WO 03/ 006926 Position Measuring Device PCT/EP02/ 07453 The invention
relates to a position neasuring device in accordance with the preanbl e of
claim 1.- Such position neasuring devices are enployed in particular in
connect’ion with processing machinery for neasuring the relative position
*of a tool inrelation to a workpiece to be processed, wth
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position neasuring device is an angle or |inear neasuring device, wherein
the scale is directly installed on the drive unit (rotatory notor or

linear nmotor), or the scale wmwmmmmmmmﬁmmgn a conponent driven by the
drive unit. The scale of such asuring device known, for
exanple, fromDE 92 09 801 U, hascmewperi odic scal e graduation for
generating counting signals, as well as reference markings for generating
ref erence marking signals. An absolute relation of the position

measur epent ionl Meheupiadubediker t he position of the reference marking via
this reference marking signal in that a counter is placed at a

predetermnm ned counter setting. It is often necessary at the start of a
position neaSheeiamentébnoweAgtesbiteak pRsikécopmeasiuaingedavseeofinl oss of

ener gy ;8uBRh¥nc@swieh! the pRkar®ikeoki RGsapdichecking the counter setting,
to approach the reference marking starting froman arbitrary position. To

this end, are&UflrRPEFSIREY BeBSEA 1agplp¥d Cefo ke e8Py edo i ThPaA$ i6U L@ ch
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one Orp%@?tgggegfsgd%oga in relation to a workpiece to be processed,
with coordinate-measuring machinery for determining the position
and dimensions of test objects, and lately increasingly in the
semiconductor industry as well, for example in connection with
wafer steppers. 1In this case the position measuring device is an
angle or linear measuring device, wherein the scale is directly
installed on the drive unit (rotatory motor or linear motor), or
the scale is installed on a component driven by the drive unit.

The scale of such a position measuring device known, for
example, from DE 92 09 801 Ul, has a periodic scale graduation for
generating counting signals, as well as reference markings for
generating reference marking signals. An absolute relation of the
position measurement will be produced for the position of the
reference marking via this reference marking signal in that a
counter is placed at a predetermined counter setting.

It is often necessary at the start of a position
measurement following a break in the operation because of loss of
energy supply, as well as for correcting and checking the counter
setting, to approach the reference marking starting from an
arbitrary position. To this end, area markings have been applied
to the scale, by means of which it is possible to differentiate
whether the scanning device is located on one or the other side of
the reference markings. This area marking is embodied on one side

of the reference markings in the form of a continuous opaque




the reference markings. This area marking is enbodied on one side of the
reference markings in the formof a continuous opagque WO 03/ 006926

PCT/ EP02/ 07453 strip. On the other side of the reference narkings the area
marki ng i s enbodied as a transparent area. A common photo receiver is
rarranged in the scanning device for scanning both area markings. The
decision as to whether the scanning device is |ocated on one or the other
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| evel s of this neasuring signal this differentiation is problematic, since
the nutual distance between the levels is very short. This neasuring
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expl ai pedubl diedhAbedBbiveehNtWRallevels is very short. This measuring
signal can also easily be affected by partial soiling of the
scale, so that a wrong position of the scanning device is
detected.

It is therefore the object of the invention to disclose a
position measuring device by means of which it is possible to more
assuredly differentiate between several measuring areas next to
the reference markings.

This object is attained by means of a position measuring
device having the characteristics of claim 1.

Advantageous embodiments are recited in the dependent
claims.

The position measuring device designed in accordance with
the invention has the particular advantage that the assurance of
an unequivocal differentiation as to whether the scanning device
is located on one or the other side of the reference markings is
relatively great. The safeguard against interference is
increased.

The invention will be explained in greater detail in what
follows by means of an exemplary embodiment, making reference to
the drawings.

