting layer, wherein 
an insulating layer is provided between the metal layer and 
the additional, conducting layer. The first and second light 
receiver elements of the first sensor Zone may be arranged so 
that two alternating signals, displaced by 180 degrees, are 
obtained in the order “AbaB'. 

0.058. The aforesaid device can be further characterised in 
that the second sensor Zone is provided for the production of 
an index, and a strip-shaped, first light receiver element and 
two second light receiver elements, positioned at an angle 
from the first light receiver element, are formed. The geomet 
ric centre of gravity of the surface of the first light receiver 
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element and of the surface of the two second light receiver 
elements of the second sensor Zone advantageously essen 
tially coincide. According to another configuration of the 
device according to the invention, the material measure has 
two tracks with optical elements, wherein a first track serves 
for producing an incremental signal and the second track 
serves for determining a position number or an index signal. 
0059. Some features relating to the light source, which can 
be implemented individually or in combination, are as fol 
lows: the light source can be arranged behind the substrate. In 
addition it is advantageous if the light source is an LED. 
Furthermore, the light source can be arranged essentially in 
the same plane as the light receiver. The light source, such as 
an OLED, is formed directly on the substrate between the 
light receivers. According to another configuration the light 
Source is embedded in a metallic layer, so that scattered light 
can be kept out. There can also be an air gap in the light path 
between light source and Substrate. 
0060 According to another advantageous embodiment of 
the present invention, the decoding circuit is arranged on the 
other side (i.e. on the side opposite to the light receivers 
and/or the light source) of the Supporting plate in the form of 
an integrated circuit for processing the light receiver signals 
(such as in the Flip-Chip process), wherein the light receivers 
are connected electrically to the integrated circuit. 
0061 The aforementioned supporting plate consists of 
ceramic or of plastic (e.g. polyimide). According to another 
variant the Supporting plate can be made of plastic film, Such 
as polyimide film. 
0062. A method of producing a sensor head for a position 
measuring device can be particularly advantageous when it 
has the following process steps: 
0063 a) applying a large number of groups of light receiv 
ers on a transparent Substrate in a thin-film process, said 
groups of light receivers serving in each case for the produc 
tion of a single sensor head, 
0064 b) providing in each case a diaphragm for a group of 
light receivers, 
0065 c) applying contact points on the light receiver, such 
as in the form of spheres, so-called “bumps' or “stud bumps', 
which are made of solder or better still of gold, and can be 
applied by an electrolysis process (e.g. directly on bare Al 
pads), 
0.066 d) providing a supporting plate with circuit-board 
conductors or contact points, which correspond to the contact 
points of the light receivers, and 
0067 e) joining the glass Substrate and the Supporting 
plate together using an electrically conducting adhesive. 
0068. The contact points can also be applied in the form of 
gold spheres, so-called 'stud-bumps', or in the form of gold 
deposits or gold/nickel deposits. 
0069. A non-electrically-conducting layer, which has 
recesses that correspond to the contact points of the light 
receivers, can be applied on the Supporting plate beforehand. 
The recesses can then be filled at least partially with the 
electrically conducting adhesive. 
0070 A decoding circuit can be applied on the back of the 
Supporting plate. 
0071. Furthermore, it is advantageous if some of the 
spaces present between glass Substrate and Supporting plate 
are filled with an underfill. 
0072 The material measure may be a rotary encoder or a 
rotary encoder is provided, which has a stated material mea 
SUC. 
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0073. A position measuring device (such as an encoder) 
can—especially in combination with one or more of the 
stated features—have the following components: 
0074 a) a housing, 
0075 b) a sensor head with one or more light receiver 
elements arranged in the housing, and 
0076 c) a rotatable material measure with optical ele 
ments, provided at a distance from the sensor head. The 
material measure may be arranged on a rotary encoder, which 
can be mounted on a shaft of a motor or some other device. 
0077. The light receiverelement is arranged in a defined or 
predetermined position relative to the optical elements and 
interacts with these to produce a signal. According to the 
invention, said defined position of the light receiver element 
relative to the optical elements is established by a sensor head 
holder, which has a keyed connection with the sensor head. 
The sensor head holder also has a keyed connection with the 
housing. Furthermore, the housing may be arranged in a 
defined position relative to the material measure and/or to the 
optical elements. 
0078. In this case the sensor head holder can be the support 
described above, on which the sensor head is arranged and 
which for the purpose of moving the sensor head is connected 
operatively with a motor. 
0079. The term “position” refers in this document to the 
distance and/or the orientation of the aforementioned part of 
the device, in particular relative to other parts of the device. 
The deviation from the defined positions is advantageously 
less than 0.2 mm, less than 0.1 mm or less than 0.05 or 0.02 
mm. This means that the corresponding parts of the device 
have been manufactured with the aforesaid accuracy. 
0080 According to an advantageous configuration, the 
position measuring device is characterised in that the light 
receiver element is arranged on a Substrate, the edge of which 
has a keyed connection with the sensor head holder. Further 
more, the light receiver element may be applied on the Sub 
strate by a thin-film process. The Substrate is advantageously 
a transparent Substrate and may be a glass Substrate. 
0081. When the light receiver element or the light receiver 
elements are applied on a Substrate, the exact position of the 
light receiver elements relative to the edge of the substrate and 
therefore to a part of the sensor head can already be estab 
lished in the production process. Light receiver elements can 
be applied particularly easily by thin-film processes. In this 
case a substrate board is provided with a large number of light 
receiver elements and is then divided into smaller units (sub 
strates). This dividing can be carried out very accurately, e.g. 
by sawing the substrate board. This results in a defined posi 
tion of the light receiver elements relative to the edge of the 
Substrates, i.e. the place where the dividing took place. 
0082 It is advantageous if the sensor head holder has a 

first structural element, which has a keyed connection with 
the sensor head, wherein the first structural element is an 
opening. Furthermore, it is advantageous if the sensor head 
holder has a second structural element, which has a keyed 
connection with the housing, wherein the second structural 
element may be the edge of the sensor head holder. The first 
structural element is in this case advantageously arranged in 
a defined position relative to the second structural element. 
The first structural element can now have a keyed connection 
with the edge of the substrate. 
0083. This means that the position of the light receiver 
elements relative to the optical elements on the material mea 
sure may be established via several parts of the device that are 
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matched to one another in their dimensions (Substrate, sensor 
head holder, housing, material measure). The advantage is 
that there is no need for mechanical adjustment during assem 
bly. The sensor head holder thus acts like an adapter. The 
sensor head holder can be made as part of the housing and/or 
of the cover described below. The sensor head holder is made 
as a separate part of the device, as this facilitates manufacture 
and assembly. 
I0084. According to an advantageous embodiment of the 
invention, the sensor head holder is arranged between the 
material measure and a cover that seals the housing. The cover 
may be in contact with the sensor head holder and fixes it with 
respect to its position in the housing. An edge is provided 
inside the housing, to form a Support for the sensor head 
holder, and if the sensor head holder is fixed between this 
Support and the cover. 
I0085. In a method of production of a position measuring 
device, a sensor head, which has one or more light receiver 
elements, has a keyed connection with a sensor head holder. 
The sensor head holder has a keyed connection with a hous 
ing. The sensor head holder is in this case introduced or 
inserted into the housing. The housing is arranged in a pre 
determined or defined position relative to a material measure, 
wherein the material measure is rotatable and has optical 
elements. In this case the housing, the sensor head holder and 
the sensor head have been or will be designed so that their 
keyed connection establishes a defined position of the light 
receiver element relative to the optical elements. 
I0086. Furthermore, it may be advantageous if in said 
method 

0087 
Strate, 

0088 the edge of the substrate has a keyed connection 
with the sensor head holder, if the sensor head is con 
nected to the sensor head holder, 

0089 the light receiver element is applied on the sub 
strate by a thin-film process, and 

0090 the substrate is a transparent substrate and espe 
cially a glass Substrate. 

the light receiver element is applied on a Sub 

0091. It may also be desirable if, in the aforementioned 
method 

0092 the sensor head holder is formed with a first struc 
tural element, which has a keyed connection with the 
sensor head, when the sensor head is connected to the 
sensor head holder, wherein the first structural element 
may be an opening (a through-hole), and 

0093 the sensor head holder is formed with a second 
structural element, which has a keyed connection with 
the housing, when the sensorhead holder is connected to 
the housing, wherein the second structural element may 
be the edge of the sensor head holder, and 

0094 the first structural element is formed in a defined 
position relative to the second structural element. 