Shown are in:

Fig. 1, a schematic sectional representation of a position




foll ows by neans of an exenpl ary enbodi nent, making reference to the

drawi ngs. Shown are in: Fig. 1, a schematic sectional representation of a
position -2*WD.03/ 006926 PCT/ EP02/ 07453 measuring device, Fig. 2, a view
from above on the scale of the position neasuring device in accordance
‘Wth claiml, Fig. 3, a view from above on the photo receiver arrangenent,
Fig. 4, a view from above on the scanning plate, Fig. 5 the course of the

scanni pg Bgzgﬁsbgﬁthe area of the reference narkings, gﬁgggﬁggﬁgg géence

mar ki ng srgha 7, the course of the scanning be e of
the reference narklngs, Fig. 8, the course of the scanning beans on the
other side of the reference markings, Fig. 9, a circuit arrangenent, Fig.
10, the area ,signal, and Fig. 11, the limt signal. A photoelectric
|ncren@ﬁ?ﬁPrbﬁgl@?thﬁeasurlng device in the formof a |linear neasuring

devi ce, haVInglg sgal g &1ewhfﬁbmcaaovbeoﬂlaﬁéagéalénothehaegégﬁtﬁan
direction X i ﬁ?atlon to_a annlnggng gaﬁg is showmm in Fig. 1
S

peri odf"c? FHEFE%E XFcenéﬁsaFFﬁﬁ gr&8u Iheen applied to the scale

1in a first FigackR, andiew &rsecahdverankther phetencecedarkirng 4, as wel |
as arga, gﬁgghggg 5 and 6. For photoel ectric scanning of the scale 1, the

scanni ng rce conprises a light source 7, whose light is
Fig. 4, a view from above on the scanning plate,

Fig. 5, the course of the scanning beams in the area of the
reference markings,

Fig. 6, reference marking signals,

Fig. 7, the course of the scanning beams on one side of the
reference markings,

Fig. 8, the course of the scanning beams on the other side
of the reference markings,

Fig. 9, a circuit arrangement,

Fig. 10, the area signal, and

Fig. 11, the limit signal.

A photoelectric incremental position measuring device in
the form of a linear measuring device, having a scale 1, which can
be displaced in the measuring direction X in relation to a
scanning device 2, is shown in Fig. 1. A periodic incremental
measuring graduation 3 has been applied to the scale 1 in a first
track, and in a second track a reference marking 4, as well as
area markings 5 and 6. For photoelectric scanning of the scale 1,
the scanning device 2 comprises a light source 7, whose light is
bundled in a collimator 8 and is directed through a scanning plate
9 onto the scale 1. The light impinging on the scale 1 is
reflected in a position-dependent manner at the measuring
graduation 3, the reference marking 4, as well as the area
markings 5 and 6 and impinges on the photo receiver arrangement
10. The scale 1 is represented in a view from above in Fig. 2,

and the photo receiver arrangement 10 in Fig. 3. How the light is



bundled in a collimator 8 and is directed through a scanning plate 9 onto
the scale 1. The light inpinging on the scale 1 is reflected in a

posi ti on-dependent manner at the measuring graduation 3, the reference
mar.king 4, as well as the area markings 5 and 6 and i npinges on the photo
-receiver arrangenent 10. The scale 1 is represented in a view from above
in Fig. 2, and the photo receiver arrangenent 10 in Fig. 3. How the |ight
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on the reflecting phase grating 3, is nodulated as a function of the
position by being diffracted into different partial beam bundles, which
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the thpééephetoaretefvBrsioniofipositignwhpcheprbysaatngd on Fags. 5, 7
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counting signals are generated in a known manner by interpolation.

A scanning beam bundle 12 is guided in the area of the

reference marking 4 to the scanning plate 9 by the reflecting
fields of the reference marking 4. 1In the area in which this
reflected light impinges, the scanning plate 9 has a scanning
field 13, which consists of an aperiodic grating with transparent
fields 13.1 and transversely deflecting fields 13.2 (Fig. 4). A
transverse split occurs, since the light passes through this field
13 on the way to, as well as back from the scale 1. By means of a
suitable selection of the grating parameters it is possible to
generate a counter-clock reference marking signal R1 from the
light which reaches the receiver 131 (Fig. 6). Another part is
deflected into transverse first orders, of these, one is detected
by means of the photo receiver 132 and a clock reference marking
signal is generated by the latter (Fig. 6). A resulting reference
marking signal R is generated by superimposition (R = R2 - R1l) of
the counter-clock reference marking signal R1 on the clock
reference marking signal R2. The design of the scanning plate 9
for scanning the reference marking 4 is represented in Fig. 4, and
the path of the scanning beams in Fig. 5. This scanning principle

is extensively explained in EP 0 669 518 Bl, to whose disclosure




| i ght which reaches the receiver 131 (Fig. 6). Another part is deflected
into transverse first orders, of these, one is detected by neans of the

photo receiver .132 and a clock reference mar ki ng signal is generated by

the latter (Fig. 6). Aresulting reference narking signal Ris generated
by superinposition (R=R2 - Rl) of the counter-clock reference marking

signal R on the clock reference marking signal R2. The design of the
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principle is extensively explained in EP 0 669 518 Bl, to whose disclosure
-4 WO 03/ 006926 PCT/ EP02/ 07453 reference is expressly nmade. A first segnent
of the collimator 8 is used for collimting the scanning beam bundle 12 of
t he uppefereneR i8 eKprpASLy mpeeei vers 131, 132, 133, 134, and a second
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opposite the reference marking 4, the photo receivers 131, 132
generate a reference marking signal which is unequivocally
assigned to an incremental timing impulse. This timing impulse
unequivocally defines a portion of the track which, because of the
interpolation, is smaller than a graduation period of the
measuring graduation.

The scale 1 is evenly reflective on the left side of the
reference marking 4. If the scanning device 2 is located opposite
this reflecting area marking 5, the impinging scanning beam bundle
12 is directed in accordance with the path of the scanning beams
in Fig. 7 onto the photo receiver 131.

A diffraction grating 6 as an area marking is arranged at
the right side of the reference marking 4 on the scale 1. This
diffraction grating 6 is a phase grating which suppresses the 0Oth
order of diffraction to a large degree and deflects the impinging
scanning beam bundle 12 into the + 1st order of diffraction.

These diffraction orders, which were reflected at the diffraction

grating 6 and deflected in the measuring direction X, are
concentrated on the photo receivers 133, 134 by the collimator 8.
This path of scanning beams is represented in Fig. 8.

Thus, the direction of light is deflected at the area




this reflecting area nmarking 5, the inpinging scanning beambundle 12 is
directed in accordance with the path of the scanning beans in Fig. 7 onto
t he photo receiver 131. A diffraction grating 6 as an area marking is
arranged at the right side of the reference marking 4 on the scale 1. This
diffraction grating 6 is a phase grating which suppresses the Oth order of
diffraction to a | arge degree and deflects the inpinging scanning beam

bundle 12 into the 1st order of diffraction. These diffr i ers,

whi ch Rr@3/8P¢%2%ed at the diffraction grating 6 andbéigggé%2§7?%gthe
measuring direction X, are concentrated on the photo receivers 133, 134 by
the collimtor 8. This path of scanning beans is represented in Fig. 8.
Thus, the direction of g is deflected at the area -5 WO 03/006926
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pr oduc od steps a there ore the corréct a55|gnnent
of thdigeatiags 3, 4, 6 in relation to each other is assured. In the
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marking 4 and the area marking 6 are phase gratings, which entails
the advantage that these gratings 3, 4, 6 can be produced in
mutual method steps and that therefore the correct assignment of
the gratings 3, 4, 6 in relation to each other is assured. 1In the
example, the phase grating 6 has the same parameters as the
measuring grating 3.

Because of the optically different design of the right and
left side of the reference marking 4, the scanning beam bundle 12
is either reflected into one direction and directed onto the photo
receiver 131 or, reflected into a direction different therefrom,
is directed onto the photo receivers 133, 134. Thus, an
unequivocal area signal B (Fig. 10) is available in both
positions. In contrast to the prior art, an area signal greater
than zero is available on both sides of the reference marking 4,
so that a disruption of the scanning beam path, for example
because of soiling, can also be detected.

Because of the step in accordance with the invention it is
possible to arrange the reference marking 4 and the area markings
5, 6 on a common track, i.e. one behind the other in the measuring
direction X, so that the areas 4, 5, 6 are scanned by a common
light beam bundle 12. The deflection onto the photo receiver 131
or the photo receivers 133, 134 is accomplished by the