(0095 Finally it is also desirable if, in the method 
0.096 the sensor head holder is inserted in the housing at 
a distance from the material measure and has a keyed 
connection to the housing, 

0097 on the side of the sensor head holder opposite to 
the material measure, the housing is sealed with a cover, 
and 

0.098 the cover may be brought in contact with the 
sensor head holder, 

0099 wherein the cover and/or the housing and/or the 
sensor head holder are separate parts of the device. 
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0100. The aforesaid methods can also comprise, as pro 
cess steps, the use of one or more of the aforesaid features of 
the device according to the invention (or the functions made 
possible by these features). 
0101. Owing to the compact design of the sensorhead, it is 
possible to manufacture shaft encoders with further proper 
ties, for example position sensors with several sensor heads 
for the redundant acquisition of position values. Another pos 
sibility is to construct very compact absolute encoders, with a 
Manchester code or similar serial codes or a pseudorandom 
code incorporated in the material measure. 
0102 The aforesaid codes can for example be formed as 
binary codes. Through the concatenation of two optical ele 
ments that are differently oriented relative to their optical 
axis, and that interact with suitable receiver elements, two 
different states or signals can be produced. The aforesaid 
signals or states can be correlated with the increment signal. 
The determination of an absolute position value will be made 
possible by a relative movement between sensor head and 
material measure, in which the sequence of the optical ele 
ments is determined. 
0103) These advantageous properties are best achieved 
when the material measure is formed from semicircular-cy 
lindrical reflectors and the light source has defined dimen 
sions. This once again presupposes exact positioning of the 
light source above the light sensor, in order to obtain stable 
and reliable signals. The bundling of the total amount of light 
incident on a division of the material measure, together with 
the compact sensor head, make it possible to construct posi 
tion determining units that have a high luminous efficiency 
and therefore a low power consumption, and ensure the func 
tion of the encoder with lower light output. The position 
measuring device according to the invention is therefore most 
Suitable for use in battery-powered appliances. 
0104. The use of a thin-film structure with an intrinsic 
layer has the advantage that reliable light receivers can be 
produced with simple means owing to the presence of an 
interlayer that is insulating in itself. These layers have low 
dark currents and are particularly Suitable for constructing a 
sensor head for an encoder that can operate with little current. 
0105. Furthermore, a position measuring device (such as 
an encoder)-has the following components: 

0106 a support, 
0107 a sensor head with a light source and a light 
receiver element arranged on the Support, 

0.108 a material measure with optical elements that is 
movable relative to the sensor head and can be mounted 
on a moving part of a device, for example a motor, and 
can interact with the sensor head for determining an 
absolute position value, 

0109 wherein the sensor head is arranged movably on the 
Support, and means are provided for moving the sensor head 
relative to the support by a defined amount. 
0110. The movable arrangement of the sensor head on the 
Support has the advantage that the absolute position of a 
moving element, e.g. of a shaft or of Some other machine 
component, can be determined in its position at rest. There 
fore when the machine is started, the absolute position of the 
machine component can be determined in a very short time, 
without requiring movement of the machine component 
itself, e.g. to reach a reference mark first. Furthermore, in 
combination with a compact sensor head described below, 
products can be developed that are much smaller and more 
economical than devices of this kind known from the prior art. 
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0111. The position measuring device may be is character 
ised in that the displacing means for moving the sensor head 
is formed by a motor, which is linked mechanically to the 
sensor head. 

0112 Furthermore, it may be that the material measure is 
a rotary encoder. 
0113. An advantageous method is also to be disclosed for 
determining the absolute position of a moving element in the 
position at rest by means of a position measuring device, 
which enables the absolute position of the component to be 
determined by means of a material measure that is movable 
relative to a sensor head, and is coupled to the movable 
element, 
0114 characterised in that, 
0115 for determining the absolute position of the movable 
element in the position at rest, the sensor head is displaced 
relative to the movable element. 
011.6 Advantages of configurations of the position mea 
suring device described hereunder are: 

0.117 the possibility of manufacturing a position mea 
Suring device economically with the desired necessary 
precision, 

0118 constructing a position measuring device with 
minimum dimensions, with high accuracy and reliabil 
ity. This is advantageous especially in the medical area 
for optical examination instruments, in which for 
example a mirror must be positioned exactly. 

0119 providing a position measuring device that toler 
ates a certain installation tolerance and nevertheless can 
ensure reliable operation and 

0120 providing a position measuring device whose 
design is insensitive to environmental influences. 

BRIEF DESCRIPTION OF THE DRAWINGS 

I0121 The invention is explained in more detail on the 
basis of the drawings and a exemplary embodiment. The 
drawings show: 
0.122 FIG. 1 schematically and in a perspective view, the 
design principle of an encoder, consisting of a sensor head 
according to the invention and a material measure located at 
a distance from the sensor head; 
I0123 FIG. 2 schematically, the structure of the sensor 
head consisting of glass Substrate with sensor Zones formed 
thereon, a Supporting plate and an evaluator, which are in each 
case joined together in the Flip-Chip assembly process; 
0.124 FIG.3 the individual process steps for producing the 
sensor Zones and contacting thereof; 
0.125 FIG. 4 the individual process steps for constructing 
the light source: 
0.126 FIG. 5 schematically, assembly of the components 
on a wafer Substrate; 
I0127 FIG. 6 in cross-section, a exemplary embodiment of 
an encoder arranged in a housing for Small motors; 
I0128 FIG. 7 schematically, how with relative movement 
of receiver element and material measure, the light intensities 
recorded by the receiver element are converted into an ana 
logue signal and then to a digital signal for position determi 
nation; 
I0129 FIG. 8 schematically, the production of an index 
signal by means of a single optical element and two receiver 
elements; 
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0130 FIG. 9 schematically, the production of a position 
signal by means of two different optical elements, which are 
concatenated according to a Manchester code, and two 
receiver elements; 
0131 FIG. 10 a top view of a first exemplary embodiment 
of a sensor head according to the invention with a plurality of 
receiver elements with an incremental and an index track; 
0132 FIG. 11 a top view of a second exemplary embodi 
ment of a sensor head according to the invention, in which the 
receiver elements are electrically connected by means of a 
separate circuit-board conductor, 
0.133 FIG. 12 an embodiment of the invention with a light 
Source with an LED, which is arranged behind a diaphragm, 
wherein the diaphragm essentially determines the dimen 
sions of the light source; 
0134 FIG. 13 a circuit for optimum assignment of the 
index signal Zb formed by the material measure; 
0135 FIG. 14 a exemplary embodiment of an absolute 
encoder with cold-start position determination; 
0.136 FIG. 15 a perspective view of a kit encoder with 
motor, 
0.137 FIG. 16 a rear and side view of the housing with 
horizontal cable; 
0138 FIG. 17 a sectional view of the housing of the kit 
encoder 
0139 FIG. 18 a design of the shaft support. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