Because of the optically different design of the right and Ileft side of
the reference marking 4, the scanning beambundle 12 is either reflected
into one direction and directed onto the photo receiver 131 or, reflected
into a direction different therefrom is directed onto the photo receivers
-133, 134. Thus, an unequivocal area signal B (Fig. 10) is available in

bot h positions In contrast to the prior art, an area signal greater than

zero is_available on both sides of the reference marki 4 0, 1 a
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al so be detected. Because of the step in accordance with the invention it
is possible to arrange the reference marking 4 and the area markings 5, 6
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20. An unequi vocal™ differertiati on whether
the output signal R1 from the photo receiver 131 and the output

signal Bl from the photo receivers 133, 134 are conducted to a
differential circuit 20. An unequivocal differentiation whether
the scanning device 2 is located on the right or the left side of
the reference marking 4 can be made from the amplitude of the area
signal B. It can be seen that the mutual distance between the
levels is relatively large. Because of forming the difference,
the area signal B becomes independent to a large extent of the
illumination strength.

A particularly advantageous evaluation unit for forming the
area signal B is represented in detail in Fig. 9. The counter-
clock reference marking signal R1 and the clock reference marking
signal R1 are added together, weighted differently, in an adder 21
to form the signal B2 = R1 + 1.45 e R2, By means of this a
smoothing of the otherwise relatively strongly oscillating area
signal B is achieved in the area of the reference marking 4. The
output signal B2 from the adder 21, as well as the signal Bl, are
supplied to the differential circuit 20 for forming the area
signal B = B2 - 3 e Bl. The area signal B is fed to a comparator
22, in which the area signal B is compared with a reference wvalue
B0. If the reference signal B is greater than the reference value
B0, this means that the scanning device 2 is located on the right



t he scanning device 2 is located on the right or the left side of the
reference marking 4 can be nade fromthe anplitude of the area signal B.

It can be seen.that the nutual distance between the levels is relatively

| arge. Because of forming the difference, the area signal B becones
<-independent to a large extent of the illumnation strength. A particularly
advant ageous evaluation unit for formng the area signal B is represented
in detgl Jin Fig. 9. The counter- clock reference marKki and the
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differently, in an adder 21 to formthe signal B2 = Rl1 + 1.45 R2. By
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area signal Bis achieved in the area of the reference marking 4. The
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scannln eV|c and are also call endcmp% sition switches or limt
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descrlbed in DE 41 11 873 C2 and EP 0 145 844 B1l.

In connection with a position measuring device with area
markings designed in accordance with the invention, the function
of end position switches can be realized in a particularly
advantageous manner in that the area markings 5, 6 are partially
covered in the limit areas 50, 60. As represented in Fig. 2,
screens 51, 61 have been applied to the scale 1 to this end.

These screens 51, 61 can be realized in the form of displaceable
clips extending around the scale 1 and made of spring sheet metal,
or they can also be sputtered on or glued to the surface of the
scale 1, or embodied in the form of filter glass. The screens 51,
61 particularly affect the output signals Bl, R1l of the photo
receivers 133, 134, 131, and therefore also the level of the area
signal B in the limit areas 50, 60. Four different areas of the
scale 1 can be distinguished by means of the path of the area
signal B, namely the left limit area 50, the left area 5 of the
reference marking 4, the right area 6 of the reference marking 4,
as well as the right limit area 60. Since the different
deflection of the scanning beam bundle 12 is maintained in the
limit areas 50, 60, the directional information - right side, or

left side of the reference marking 4 - is also contained in the



Wi th such end position switches, or limt markers, are also described in
DE 41 11 873 C2 and EP O 145 844 Bl. In connection with a position
measuring device with area markings designed in accordance with the
invention, the function of end position switches can be realized in a
«particularly advantageous manner in that the area markings 5, 6 are
partially covered in the limt areas 50, 60. As represented in Fig. 2,
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di fferenc between the lint areas 50, 6 n he r i nin rea.
Theref&Fg'ing g%%nal R1 and the cloc reé%f%ﬁ%é é%ré?ﬁ% sié%éi‘%ﬁ,

weighted differently, to form the signal B2 = R1 + 1.45 e R2. The
output signal B2 from the adder 21, as well as the signal Bl, are
fed to a further adder 23 for forming the signal L1 = B2 + 3 e Bl.
The signal L1 is supplied to a differential circuit 24 for
forming the limit signal L = L1 - M, wherein M is the sum of the
measuring signals M1, M2, M3 from the measuring graduation 3,
which have been added together in an adder 25. The limit signal L
is conducted to a comparator 26, in which the limit signal L is
compared with a reference value BO. If the limit signal L is
greater than the reference value B0, this means that the scanning
unit 2 is located in the permissible area. TIf the limit signal L
ig less than the reference value B0, this means that the scanning
unit 2 is located in one of the limit areas 50 or 60. Whether the
scanning unit 2 is located in the right or in the left limit area
is determined by means of the area signal B.

The directionally selective deflection onto the photo
receivers 131, or 133, 134, is maintained because of the optical
influence on the area markings 5, 6 in the limit areas 50, 60, so
that no additional photo receivers are required for scanning the
limit areas 50, 60. Furthermore, a space-saving arrangement of

the area markings 5, 6, and of the limit areas is assured. It is



the interference distance is relatively large. For generating the limt
signal L, the circuit arrangenent has an adder 21, which adds together the
counter-clock reference marking signal R and the clock reference marking
signal Rl, weighted differently, to formthe signal B2 = Rl + 1.45 R2.
+The output signal B2 fromthe adder 21, as well as the signal Bl, are fed
to a further adder 23 for formng the signal L1 = B2 + 3 Bl. The signal U

is sup fferential circuit 24 for formng t
L1 - R}%er}&) dé l{&/ﬁr)]%\gag/l\@ omthe

eln Is the sumof the nmeasuring signals
measuring graduation 3, which have been added together in an adder 25. The
limt signal L is conducted to a conparator 26, in which the limt signal
L is conpared with a reference value BO If the limt signal L is greater

than t RFETAIRE Vidl fOBEORHIRI rdith 2 49ats IHR s danriihy SearRingi s

I O]g:at edsllghaulme RIer rmtsEaan! Q:cﬁﬁk@ﬁj[.ehd Int hhae &wedltmaarpelngtemér& ||ﬁ$5acsc|5lgfdér|i@e
rererence va I.S neans a scanni n | S ocatea 1 h one
of the YWi%H ;‘f 50-BRED. T Wt haé}é f(re%f @%ﬁ?ﬂr{?%gtlhﬁ ]t”?“r SiFat dd 3 The
ri ght adedond Herkeide Imrmet cﬁrmriﬁg died et na Hee oF dys e awtse 104 it hehar £arst gnal
B. The d|re0|onllys ectliv ti.on thep t [eceivers 1, or
133, 1&4l ka§ i Nt ai ne abler%:saut?é oé atlo ogéalot Pugenceen%encj? e‘saern 1t3h

mar ki nggeadming sidreals niRl ar i ,SOanCBO:hesosectdrad ]rmﬂ*aidlﬁf tTwkel aphot o

recei Velfy & d eGul e f)or Sﬁ@ﬂ:‘ﬁé@ d1&s0411R4 c?ﬂ’ &are 5Qca16<9 Fusthggmore, a

space-savi ng arrangenent of “the area markings 5, 6 of t'he I|mt areas

i s assUMEETIYPGion QW%/WQD@QEP@@M@%M&%Wl fLfR1l

form ngaélhﬁv anea 1 ANAnds HdIUS @I Nth S adsganflle B:Jhélrﬁarﬁ@ﬂbl ned in a
circuit, rangenent. i n accordance V\Ilthoaffll‘st i nk ue nd. f or

fornlndji Mg 'qnsﬁiﬁﬁﬁanqq? in case an error t an 1 imit area
had been reached.

Alternatively the limit markings can also be established in
that the intensity of the orders of diffraction is wvaried, used
for this are the grating parameter dash-gap conditions and, with
phase gratings, the phase depth. With this alternative the
direction of the deflected light, and therefore the area
information, is also maintained.

The limit markings can also be constituted by further
deflecting areas which differ from the area markings 5, 6 in such
a way that they direct the impinging light in an other direction
onto further photo receivers. In this case, the limit markings
are then gratings with other grating parameters (graduation period
and/or grating direction) than the gratings of the area markings
5, 6. If the first orders of diffraction are detected, different
locations in the focal plane, and therefore different photo
elements, are availlable to the limit areas.