0140 FIG. 1 shows an encoder 10 according to the inven 
tion comprising a sensor head 11 and a material measure 13, 
which is movable relative to the sensor head 11 in a direction 
15. The first and second sensor Zone 29, 35, which are at a 
distance 40 from the material measure 13, are arranged on the 
back of the sensor head 11. "Material measure” means, in the 
context of the present invention, a graduation or scale, which 
is mounted on a Support or carrier and is Suitable for reflecting 
and modulating a light beam, when the material measure is 
moved relative to the sensor head. This material measure can 
take the form of a circular rotary encoder or an oblong beam. 
The material measure itself has a division, wherein each 
division is suitable by definition for modulating a light beam, 
when the division is moved through the light beam. Structures 
are known, for example, in which for example one half of the 
division is transparent and the other half is opaque. Advanta 
geously, each division is represented by a reflective optical 
element, which is suitable for bundling a light beam (e.g. 
hollow cylinder, hollow mirror). However, the use of grating 
structures is also conceivable, but their efficiency in light 
processing would be lower than that of mirrors, by which the 
light beam is deflected. 
0141. The sensor head 11 shown consists essentially of a 
supporting plate 17 and a transparent substrate 19, on the back 
of which, i.e. the side opposite the Supporting plate 17, a light 
source 21 and light receiver elements 23 are arranged. The 
light source 21 emits a light beam, whose principal axis is 
designated with the reference number 22. A light source is 
used, which emits light in the visible region. For a better light 
signal with a smaller deflection, light with a wavelength 
below 630 nm, especially 580 and 630 nm, or below 460 nm 
would be advantageous. The material measure 13 contains at 
least one first track 25 with first optical elements 27, which 
interacts with a first sensor Zone 29 of the material measure 
13. Next to the first track 25, according to the exemplary 
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embodiment shown, a second track 31 is provided, with at 
least one individual optical element 33. This second track 31 
interacts with a second sensor Zone 35 of the sensor head 11. 
As can be seen from FIG. 1, the optical elements 27 of the 
material measure are arranged in one plane, which is essen 
tially parallel to the faces 37 of the substrate. Moreover, the 
material measure 13 is arranged relative to the substrate 19 in 
Such a way that the tracks 25, 31 coincide, in each case in a 
direction parallel to the axis 22 of the light beam, with the 
sensor Zones 29, 35. 
0142. The optical elements 27, 33 are formed as focusing 
lenses or mirrors, which in each case reflect incident light 
bundled onto the sensor head 11. According to the exemplary 
embodiment shown, the optical elements 27.33 have the form 
of a circular semi-cylinder. The first track 25 serves for pro 
duction of an incremental position signal, and the second 
track 31 for production of an index signal, as is described in 
more detail below (description for FIGS. 7 and 8). 
0143. The position of the material measure relative to the 
sensor head (especially the distance 40, cf. FIG. 1) is usually 
associated with an assembly tolerance, which has a direct 
influence on the quality and reliability of the measuring sig 
nal. With assembly tolerance of Zero, the faces 37 of the 
Substrate 19 are parallel to a plane passing through the mate 
rial measure 13, and the direction of motion 15 (corresponds 
to a tangent to a circular pathin the case of a material measure 
provided on a circular disk) runs at right angles to a longitu 
dinal central axis 39, which divides the sensor Zones 29, 35 
and the light source 21 into two segments in each case. Devia 
tions from the exact relative orientation of material measure 
13 and substrate 19, which are indicated in FIG. 1 with arrow 
41, can displace the position signals 104 from the two tracks 
25 and 31 towards each other (see below, description for FIG. 
10). At Zero tolerance, the centre line 43 of the material 
measure will run essentially parallel to an axis 45 passing 
through the centre of the light source 21, provided the sensor 
Zones 29, are arranged symmetrically to the centre of the light 
source. At Zero tolerance of the distance between material 
measure 13 and sensor head 11, the nominal distance is 
mainly determined by the design of the optical elements 27, 
33 of the material measure 13. In the context of the present 
invention, focusing optical elements and especially three 
dimensional (3D) reflectors are especially advantageous, 
because these are particularly tolerant with respect to varia 
tion of the distance between material measure 13 and sub 
Strate 19. 

0144. With this arrangement, 3-channel encoders can be 
made with the width of a division from 18 um to 150 lum. In 
the case of an encoder with a housing diameter of about 20 
mm this corresponds for example to a number of marks on the 
rotary encoder from 360 to 3000 and in the case of an encoder 
with a housing diameter of about 6 mm this would correspond 
to a number of marks from 64 to 380 (a mark can be defined 
for example by an optical element or a division). 
0145 According to FIG. 2, the sensor head 11 according 
to the invention comprises the substrate 19 with the first and 
second sensor Zones 29, 35, the supporting plate 17 and an 
evaluator 47 mounted on the supporting plate 17. Substrate 
19, supporting plate 17 and evaluator 47 are joined mechani 
cally rigidly together by means of adhesive and underfill and 
sealed against the environment. The light Source 21 is an 
LED, which is arranged behind a diaphragm, which defines 
the size of the light source. It is important for the present 
invention that the sensor Zones 29, 35 are deposited directly 
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on the Substrate in a multistage thin layer process, by which 
the sensors and the diaphragm 49 are formed in one etching 
process. This method of production has the advantage that the 
relation between diaphragm 49 and sensor Zones 29, 35 can 
be established very precisely, so that they can be formed in 
one etching stage according to FIG. 3b and FIG. 4b. 
0146 Electrical connection between the first and second 
sensor Zones 29.35 and the supporting plate 17 is provided by 
means of Flip-Chip assembly. So that the heat-sensitive sen 
sor Zones 29, 35 cannot be damaged during the production 
process—which could happen if “bumps' of solder were to be 
used for the electrical contacts so-called “stud bumps' or 
ultrasonically applied gold spheres 53 are applied on the 
uppermost sensor Zone 51 formed from aluminium (FIG.3e). 
Once again, circuit-board conductors 55 are provided on the 
supporting plate 17. Above these circuit-board conductors 55, 
a film 57 is applied, which at the site of the planned electrical 
connection has recesses 59, which are filled with conductive 
adhesive 54 (FIG. 3e) before assembly. Substrate 19 and 
Supporting plate 17 can now be joined together by means of 
Flip-Chip assembly. In the non-conducting layer 57, there are 
recesses 59 at the intended contact points. Various plastics, 
e.g. epoxy material, are Suitable as film formers. After bond 
ing, the space between Supporting plate 17 and glass Substrate 
19 is filled with a so-called “underfill. 

0147 The decoding circuit 47, e.g. an ASIC, is arranged 
on the back 63 of the supporting plate 17. Connection of the 
decoding circuit 47 to the Supporting plate 17 can also be 
effected by Flip-Chip assembly as with connection between 
the glass substrate 19 and the supporting plate 17. For this 
purpose, circuit-board conductors 64 and a non-conducting 
layer 65 with recesses 67 are applied on the back 63. The 
recesses 67 correspond to the contact points of the decoding 
circuit 47. These are filled with an electrically conducting 
adhesive before the supporting plate 17 and the decoding 
circuit 47 are joined together. The through-contacting from 
front to back takes place by means of openings 69 in the 
Supporting plate 17, which are filled with a conducting mate 
rial, e.g. solder or an electrically conducting adhesive. 
0148. As can be seen from FIG. 2, the light source 21, e.g. 
an LED, is housed in a recess 71 of the supporting plate 17. A 
spacer 75 keeps the light source 21 at a distance from the glass 
substrate 19, so that an air gap 77 is provided between the 
light opening and diaphragm 49. The air gap 77 serves for 
reducing the internal reflection present in the substrate 19, so 
as to achieve better utilization of the luminous energy. The 
back of the LED light source 21 can be contacted by means of 
an electrically conducting adhesive 79 (FIG. 4e). 
0149. In particular, the manner of production of the sensor 
Zone and of the diaphragm 49 in thin-film technology is 
important for application of the present invention. In this, in a 
first step all layers that are required for constructing the sensor 
Zones are deposited on a large area on a transparent Substrate, 
a glass substrate (FIG. 3a). The size of the glass substrate is 
selected in Such away that a large number, in particular more 
than 200, more than 2,000 or more than 10,000 sensor 
arrangements can be fabricated simultaneously. Selection of 
Substrate size depends on the available coating and etching 
devices. 

0150. In the manufacture of the light receivers, the follow 
ing layers are applied Successively on the glass Substrate 19 
(FIG. 3a), which produces the structure of a PIN diode: 
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0151. 1) a conducting transparent layer 81, a TCO (trans 
parent conducting oxide) layer, with a layer thickness 
between 10 and 100 nm, between 20 and 70 nm or between 25 
and 50 nm. 
0152 2) a first n- or p-- doped layer 83 with a layer 
thickness between 10 and 80 nm, between 20 and 70 nm or 
between 25 and 50 nm. 
0153. 3) an intrinsic layer 85 with a layer thickness 
between 100 and 1,500 nm, between 200 and 1,000 nm or 
between 400 and 800 nm. 
0154 4) a second p+ or n-doped layer 87 with a layer 
thickness between 10 and 80 nm, between 20 and 70 nm or 
between 25 and 50 nm and 
0155 5) a conducting top layer 51 with a layer thickness 
between 100 and 2,000 nm, between 500 and 1,500 nm or 
between 700 and 1,200 nm. In the region of the contact points 
89,91, or in the region of the pads 111 (cf. FIG. 10) the layer 
thickness is 1,000 nm. 
0156 The various layers are deposited by CVD (chemical 
vapour deposition), PECVD (plasma-enhanced chemical 
vapour deposition) or similar, modified processes such as 
VHFCVD or HWCWD. A plasma-enhanced chemical 
vapour deposition is comprised of silane, in order to produce 
an aSih (amorphous silicon) intrinsic layer. For doping the 
layers, the silane has an admixture of other gases, which 
contain the metals germanium (e.g. GeH) and/or boron (e.g. 
BH). 
0157. After the glass substrate has been coated with the 
aforementioned layers, the shape and extent of the light 
receiver elements and of the light source are defined, by 
applying a photoresist on the uppermost layer 51, exposing 
this to UV with a mask, and dissolving away either the unex 
posed or the exposed regions. Then in a first etching step, for 
example by ion beam etching on the places where the photo 
resist was dissolved away, the conducting covering layer 51, 
the second doped layer 87 and a part of the amorphous silicon 
layer 85 can be removed. As a result, the structure of the light 
receivers is already formed (FIG. 3b). Instead of amorphous 
silicon, similar materials could also be used, which can be 
used for forming a PIN diode. 
0158. Then in a further step, in certain places the TCO 
layer is laidbare, by completely etching away the amorphous 
silicon layer 85 and the first doped layer 83 essentially in a 
second etching step (ion beam etching and/or “reactive ion 
beam etching' (RIE)), or modified methods) (FIG. 3c). The 
procedure can be similar to the first etching process, i.e. the 
places that are not to be processed are masked first and then 
the non-masked places are processed. These process steps are 
very familiar to a person skilled in the art, so that there is no 
need to go into more detail here. The places that were laidbare 
form, after removal of the amorphous silicon layer, the one 
electrical contact point 89 of the light receiver. The other 
contact point 91 is formed by the conducting covering layer 
51. 

0159. Then the sensor Zone is coated with a protective 
layer 93, an SiO, layer (FIG. 3d). The contact points 89,91 
are in each case recessed by etching or by the lift-off process. 
It should also be pointed out that FIGS. 3 and 4 serve exclu 
sively for illustrating the production process and that the layer 
thicknesses shown do not coincide with the actual layer thick 

SSS. 

0160. As can be seen from FIG. 4, the diaphragm used in 
this exemplary embodiment for forming the light Source can 
be produced by the same process steps as were used for 
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producing the light receiver structures and the contacts. The 
light opening 49 is applied in the second etching step (FIG. 
4c), in that a place that was already etched partially in the first 
etching process is etched further or completely. Through this 
light opening 49, the light can pass unhindered into the Sub 
strate 19. Any further (non-transparent) layers, such as the Al 
layer 51, also have an opening at the same place, so as not to 
prevent the light passing through. In this way a diaphragm is 
formed, which advantageously restricts the propagation of 
light from the LED21, or defines the size or the dimensions of 
the light source. 
0161 The LED can be glued onto the uppermost layer 51, 
by placing it on a spacer 75 (also see FIG. 12). The spacer 75 
provides a defined gap between the substrate 19 and the light 
source 21. In this way a cavity is defined (reliably) for the 
adhesive 79. The spacer will be 4 to 50 um high, 6 to 12 um 
high, or formed from permanent resist. 
0162 Finally, the sensor Zones and the supporting plate 17 
are connected together electrically by Flip-Chip assembly. In 
the same process step, the front of the light source is contacted 
with the metal layer 51, in which circuit-board conductors, 
which are not shown in more detail, have been formed (con 
tact point). 
0163 The thickness of the glass substrate 19 can be about 
1 mm. The thickness is between 0.4 and 0.6 mm, wherein a 
glass substrate with a thickness of about 0.16 mm can be used 
for high-resolution encoders. 
0164 FIG. 5 shows an arrangement of a large number of 
adjacently arranged sensor heads on a large Supporting plate 
97 in the form of a wafer. The diagram shows the substrates 
19, which are fastened by Flip-Chip assembly on the carrier 
material 97. The carrier material is a board of electrically 
non-conducting material, on which, in a prior coating pro 
cess, both on the front and on the back, circuit-board conduc 
tors were applied for contacting a large number of Substrates 
19 with light receivers and decoding circuits 47. The light 
sources 21 can be applied beforehand either directly, e.g. by 
gluing, on the glass Substrate 19, or can be integrated in a 
recess of the carrier material 97. Then the decoding circuits 47 
can be placed on the back of the carrier material 97. Assembly 
of the decoding circuit 47 can also take place in the Flip-Chip 
process. The substrate 19 with the light receiver elements 23 
and the decoding circuit 47 can be connected simultaneously 
to the supporting plate 17. When the sensor heads 11 or the 
glass substrates 19 have been contacted with the decoding 
circuits 47, the encoder function can already be tested. This 
can take place in an automated process. Only after that, the 
carrier material 97, which is scribed (grooves 98), is broken 
up, sawn or separated by means of a grinding disk, into 
Supporting plates 17. The carrier material is ceramic, espe 
cially black-coloured ceramic. 
(0165. On a lateral edge of the carrier material 97, two 
recesses 99 are provided, in which pins 96 of a tool can 
engage. By means of the recesses 99 and corresponding tools, 
the carrier material 97 can be accurately aligned during the 
various process steps. This allows economical manufacture. 
0166 FIG. 6 shows an example of a miniature motor, on 
which, owing to the compact design of the sensor head, a 
high-quality sensor can be mounted. If, on the material mea 
sure, there is an absolute track according to FIG. 9 and an 
incremental track according to FIG. 7, an absolute encoder 
can be constructed in the same construction Volume and the 
same construction. In this case a movement of less than about 
2 is sufficient for the absolute position to be determined or to 
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be read from the material measure by means of the sensor 
head. With encoders of the current state of the art (with an 
index mark), an angular motion of up to 360° is necessary for 
an absolute reference point to be found. 
0.167 FIG. 6 shows an encoder 10 with a sensor head 11 
and a rotary encoder 155, on the surface of which a material 
measure (not shown) is arranged. The rotary encoder 155 is 
connected to a shaft 157 and is therefore rotatable. The sensor 
head 11 and the material measure formed from optical ele 
ments (not shown) interact to produce a signal. For this, in this 
configuration the sensor head 11 has a light Source 21, which 
emits light towards the material measure. The optical ele 
ments of the material measure are arranged on the side of the 
rotary encoder 155 opposite the sensor head 11. They reflect 
the light coming from the light source 21 in bundled form 
onto the sensor head 11, where it is recorded by the light 
receiver elements (not shown). Naturally, the light source can 
also be arranged on the other side of the rotary encoder 155 
and can send the light via the optical elements to the sensor 
head 11. However, the solution is shown, in which the sensor 
head 11 has both one or more light sources and one or more 
light receiver elements. For correct formation of the position 
signals, the light receiver elements must be arranged in a 
defined position relative to the optical elements. Instead of 
adjusting the position of the light receiver elements relative to 
the material measure or to the housing directly with a tool 
and/or an optical device, as known from the prior art, in the 
encoder shown 10 this is achieved indirectly by matching the 
dimensions of the individual parts of the device with one 
another. The sensor head holder 141 has a first structural 
element in the form of an opening 149, into which a part of the 
sensor head 11 can be inserted with an accurate fit, so that a 
keyed connection is produced. This part of the sensor head 11 
is advantageously a transparent Substrate 19, onto which the 
light receiver elements are applied by thin-film processes. In 
these processes, a large number of light receiver elements are 
placed on one Substrate board, which is then cut up into 
(smaller) substrates 19. Such a design of the sensor head 11 
allows the position of the light receiver elements relative to 
the edges of the substrates to be determined by the accurate 
cutting of the substrate board. The edge 151 of the substrate 
19 can interact as a keyed connection with the aforesaid 
opening 149 in the sensor head holder 141. The opening 149 
is positioned accurately relative to a second structural ele 
ment, which is in this case the edge 153 of the sensor head 
holder 141. The edge 153 of the sensor head holder 141 
interacts as a keyed connection with the inside wall of the 
housing 143, wherein the housing 143 is once again arranged 
in a defined position relative to the material measure. This 
means that the position of the sensor head 11 or of the sub 
strate 19 and therefore also the position of the light receiver 
elements relative to the optical elements on the material mea 
sure is established indirectly via several parts of the device, 
which are matched with one another in their dimensions. The 
advantage is that no mechanical adjustment is required during 
assembly. The sensor head holder 141 thus also acts as an 
adapter. Regarding the aforesaid dimensions or the defined 
positions, advantageously deviations of less than 0.2 mm, less 
than 0.05 mm are ensured, which is generally sufficient for 
correct functioning of the measuring device. The housing 143 
is sealed with a cover 145, which presses against the sensor 
head holder 141 and thus fixes it in the housing 143. The 
housing 143 has, between cover 145 and housing 143, an 
opening, through which contacting of the sensor head 11 e.g. 
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by means of cables 159, or by means of a Flexprint, can take 
place. This arrangement ensures simple assembly of the sen 
sorhead. According to the configuration variant of an encoder 
10 shown in FIG. 6, an adapter for the rotary encoder 155 is 
provided on the shaft 157. The adapter has a seating for the 
shaft and a flange 241 extending from the shaft 157 radially 
outwards. The adapter has a hollow-cylindrical shaft support 
and an annular flange 241, protruding from the shaft Support. 
The rotary encoder 155 is in contact with the side of the shaft 
support opposite the shaft 157 and with the flange 241 of the 
adapter, the rotary encoder has one or more feet 240, which in 
the assembled state of the encoder10 come in contact with the 
flange 241. The rotary encoder 155 is fastened on the adapter 
with adhesive. This arrangement ensures simple assembly of 
the sensor head. 
(0168 The rotary encoder 155 is glued onto the shaft 157. 
The through-hole 272 in the rotary encoder is configured (cf. 
FIG. 18) so that one or more channels 275 (for example 2-20 
or 3-10) are formed between the rotary encoder and the shaft 
157, and become filled with adhesive. FIG. 18 shows one 
design of the through-hole 272 of a rotary encoder 155, 
wherein the rotary encoder has a keyed connection with the 
shaft 157 via flat regions 271. Correspondingly, those parts of 
the edges of the through-hole 272 that form the channels 275 
are farther (in particular 0.02 to 0.2 mm farther) from the 
shaft, than those parts of the edges that form the flat regions 
271. The latter are in contact with the shaft, i.e. the flat regions 
represent the contact points between rotary encoder 155 and 
shaft 157. The channels 275 between rotary encoderand shaft 
157 can be filled with adhesive. This arrangement is espe 
cially advantageous from the standpoint of the toolmaker, as 
it enables him to produce a tool for providing a through-hole 
272 very easily. Said tool is advantageously made from a 
(circular-cylindrical) workpiece, which has a diameter that is 
0.02 to 0.2 mm larger than the diameter of the shaft 157. The 
workpiece can be provided in several places e.g. by grinding, 
with flats or with flat sides, which form the flat regions 271 
during production of the through-hole 272. According to a 
configuration variant, 1 to 10, especially 2 to 5 or 3 channels 
275 are provided. 
0169. The rotary encoder and the material measure are 
formed from plastic, black-coloured plastic, for easier visual 
inspection. The material measure is then coated with a metal, 
Such as gold or aluminium. However, an additional protective 
layer, e.g. SiO, or synthetic resin, can be applied on the 
aluminium layer. 
0170 An alternative embodiment envisages a film struc 
ture of the rotary encoder. A plastic can serve as the carrier 
material, on which an aluminium layer and a plastic film as 
oxidation protection of the aluminium layer are provided. The 
material measure can beformed by hot embossing on the side 
of the aluminium layer. 
(0171 FIGS. 7, 8 and 9 show various embodiments of 
material measures 25/31 and light receiver elements 23, 