In accordance with the represented example, the scale 2 is
embodied to be reflecting. 1In a manner not represented, the scale
can also be embodied to be transparent, so that the gratings 3 and
6 are designed as transparent diffraction gratings. Thus, the

invention can be realized for incident, as well a transmitted
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second linkage rule differing fromthe first, wherein the first |I|inkage
rule contains the formation of the difference between the scanning signals
(R - Bl), and.the second linkage rule an addition (RL + Bl). In case of
soi-ling of the scale 1, or an interruption in the scanning beam path, the
‘limt signal L falls belowthe reference value BO. In this exanple the
sane information is generated in case of an error than if alimt area

. e of an e ea
' Cnal IR (O the orders of dif1raction 18 QT BR02CS or

this are the grating paranmeter dash-gap conditions and, with phase
gratings, the phase depth. Wth this alternative the direction of the
defl ected light, and therefore the area information, is also naintained.
The i nt¥SHar¥GaRfEiRan al so be constituted by further deflecting areas
whi ch differ me:rndiner:‘ﬁ@at nBtidtt $gSeSeifers SUCH 133 Way34d hate t HeycHbteCt

t he |np i n. an. other rection .onto further photo receivers. In
this casecgi\p]ﬁdd%ﬁ f T Frar Ki ngs a?ie ‘t‘%ré"ns g?%t?rhgasr’f/ﬁlﬁfh ot her grating

par anet ers (griadushé (ﬁb@eqr i ogbreseiited drampaioestexmplidanthdeageat i ngs
f th fil
of the rﬁéﬁ@ld?éekfcﬁg%léfeleenﬂiaﬁiﬁ Bé%cé)tf d@{lsl&is dr’n%éétﬁ)é%ﬁ? N ALEs 1on%t

detected, difTerent |ocations | ane efore dif ere
photo Wienifle afe AL IRgS ovith (it fexent ﬁlé%l'slng PR dernse wheheine

repr esefHe R0y Hadtdifetsedd cange SIRMH B toReonel heLdiPng | Hréa NBHNET
not represented, the scale can also be enbodied to be transparent so t hat

the gr TN UGRAFUTEING ATRA| gnbiy M ITEEIIAL YR WAY f riles i SRR g% ngs.
Thus, tperdamevents carcalde cleaidge esbiinidgs denin @sdewel to adésagpsnatted - 10

WO 03/ O&Geggéef%n@qg/oogﬁegasuring areas differently from each other.

A further application of area markings is the marking of
the surrounding area on both sides of the reference marking. It
is therefore possible to generate an area signal in areas on both
sides of the reference marking which points out the next reference
marking, so that as a result of this it is possible to reduce the
displacement speed, if required.

In conclusion, the invention therefore consists in
disclosing a position measuring device having a scale and a
scanning device, which is movable in relation to the latter in the
measuring direction, wherein

- the scale has a measuring graduation, and periodic
measuring signals can be generated by scanning the measuring
graduation,

- the scale has at least one reference marking, and a
reference marking signal can be generated by scanning the
reference marking signal,

- the scale has optically scannable area markings, and by
means of the photoelectric scanning of the area markings with a
scanning beam bundle an area signal can be generated, by means of
whose characteristics several measuring areas next to the

reference marking can be differentiated, and
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| i ght scanning. The different photo receivers 131, 133, 134 are discrete
i ndi vidual receivers, or elenents of an array. In the above represented
advant ageous exanple, the area mnarkings for differentiating between

vari ous measuring areas along the scale are gratings with different
‘grating paraneters, wherein the grating paraneters change suddenly from
one neasuring area to another neasuring area. In an alternative may t he
gratin can al so change continuously in ord

gr eat eSNOO Wﬁﬁmasurl ng areas differently from eacﬁgc’%})m%?} urther
application of area markings is the marking of the surrounding area on both
sides of the reference marking. It is therefore possible to generate an
area signal in areas on both  sides of the reference marki ng_which ints
out the next refidtefdee MARFINES &Fe PR E Y i fenthy sder'?l“i’%tjg‘&si bl e
to redusleeridifts divﬂp]cacetmmecs:paﬁcb irﬁp:l’r&j,mﬂg’ etbarii reprsdatsimmdldein the

i nvention therefore consists in |§g fﬁ%ﬁ%ﬁ? é§9§btlon neasurlng devi ce
hawngascé‘ie“éerﬁfl‘g ré%aefﬁefaf?gocféji/ i api eI Telation to the
latter in the nmeasuring direction, wherein - the scale has a neasuring
graduation, and periodic neasuring signals can be generated by scanning

the nmeasuring graduation, - the scale has at | east one reference marking,
and a reference marking signal can be generated by scanning the reference
mar ki ng signal, - the scale has optically scannabl e area marki ngs, and by

means of the photoelectric scanning of the area markings with a scanning
beam bundl e an area signal can be generated, by neans of whose
characteristics several nmeasuring areas next to the
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reference marking can be differentiated, and -11 WO 03/ 006926