which serve for forming at least one analogue signal 103. The 
analogue signals 103a and 103b are processed in a decoding 
circuit and optionally converted into a digital signal 104 that 
can be processed further. The output signals from the decod 
ing circuit serve for determining the position of the material 
measure relative to the sensor head. The position data can be 
evaluated by means of an analogue or digital signal. 
0172 FIG.7 shows an incremental track, FIG. 8 shows the 
track for forming an index, which is evaluated at least once 
per revolution, and FIG. 9 shows another track structure, 
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which is encoded according to the Manchester code, which 
together with the incremental signal can define an absolute 
position. The three tracks mentioned can form, alone or in 
combination, the material measure, which can be integrated 
on a carrier, for example a rotary encoder, and is made in the 
same operation as the carrier. The material measure is formed 
with two tracks, wherein the optical elements of both tracks 
have the same focal length. 
(0173 The track 25 of the material measure shown in FIG. 
7 consists of identical optical elements, which are arranged at 
regular distances from one another in the direction of motion 
15 (incremental track). These are oriented the same or parallel 
relative to the principal direction of the light reflected from 
them. In FIG. 7, the optical elements are semicircular-cylin 
drical reflectors, which represent the embodiment in the con 
text of the present invention. The light emitted from the light 
Source is bundled by an optical element of the material mea 
sure and is focused on the plane of the sensor 100. There, the 
light is incident at a point 108. However, little or no light is 
incident on the adjacent region 107 of the plane of the sensor. 
The distribution of the light intensity on the plane of the 
sensor is represented by curve 101. Point 101h of the curve 
corresponds to a high energy density, and point 101t corre 
sponds to a low energy density. The electrical conversion of 
the light intensity into an electrical signal takes place with at 
least two light receiver elements 23, which are arranged with 
180° mutual displacement. This means that always when one 
light receiver element registers a maximum, the other light 
receiver element registers a minimum, and vice versa. With 
the two light receiver elements, two analogue signals 103A+ 
and 103A- are produced, which are sent to the decoding 
circuit for further processing. The decoding circuit can then 
form a digital signal 104 from the analogue signals 103. 
0.174 FIG. 8 shows the index track 31 of a material mea 
Sure consisting of a single reflector, roughly semicircular 
cylindrical in cross-section, which is centred about the axes 
105. The width of this reflector will be between 100% and 
300% of the width of a reflector of the incremental track. On 
the plane of the sensor 100, the light is bundled essentially at 
a point 108, wherein only very little light is incident on the 
adjoining region 107. An essentially constant and unmodu 
lated amount of light is incident on the remaining region 109. 
The distribution of the light intensity on the plane of the 
sensor 100 is represented by curve 101, wherein point 101h 
corresponds to a high energy density and point 101t corre 
sponds to a low energy density. The conversion of the light 
intensity into an electrical signal takes place with a special 
arrangement of light receiver elements 23. According to an 
embodiment the light receiver elements 23 consist of a main 
receiver 23Z+ and two receivers 23Z-, which are arranged 
symmetrically to the main receiver 23Z+ and are connected 
together electrically. Advantageously, the total area of the 
light receiver 23Z- is at least 10%, at least 20% or at least 
30% greater than the total area of the main receiver 23Z+. 
This is important in connection with the evaluation of the 
signals. Because the area contents of the two light receiver 
elements Z+/Z- are different, it can be ensured that signal 
103a is well away from signal 103b, so that they can never 
cross in the remaining region 109. With this light receiver 
arrangement, two analogue signals 103a and 103b are pro 
duced, which are processed further in the decoding circuit. 
The signals can for example be compared in a comparator 
circuit, wherein a point of intersection of the two signals 
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produces in each case a change of the digital level, i.e. one of 
the flanks of the pulse Zb (cf. digital signal 104). 
0175 For forming a stable digital pulse 104 it is important 
that the two signals 103a and 103b intersect with a large 
slope. This is achieved with the special arrangement of the 
light receiver elements 23: In the central position according to 
FIG. 8 the bundled light beam is mainly incident on the 
middle receiver element 23Z+, so that the signal peak 103aa 
is formed. So that the signal level 103ba is as low as possible, 
the two light receivers Z-should, for example at point 107. 
receive less light than normally, i.e. than when the light beam 
is not modulated. This is achieved because the obliquely 
positioned light receiver elements formed on the upper part, 
i.e. at the proximal end, are somewhat wider than at the distal 
end. The configuration of the receivers 23Z+.23Z- shown, 
with a first oblong light receiver element 23Z+ and two sec 
ond oblong light receiver elements 23Z-, which are arranged 
essentially with mirror-image symmetry and at an angle to the 
longitudinal axis of the first receiver element 23Z+, can be 
regarded as optimum. With this form of the light receiver 
elements, signals 103a and 103b can be formed that have a 
large slope at the points of mutual intersection, so that a 
reliable basic signal Zb can be formed for the index signal. 
0176 The light receiver elements Z- (“Z minus') are 
arranged obliquely relative to the light receiver element Z+ 
(“Z plus”). At their ends opposite the light receiver element 
Z+, the light receiver elements Z-have a width that is much 
smaller than the width at their ends facing the light receiver 
element Z+. This optimum arrangement means that during 
the motion of the index lens (optical element on the material 
measure) in the direction 15, regions of medium, low and high 
light intensity are moved over the sensor Zone. The form of 
the light receiver elements Z-means that the variation in light 
intensity does not affect the signal to the same extent at every 
position of the index lens relative to the sensor Zone. In the 
edge region, i.e. where the narrow end of the light receiver 
element Z- detects, the light intensity has a less pronounced 
effect on the signal than in the central region, i.e. at the site of 
the light receiver element Z+ and where the wider end of the 
light receiver element Z- is. Another factor is the distance 
from the light source. The narrow ends of the light receiver 
elements Z- are farther from the light source and so receive a 
lower light intensity. 
(0177. The geometric centre of gravity 102b of the two 
light receiver elements 23Z+ and 23Z- coincides as far as 
possible at the same point. If the centres of gravity do not 
coincide, i.e. if they are some distance apart, then the level 
ratio between the two signals 103a and 103b changes when 
the distance between the material measure 13 and the sub 
strate 19 changes (see FIG. 1). Owing to the advantageous 
geometry of the receiver elements 23 described, the distance 
between material measure and sensor head can vary over a 
relatively wide range, without adversely affecting the signal 
quality, so that the rather large tolerance in the axial position 
of shafts of Small motors can be taken up without any prob 
lem. This also has the advantage that expensive adjustments 
are not required. 
0.178 FIG. 9 shows a track 31 of the material measure 
(absolute track). The track contains, like the incremental track 
shown in FIG. 7, a large number of optical elements, but here, 
the optical elements are not all aligned identically or regularly 
or (relative to their optical axis) not all parallel. Each of the 
optical elements is configured and/or arranged so that it 
focuses the light either onto a first or a second point on the 
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plane of the sensor. The two points represent the 0 (zero) or 
the 1 (one) of a binary code. The sequence of Zeroes and ones 
(binary digits) defines a code, e.g. an 8-bit code, in which 8 
Successive binary digits define a characteristic position num 
ber, which occurs only once on the material measure or over 
the length of the material measure. In the present example, 
one point is to the left of the axis 105 and the other is to the 
right of it. It is, however, also possible to provide three or 
more different points, i.e. arrange and/or configure the optical 
elements correspondingly, so that the sequence of the differ 
ently positioned points of incidence 108 on the plane of the 
sensor 100 for example forms a ternary code. However, a 
binary code Such as a so-called Manchester code may be used. 
On the plane of the sensor 100, the light is bundled at a point 
108, which is in each case arranged asymmetrically to the axis 
105. Only a small amount of light then falls on region 107. 
The distribution of the light intensity on the plane of the 
sensor is shown by curve 101. The electrical conversion of the 
light intensity into an electrical signal takes place with at least 
two light receiver elements 23, arranged mutually displaced 
by 180 degrees. With the light receiver elements 23, two 
analogue signals 103a and 103b are produced, which are fed 
together with an incremental signal to a decoding circuit. The 
decoding circuit will, with the aid of the incremental signal, 
evaluate the signals 103, so that the bit value of the division is 
determined and is outputted in a digital signal. 
0179 Advantageously, two channels (A and B) and, per 
channel, two light receiver elements 23 as described above, 
are provided. It should be noted that in FIGS. 7 and 9, for 
clarity, only the light receiver elements 23 for one channel (A 
or B) are shown in each case. 
0180 For a given direction of motion or rotation of the 
material measure according to 15, the bit value is read on each 
rising or each falling flank of the two incremental signals, on 
every fourth flank of both incremental signals (from channels 
A and/or B), by reading the difference between signal 103a 
and 103b at this time point. At this time point, the level of the 
digital signal 181 is adjusted according to the bit value or the 
bit value is outputted in some other way. It can also be envis 
aged that the reading of the bit value in a direction of rotation 
or direction of motion of the material measure takes place for 
example with falling flank of channel A and with rotation or 
movement in the opposite direction with rising flank of chan 
nel A. 
0181. The two incremental signals form 4 flanks per divi 
sion (two analogue signals 103a/103b per channel A/B). 
Which of these flanks is used for evaluating the bit value 
depends ultimately on the placement of the sensor head 
within the permissible tolerance field relative to a rotation 
about the angle 41 (cf. FIG. 1). The angular error can be 
corrected with the circuit shown in FIG. 13. 

0182. As mentioned above, the order of the bit values of 
the material measure is selected in Such a way that with a 
particular number of Successive bits, a particular order can 
only be found once over the length of the material measure. 
The order is formed according to Manchester code. 
0183 FIG. 10 shows an arrangement of the light receiver 
elements 23 for a 3-channel encoder (channel A, channel B. 
channel Z or index), wherein the principal axis 45 of the 
emitted light beam passing through the centre of the light 
source coincides with the centre line 43 of the material mea 
sure (FIGS. 1, 2) (see FIG. 1). The light receiver elements for 
the incremental signal are arranged in the sensor Zone 29 
(which interacts with the first track 25 of the material mea 
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Sure) and those for the index signal are arranged in sensor 
Zone 35 (which interacts with the second track 31 of the 
material measure). At the contact point or openings 91 (see 
also FIGS. 3d and 3e) the “stud-bumps' can be arranged on 
the uppermost metal layer (cf. 51 in FIG. 3a), e.g. by ultra 
Sonic welding. These points can be covered with a layer of 
gold, so that when using a conducting adhesive, the adhesive 
ness is not impaired by an oxide layer. The same sensor head 
could also be used for an absolute encoder with Manchester 
code, wherein region 25 then remains unchanged and at least 
two receiver elements (as shown for example in FIG. 9) are 
arranged in region 31. 
0184 So that the encoder is not sensitive to assembly 
tolerances (i.e. with respect to the centring of the light Source 
and the angular position of the sensor head relative to the 
principal axis 43 (cf. FIG. 1) of the material measure), the 
following order of the light receiver elements relative to the 
direction of motion 15 is selected: A+/B-A-B+ or A-fB+/ 
A+/B-, i.e. with reference to the two channels A and B, a 
symmetrical arrangement of the light receiver elements rela 
tive to the axis 39. In this case the light receiver elements 
A+A- and B-B+ are in each case offset by 180 degrees. In 
this way, both for channel A and for channel B, two sinusoidal 
curves, mutually displaced by 180 degrees, are obtained, 
which can be converted in a comparator circuit into a digital 
signal. In this arrangement, the contact points and the linkage 
between the light receiver elements 23 are formed in the same 
or from the same material as the light receiver elements, i.e. 
these regions are also optoelectronically active. It is then 
necessary to bear in mind that the centre of gravity of each of 
the 4 light receiver elements in the sensor Zone 29 is essen 
tially at the same distance from the light source 21 (see line 
102). Here, the points 102b mark in each case the centre of 
gravity of a U-shaped receiver element. In direction 15, the 
distances between the centres of gravity 102b should essen 
tially coincide with the division of the material measure. The 
normal width 114 of a light receiver in sensor Zone 29 is 
selected between 40 and 80% of the width of a division of the 
material measure. Width is to be understood, in this context, 
as that dimension of the light receiver elements or of the light 
source that runs parallel to the principal axis 45. In order to 
obtain the centre of gravity of an array of light receiver ele 
ments in the correct place, it is generally necessary to make 
the width of the receiver elements wider at certain places 106, 
or adjust the width. This is because the transition lines 115 
within the light receiver elements and the areas around the 
contact points or openings 91 also detect light, i.e. inevitably 
increase the areas of the light receiver elements. This has a 
negative influence on the position of the centres of gravity 
102b of the light receiver elements and the signal produced. 
The reference number 110 shows the contacts to the TCO 
layer. 
0185 Advantageously, the width of the light source 21 or 
of the diaphragm 49 is selected between 60 and 150%, or 
100% to 120% of the width of a division. If the width of the 
diaphragm 49 is too small, too little luminous energy is 
allowed through. If the width of the diaphragm 49 is too large, 
the width of the light spot will be too large, so that the signals 
become too flat to be evaluated reliably. 
0186. An identical arrangement of the light source and of 
the optical receiver elements could be achieved with other 
technologies, if for example the light source 21 were to be 
constructed as a light-emitting OLED on the substrate 19, and 
the sensor Zones 35 and 29 were to have a similar layer 

Jun. 13, 2013 

structure as the OLED. Both OLED and the light receiver 
elements then consist of thin layers, as shown in FIG.3a, but 
different starting materials could be used. 
0187 FIG. 11 shows another arrangement of light receiver 
elements, wherein the individual receiver elements are con 
nected electrically by VIAS 112 (“vertical interconnect 
access”) through the passivation layer (e.g. an SiO layer or 
an SiO/SiN layer structure) with conducting tracks. Such 
as of aluminium, applied on the passivation layer. The advan 
tage of this arrangement is that the light receiver elements 23 
are optimally configured, without the transition lines 115 
and/or contact points 91 being able to influence the formation 
of the analogue signals, or without the need for corrections of 
the width 114. At the end of the conducting tracks there are the 
pads 111, on which the “stud-bumps' are applied. Such a 
Solution will cost more, because additional layers must be 
provided and additional precautions must be taken. An 
arrangement of the receiver elements 23 in the direction of 
motion 15 has the same advantages as given above in the 
description of FIG. 10. Connection to the TCO layer can also 
be made by means of the conducting tracks and a VIA 112, 
wherein once again pads 111 can be arranged at the end of the 
conducting tracks for reliable application of a stud-bump. 
0188 FIG. 12 shows a design of the light source consisting 
of diaphragm and LED (also see FIG. 2). The LED is, as 
described in FIG.4c, glued on the substrate 19 (e.g., glass), or 
on the uppermost metal layer (cf. FIG. 3, 51), and radiates 
through the light opening 49 that was made in the thin-film 
structure. The LED 21 is housed in recess 71 (cf. FIG. 2) of 
the supporting plate 17 (cf. FIG. 2). Several variants of how 
the light source can be mounted on the substrate 19 are shown. 
FIG. 12a shows the light source with an emission layer 161 
and a contact layer 163. Between the light source 21 and the 
coated glass substrate 19, a spacer 75 is provided, which 
keeps the light source at a distance from the substrate 19. It 
can be seen that with this design there is the risk that light 
emerging laterally 165 will impinge on the light receiver, i.e. 
this arrangement is disadvantageous because the scattered 
light produced can penetrate into the light sensor Zone, which 
can lead to deviations from the desired signal quality. The 
reference number 170 shows the cone of light emitted from 
the light source towards the material measure. 
0189 FIG. 12b shows an isolated light source, in which 
the emission layer 161 is edge-coated with a non-transparent 
covering layer 167. This can prevent scattered light imping 
ing on the light receiver. According to FIG. 12c, the non 
transparent covering layer 167 is not applied on the light 
source 21 but on the light receiver. This covering layer serves 
in the example also as contact 163 to the LED. Further pre 
cautions may consist of selecting, as “underfill”, a material 
that is opaque or has low transmission for light. 
(0190 FIG. 13 shows a circuit with which assembly errors 
with respect to the angular position 41 (cf. FIG. 1) of the 
sensor head relative to the principal axis of the material mea 
Sure can be compensated, so that the index signal can function 
reliably regardless of said angular error. As described above, 
selection of the flank of the incremental signal for determin 
ing the bit value (in connection with an absolute track) 
depends on the placement of the sensorhead or on the rotation 
thereof by the angle 41. The circuit can therefore be used for 
determining these flanks. 
0191 FIG.13a shows the signals A, B, Zb and Z. Signal Z 