PCT/ EP02/ 07453 - the area markings are optically differently deflecting

el enents, which deflect the inpinging scanning beam bundle in the various
nmeasuring areas onto different photo receivers. WO 03/006926 PCT/ EP02/ 07453
*Clainms 1. A position neasuring device having a scale (1) and a scanning
device (2), which is novable in relation to the latter in the nmeasuring

directi Mgrein - the scale (1) has a neasuring t@&ﬂg %% and
periodﬁ@pé% éﬁ}lng signals (M, M2, M3) can be generaté%g ééjghé th

measuring graduation (3), - the scale (1) has at |east one reference
marking (4), and a reference marking signal (Rl, R2) can be generated by
scanning the reference marking signal (4), - the scale (1) has optically

scannabl e area markings (5, 6), and by neans of the photoelectric scanning
of the area markings (5, 6) wth a sgaimgg beam bundl e (12) an area
signal (B) can be generated, by neans of whose characteristics severa
measuring areas (5, 6, 50, 60) next to the reference marking (4) can be
differentiated, afdpostitdar eseamrkingsleariceoitdwiald ya dddls efd) yand a

der) ecidcg e 5010) wiltieh SLe 4 1S, I SN N Bealn

bundle (12) I'n the vari ous neasurln areas
phot o ﬁ%E%FW%F%HﬁigﬂdlﬂﬁFtHEMJ fﬁﬁsltlon measuring device in

accor dance wi t-h ttleigBallb (qhar}@cé %r IR U d@frdifataRid cad) y fgf! ecting
el enent S ar cgrmaetalsrll.g: n%S s:.g?navfst h(MdlI ffMer,erMB )grc%atr{ rf)ge pgaernaer;'E::Eteercis by

scanning the measuring graduation (3),

- the scale (1) has at least one reference marking (4), and

a reference marking signal (R1, R2) can be generated by scanning
the reference marking signal (4),

- the scale (1) has optically scannable area markings (5,
6), and by means of the photoelectric scanning of the area
markings (5, 6) with a scanning beam bundle (12) an area signal
(B) can be generated, by means of whose characteristics several
measuring areas (5, 6, 50, 60) next to the reference marking (4)
can be differentiated, and

- the area markings are optically differently deflecting
elements (5, 6), which deflect the impinging scanning beam bundle
(12) in the various measuring areas (5, 6, 50, 60) onto different

photo receivers (131, 133, 134).

2. The position measuring device in accordance with claim
1, characterized in that the optically deflecting elements are

gratings (5, 6) with different grating parameters.

3. The position measuring device in accordance with claim
2, characterized in that the measuring graduation (3), the

reference marking (4) and the area markings (5, 6) are phase

grills.
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3. The position nmeasuring device in accordance wwth claim 2, characterized
in that the neasuring graduation (3), the reference marking (4) and the
area markings (5,6 6) are phase grills. -13 WD 03/006926 PCT/ EP0O2/ 07453 4.
The position neasuring device in accordance with one of the preceding
*claims, characterized in that the area markings (5, 6) and the reference
marking (4) are arranged on a common track. 5. The position neasuring

devi ce y éigij%e with one of the preceding clains, i in
t hat thwe&v%f/i:dgts photo receivers (131, 133, 134) are a?&a/ﬁ%lg@’?wé%ch a

way that a scanning beam bundl e (12) inpinging on the reference marking
(4) 1is also directed onto at | east one of these photo receivers (131,

133, 134). 6. The position nmeasuring device in accordance with one of the
preceding clains, characterized in that it is possible to differentiate by
means of the ar.ea TiegnmdsiB)omhetd@urihe &eardd nth HdevdeBaddd Wwach as@d esk on

the fir qQr_the..second side qgf th ref erenc rki.ng (4 in that the

ar ea natrsrLel o L tqrqteajfnﬁ’stc %F%ngeiﬁl% %%%%&‘%ﬁ??‘%%d“?%“?%s PS'
enbodi € iand Udie referdarme mateingpi4giane scarariged beram beowthen (123ck .