is formed by combining signals A and B and Zb. A and Beach 
correspond to a digital signal 181 (cf. FIG.9; only signal for 
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one channel shown), wherein signal A originates from chan 
nel A and signal B from channel B. The signal Z depicted in 
said FIG.13a consists of two pulses, which basically is unde 
sirable. By recombining the original signals A and B, in FIG. 
13.b other signal states Aout (or Ao) and Bout (or Bo) are 
produced, wherein the signal Zb is almost centred on the 
region of the signals A and B in plus. The resulting signal Z 
therefore consists of a single pulse. 
0.192 The conversion (recombination) of the original sig 
nals A (or Ain) and B (Bin) into the effective output signals 
Aout and Bout is effected using the control signals X1 and 
X2, e.g. according to the combination table in FIG. 13c, 
wherein the original signals A and B are inverted and/or 
interchanged. 
0193 The two channels A and B in FIG. 13b consist for 
channel A of the inverted input channel B and for channel B 
of the input channel A. Therefore combining the signals from 
channel Aout and channel Bout and channel Zb forms an 
index signal Z with a single pulse. Further signal combina 
tions are shown in the truth table 13c. 
0194 Signal processing according to the truth table can 
take place by the circuit illustrated (FIG. 13d). The circuit is 
controlled by two control signals X1 and X2. The signals Ain 
200 and Bin 201 are inverted by two inverters 206, 207. The 
circuit additionally contains 4 mutliplexers 208, which 
depending on the state of the control signals X1,X2 relay one 
of the two signals in the input to the respective output. In the 
examples presented in FIGS. 13a and 13b, the control signals 
are set at X1=0 and X2=1, where the travels are shown with 
thicker lines in FIG. 13d. The control signals X1 and X2 are 
produced in the decoding circuit. The decoding circuit is 
designed so that various settings or values for the control 
signals can be programmed in, which can take place during 
final product inspection. 
0.195. In FIG. 14, a special design of an absolute encoder is 
shown Schematically, which can determine an absolute posi 
tion signal even with stationary sensor head 11 or stationary 
shaft 157, or in cold start. This is made possible by a special 
device, which allows relative movement between material 
measure and sensor head. The device has a swivel arm 182 (or 
an equivalent device), on which the at least one sensor head is 
secured. The Swivel arm is driven by a motor, and produces a 
relative movement between material measure 13 and sensor 
head 11, which corresponds to a fraction, less than 5 degrees, 
of a complete revolution. The absolute position can be deter 
mined by evaluating the signals coming from the sensor head 
11. Once again, this is possible owing to the compact design 
of the sensor head and the tolerance-friendly design of this 
arrangement. 
0196. FIG. 14 shows the schematic construction of the 
absolute encoder with a housing 143, 145, a mounted shaft 
157, a rotary encoder 155 with a material measure 13 with an 
absolute track according to FIG. 9 and an incremental track 
according to FIG. 7, a carrier 182 that is fixed or can be 
Swivelled through a small angle, on which at least one sensor 
head 11 is applied. The rotary encoder 155 is secured cen 
trally on a shaft 157, said shaft in a housing 143 having a 
keyed connection with at least one bearing 180. 
0197) With a small movement of the axis or a movement of 
the rotary encoder of less than 3 degrees, a position number 
can be determined, with which an (absolute) position value of 
the rotary encoder can be determined. Then the position value 
can be determined either by addition/subtraction of the pulses 
from the incremental track or by determining further position 
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numbers. Redundant acquisition of the position values can 
easily be achieved by combining the two variants. 
0198 The Manchester code is read with one or more pairs 
of receiver elements (see FIG.9). A position number is deter 
mined between 1 and a maximum number of position num 
bers by a movement of the material measure relative to the 
sensor head. The length of the position number, expressed in 
binary form, is the number of bits, which is determined by the 
length of the material measure. The position number is deter 
mined by reading a number of Successive bits. A position 
number is defined by the material measure formed according 
to the Manchester code. On the entire length of the material 
measure, the position numbers are singular, i.e. determine in 
each case the position of the material measure relative to the 
light receivers. The position number read is converted into a 
position value by means of the decoding circuit. The position 
number is transferred by means of digital signals 181 and 
converted by a conversion circuit 187 into a position value. 
The conversion circuit 187 can be integrated in the decoding 
circuit 47 (also see FIG. 2). 
0199 Redundant determination of the position values can 
protect against reading errors, by recording several Succes 
sive position numbers. This means that in fact a “lengthened' 
position number is recorded. The lengthened position number 
is converted into several position values. If the position values 
cannot be arranged in a row, it could be concluded that there 
is a reading error of the Manchester code. 
0200 FIG. 14 shows an arrangement in which the conver 
sion circuit 187 is arranged outside of the sensor. The conver 
sion circuit 187 is connected by 3 lines 186 to the encoder, or 
its decoding circuit (Schematic representation). Two lines 
transmit the pulses from channels A and B (digital signal 104) 
and the third line transmits a digital signal 181, which forms 
the position numbers of the absolute track. In this way, posi 
tion information is transmitted redundantly between encoder 
10 and conversion circuit 187. This ensures reliable transmis 
sion of the position numbers and determination of the posi 
tion values. The conversion circuit 187transmits, by means of 
a conventional data bus 189, e.g. SPI, I2C, Profibus etc., the 
data for example further to an SPS control system. The con 
version circuit 187 comprises a microprocessor 188, which 
performs translation of the position numbers into position 
values. Translation of the position number into a position 
value can take place in two different ways: 
0201 a) a Manchester code generator forms position num 
bers successively; when one of the position numbers from the 
material measure to be translated coincides with the gener 
ated position number, the position number of the generator is 
outputted as position value, 
0202 b) in the microprocessor, a table is provided, which 
contains position values, wherein each storage location in the 
table or each position value is associated with a particular 
position number, so that position numbers can be assigned to 
particular position values. 
0203) A disadvantage of conventional encoder systems 
with Manchester code is that for determining the absolute 
position, a relative movement of the material measure, and 
therefore a movement of the machine components to be mea 
Sured, is necessary, in order to determine the absolute position 
values. This is not appreciated by the machine builder. 
0204. It is desirable to be able to determine a position 
value on Switching on the machines, before any movements 
take place. This is solved in that the rotary encoder has a large 
number of tracks, with at least one receiver element assigned 
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to each track. The circuit required for this is complex and Such 
a multi-track arrangement takes up a lot of space, so that 
position measuring devices of this kind do not fit into Small 
housings. 
0205. In another embodiment of the invention, means are 
provided that allow movement of the sensor head relative to 
the material measure internally in the sensor, so that determi 
nation of the position value becomes possible by pressing a 
button, without having to set the machine in motion. This is 
achieved by turning the sensor head or the carrier (e.g. a 
swivel arm 182) on which the sensor head is arranged, 
through approx. 3. This can for example take place with a 
motor 185 and a cam 184, which engages as a keyed connec 
tion in a slot 183 of the swivel arm 182. Instead of a motor 
with lever and cam, actuators of a different kind can be used. 
The signals produced by this movement (channel A, channel 
B and M-code) can then be used for determining the position 
values. 

0206 FIGS. 15 to 17 show a position measuring device. 
This is a kit encoder 10, which is of an especially compact 
design. This design is characterised by a particular arrange 
ment of the rotary encoder 155, of the material measure 13 
applied thereon, of the housing 143 and of the sensor head 11, 
which interacts with the material measure 13 to produce a 
signal. The material measure 13 is in this case located on the 
side 249 of the rotary encoder 155 that is opposite the housing 
143. This means a part of the housing 143 extending next to, 
along or essentially parallel to the flat side of the rotary 
encoder 155 and/or the upper part of the housing 143. Thus, 
the rotary encoder 155 is arranged between the inside of the 
housing 143 (or the inside of the aforesaid part of the housing) 
and the sensor head 11 or the printed-circuitboard 251. Based 
on the fact that the support 267 for the shaft (or at least the 
larger part, especially at least 70 or 90% of the length of the 
shaft Support) is arranged on the same side of the rotary 
encoder 155 as the material measure 13, there is a consider 
able saving of space. The reason for this is that the place of 
measurement, i.e. the region between material measure 13 
and sensor head 11, is arranged next to the shaft or the shaft 
support 267. During assembly of the rotary encoder 155 in the 
housing 143, the position of the rotary encoder 155 relative to 
the aforementioned part of the housing 143 parallel to it, or 
the distance between the inside of the housing 143 and the 
rotary encoder 155, are established by pressing in or deform 
ing the aforesaid parallel part of the housing 143, and releas 
ing it again after installing the rotary encoder 155. To make 
this easier, the material of the housing 143 on the aforesaid 
part that runs parallel to the rotary encoder 155 can be thinner 
or more elastic than the adjacent parts. Advantageously, the 
sensor head 11 is mounted on a printed-circuit board 251, 
which has a keyed connection with the housing 143. The 
printed-circuit board 251 can also be designed to assume the 
function of the Supporting plate. 
0207. This takes place by means of a snap connection 153. 
Very simple assembly of the encoder 10 can be achieved by 
using an adapterpart 255, which has a first fastener 257 and a 
second fastener 259. The first fastener 257 serves for securing 
the adapterpart 255 relative to the shaft centrally on the motor 
243 and can for example consist of Screws. The second fas 
tener 259 is advantageously a snap connection 259, which is 
formed for example by one or more projections 261 and one 
or more recesses 263. Projections 261 and recesses 263 can be 
arranged on the housing (especially on the inside wall of the 
housing) and/or on the adapter part 255. It is a detachable 
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connection. Advantageously, the housing 143 has an assem 
bly bearing 265, for receiving the rotary encoder 155 and/or a 
support 267 for a shaft that is connected to the rotary encoder 
155. This is because the rotary encoder 155 and the shaft 
support 267 can be formed either as one piece or can also be 
individual parts that are connected together. The assembly 
bearing 265 has the function of keeping the rotary encoder 
central to the housing during the assembly operation. The 
bearing itself can be a ball bearing or a sliding bearing made 
of Teflon, wherein the sliding bearing may be used as the 
rotation of the motor shaft is not loaded by Such a bearing. 
0208. The function of the assembly bearing is to ensure 
accurate alignment of the rotary encoder and of the sensor 
head (cf. axis 22 in FIG. 1). The bearing material Teflon has 
the advantage of a low coefficient of friction and especially 
pronounced creep behaviour, so that the bearing function in 
the assembled state is lost over time. This is desirable as the 
assembly bearing should lose its bearing function after 
assembly, so that the existing bearing system is not subject to 
any additional disadvantageous loading. It is also possible to 
use a rigid bearing (e.g. ball bearing), which is, however, 
advantageously connected elastically to the printed-circuit 
board 251. 

(0209. The radius of the rotary encoder 155 is smaller than 
the radius of the printed-circuit board 251. If the outer edge of 
the sensor head 11 relative to the rotation axis of the rotary 
encoder 155 is further outside than the outer edge of the rotary 
encoder 155, the rotary encoder 155 can be of smaller design 
and space is left e.g. for the cables mentioned below or the 
recess 273. In the encoder 10 according to the invention, the 
housing 143 and/or the printed-circuit board 251 and/or the 
rotary encoder 155 and/or the fasteners 253 and/or 259 are 
made of plastic. An especially compact design is achieved, 
moreover, when the contacting of the sensor head 11 takes 
place via a lateral opening 269 in the housing 143. This 
opening 269 is arranged advantageously on the side of the 
sensor head 11 and/or of the printed-circuit board 251 oppo 
site the rotary encoder 155. Thus, the contacting can take 
place on the underside of the sensor head 11 or when the 
sensor head 11 is contacted via the printed-circuit board 
251—on the underside of the printed-circuit board 251. The 
aforesaid contacting can be effected by means of one or more 
cables 159, which enter the housing 143 through the opening 
269. Advantageously, it is a ribbon cable 159 as shown in the 
diagrams, wherein a Flexprint can also be used. The opening 
269 is therefore advantageously of oblong shape and is 
arranged essentially parallel to the rotary encoder 155 and/or 
to the printed-circuit board 251. The ribbon cable 159 is also 
correspondingly oriented. If the housing 143 has, on a side 
245, a recess 273 adjoining the opening, this is especially 
advantageous. Especially when the recess runs from the 
opening along the side 245 of the housing 143 up to another 
side 247 or up to a rim of the housing 143 or up to an edge of 
the housing 143. The recess 273 can run from the opening 269 
e.g. up to the top 245 of the housing 143. The cable 159 can 
thus be positioned in the recess 273. If the housing 143 is of 
a cylindrical shape, the cable 159 is thus within the cylinder 
radius. Furthermore, it is advantageous if the position mea 
suring device, or the encoder 10 has one or more of the 
features such as are described in other parts of this document. 
We may mention in particular the configuration of the sensor 
head 11 and of the material measure. The material measure 
has for example at least two tracks, wherein one track is an 
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incremental track and wherein a second track is either an 
index track or an encoded track, as described in this docu 
ment. 

0210. The parts shown in FIG. 17 together form a compo 
nent of a device, which can be inspected or tested before 
shipment from the factory. Together with the fastener 255 (cf. 
FIG. 15) the aforesaid component of a device forms an assem 
bly kit, which can for example be fitted on a motor without 
particular expense. 
0211 FIG. 18 shows an advantageous connection technol 
ogy for securing a rotary encoder 155 on a shaft 157. The 
rotary encoder has a through-hole 272 with a special shape, 
for example a cylindrical shape with 3 (or more) flat or flat 
tened regions 271. The rotary encoder is arranged centrally on 
the shaft 157, by inserting the shaft 157 into the through-hole 
272. The mounting of a plastic rotary encoder on a metal shaft 
is not so simple, when the requirements relating to concen 
tricity tolerances and interference fit are considered. An 
excessive interference fit can lead to breakage of the rotary 
encoder made of plastic. Moreover, this may not happen until 
after a certain time period, i.e. for example several months 
after assembly. The concentricity tolerance directly impairs 
the quality of the encoder function. This arrangement is 
advantageous especially for the toolmaker. He can adjust the 
centring of the parts most accurately by grinding flats on the 
tool punch. The spaces or channels 275 provide room for 
adhesive, which in combination with a very easy interference 
fit can avoid the risk of cracking and ensures a reliable con 
nection of the two parts. 

1-6. (canceled) 
7. A position measuring device, comprising: 
a housing: 
a plate having a keyed connection to the housing and defin 

ing a recess; 
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a sensor mounted on the plate and having a light source and 
a light receiver element arranged in the housing: 

a rotatable rotary encoder configured to be mounted on a 
shaft of a device with a shaft Support and arranged 
between the housing and the plate, the recess of the plate 
provided for the shaft support; and 

a reflective material measure with optical elements pro 
vided at a distance from the sensor, the material measure 
being arranged on a side of the rotary encoder opposite 
the housing and a larger part of the shaft Support 
arranged on a same side of the rotary encoder as the 
material measure. 

8. The position measuring device of claim 7, wherein the 
plate is connected with the keyed connection to the housing 
with a Snap connection. 

9. The position measuring device of claim 7, further com 
prising an adapter comprising a first fastener for connecting to 
the device and a second fastener for keyed connection to the 
housing. 

10. The position measuring device of claim 9, wherein the 
second fastener comprises a Snap connection. 

11. The position measuring device of claim 9, further com 
prising a Snap connection comprising one or more projections 
on the adapter and one or more recesses on the housing. 

12. The position measuring of claim 7, further comprising 
an assembly bearing in the recess of the plate housing the 
shaft Support. 

13. The position measuring device of claim 7, wherein the 
device comprises a motor. 

14. The position measuring device of claim 7, wherein the 
position measuring device comprises an encoder. 
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