i npinges on a first photo receiver (131), and the area marking (6) on the
second side of the_ reference marking (4)_ is enbodied in such a way that

t he i npi ngi ng °scaitfi MPHEARDIRRAT{TY e 9/ e GFerdanes wheh seroref
photo tlecgnefeditds,clddls, Thabecasi 1d DN dTaasl vl daw Lsud prasesr dance

ith claim. 6 h terjzed jn that the area marKki (5) on .the first side
\(l)v:‘ tﬁera‘%'cer%lé’ré ge r C’kﬁ# ’(?t])gzﬂs aerrﬁ)c?df?dqqeé?b‘él r%“fqr}gcativ}?gyotrhi‘traﬁﬂsparent,

and t hemednmibddany (B)dlen (1) seqondyisiglemftidhereference marking (4)

is also directed onto at least one of these photo receivers (131,
133, 134).

6. The position measuring device in accordance with one of
the preceding claims, characterized in that it is possible to
differentiate by means of the area signal (B) whether the scanning
device (2) is located on the first or the second side of the
reference marking (4), in that the area marking (5) on the first
side of the reference marking (4) is embodied in such a way that
the impinging scanning beam bundle (12) impinges on a first photo
receiver (131), and the area marking (6) on the second side of the
reference marking (4) is embodied in such a way that the impinging
scanning beam bundle (12) impinges on at least one second photo
receiver (133, 134).

7. The position measuring device in accordance with claim
6, characterized in that the area marking (5) on the first side of
the reference marking (4) is embodied to be reflecting or
transparent, and the area marking (6) on the second side of the

reference marking (4) is embodied as a diffraction grating.

8. The position measuring device in accordance with one of
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reference marking (4) is enbodied as a diffraction grating. 8. The position
ngasuring devicegig ;ccordance with one of -14 WD 03/006926 PCT/ EP02/ 07453
claims 6 or'7, .characterized in that the scale (1) has linmt areas (50,
60y, wherein the limt areas (50, 60) are formed by neans of a partial
‘change in the optical effect of the area markings (5, 6). 9. The position
measuring device in accordance with claim 8, characterized in that the

limt afeas (ko) are formed by the partial coveri %&%@e Fth claim

mar ki ngs (5, 6). 10. The position neasuring device in _

9, characterized in that a screen (51, 61) has been applied to each of the
area markings (5, 6). 11. The position measuri ng device in accordance with
one ofc;henpr ed| cl.ai s to 10, characterized in that at |east one

f it §Lsi gndh rﬁft%‘)zecdarilbe”&énér% SF e niddndias 1imme:
;ﬁofgg:;;;a?asgziﬁ; i T e e S b ect 11 ¢

doner at S S, Locoee ey TREgs il SES RGRER DS ) e FZQSPG
enerate resp
?he se&@ﬁﬁj%ﬁﬁ%d Sredei-ver (133, 134), wherein for fornlng an area si gnal

(B) these signals (R, Bl) are conbined in an evaluation unit in

accor dance mnth a flrst | inkage rule, and for formng a limt signal (L)
are combinedi'n FOEoPEICEN MeaFUEddndeniiveaga melaorgiatas iwigh claim

t her ef Bomcharacterized in that the limit areas (50, 60) are formed by
the partial covering of the area markings (5, 6).

10. The position measuring device in accordance with claim
9, characterized in that a screen (51, 61) has been applied to
each of the area markings (5, 6).

11. The position measuring device in accordance with one
of the preceding claims 6 to 10, characterized in that at least
one reference marking signal (R1, R2) can be generated by means of
the photoelectric scanning of the reference marking (4), by the
photoelectric scanning of the area markings (5, 6) a second
scanning signal (Bl) can be generated by respectively the first
photo receiver (131) and by at least the second photo receiver
(133, 134), wherein for forming an area signal (B) these signals
(R1, Bl) are combined in an evaluation unit in accordance with a
first linkage rule, and for forming a limit signal (L) are
combined in accordance with a second linkage rule differing
therefrom.
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