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posi tion-neasuring deviggjdcl udes a track which has an incremental
graduati on extendi ng aI&ng a measuring direction having a specified
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dLrecé:?P}action) havi ng one conponent perpendicular to the neasuring
g_y tion (transverse), the direction of bending at the discontinuity
d;L?gt:ﬁg fromthe direction of bending in the other regions of the
i ncrenental graduation; and the scanning unit having at |east one
reference pul se detector elenment; preferably at !Qast two reference pul se
detector elenents, which are provided having a different direction of

[ [ing radiation beams. 1 2 3 MAR 2007 The perpendicul ar
25?2%2?(}%%&{%%?% a%%‘(/eer?gleoréuiﬁts%?%@g WPt A Pe§pé¢bnt-mealaarﬁrat§sur| \r/]grse
directi@hﬂdbn$_ﬁmn gﬁnﬁram@w@sﬁ?éSthngnﬁ?%ﬁ?égng§§EFﬁé8a£0tQge rans
substru%&%gﬁ%fgng%téigfglfxact y perpén y

Such a positfon—measuring device includes a track which has an
incremental graduation extending along a measuring direction
having a specified graduation period which is provided at at
least one reference position with a discontinuity for
generating a reference signal, as well as a scanning device,
movable along the measuring direction with respect to the
track for the (photoelectric) scanning of the track. In this
context, the discodtinuity is formed by the modification of a
transverse substructure of the incremental graduation that
extends perpendicular to the measuring -direction, which bends
radiation beams originating ffom the scanning unit (by
diffraction) having one component perpendicular to the
measuring direction (transverse), the direction of bending at
the discontinuity deviating from the direction of bending in
the other regions of the incremental graduation; and the
scanning unit having at least one feference pulse detector
element, preferably at least two reference pulse detector
elements, which are provided having a different direction of

bending for receiving radiation beams.
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measuring direction. Rather, it is only required that the transverse
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section ofd-t ectr{%%surenent path, the. increnenta _gradua I fas a firs
transver se ls%bstruc’ture whi ch bends incident radiation beans into at | east

a first spatial direction; and in a second section of the neasurenent

ath, thea ngr. a raduation has a second transverse substructure
a/hi ch bends %%isﬁgﬁgkntﬂ%gafépgOﬂe}sé%ﬁsof ntle dtyReasnes sec@ndwapatoal wo
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arious at, dir [ on the side of the scanning unit, ‘
\r/ef er ence-§|clg)lufdsjgbﬁe%1 e%%%%gé; N U &) (e tdorwhscHevpaopedl having

referencegpapggagmgh@¢r%mqnqﬂkﬂgrudddﬁﬂBdMyﬁﬁiodPr9ﬁ§§ﬁiQgténgs along a

ref erencem@ubsei gy g@ﬂeétei%ﬁ,t Sa'ndz w%xi%:h’vl%gszgoéiscontinuity with
respect to an optical property for the generation of a
reference-pulse signal, as well as of a scanning unit which is
movable relative to the scale in the measuring direction o&er
a certain measuring path, and which, besides a light source,
includes several detector elements for photoelectric scanning
of the incremental graduation. In this context, in a first
section of the measurement path, the incremental graduation
has a first transverse substructure which bends incident
radiation beams into at least a first spatial direction; and
in a second section of the measurement path, the incremental
graduation has a second transverse sdbsfructure which bends
incident radiation beams into at least a second spatial
direction that differs from the first spatial direction, so
that in the transition range between the first and second
section there exists a discontinuity with respect to the
optical bending action of the transverse substructures of the
incremental graduation. In this context, in the various
spatial directions, on the side of the scanning unit,
reference-pulse detector elements are situated at which
partial reference-pulse signal are present from whose

processing the réference—pulse signal results.

2



< w

: i ference pul se detector
Alternatively to the use of several (at |least two) refer

el enents, a reference pul se detector elenent being assigned to eachSMARZ%?
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one refeﬁ%ﬁﬁﬁ?“?ﬁﬁﬂ%%%ﬁud%ﬁ@ct®anshemeetgradumgyOﬂhggrggddgggggggeﬁﬂg t he

i i this; peint. of .sudden discontinuity.
[?Lﬁgsgfgiﬁﬁﬁﬁéfﬁﬁg?ﬁfes %?% %%65?5% bEndithy BElRBecreasedti on beans

i mpi ngi ng upon them (by diffraction) even in the transverse direction

' 3 S direction), The degree of bending depends,
B et ah R T Mo S PEh o Ce em  ar
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C e : ' venment the sc
gg;ﬁLFEgGaﬁﬁébthgge'g %raH@J@fggagg}ucturing (so-called transverse

Substructures) along their direction of extension
(perpendicular.to the measuring direction). The lateral
boundary lines of the graduation marks are periodically
modulated in the longitudinal direction, having a defined
transverse graduation period. At the at least one reference
position, the transverse graduation period changes and the

reference mark is defined by this point of sudden
discontinuity.

The transverse substructures bring andt a bending of the
radiation beams impinging upon them (by diffraction) even in
the transverse direction (perpendicular to the measuring
direction). The degree of bending depends, in this case, on
the respective transverse graduation period, and accordingly
it changes at the reference pdsition formed by a point of
sudden discontinuity of the graduation period. A certain
detector element in the form of a photo element is spatially
assigned respectively to the different transverse graduation
periods. In the case of crbssing the reference position in a

relative movement of the scale with respect to the scanning

3



b . - - - - - - ffect

3 2 3 MAR 2007 wunit of the position-neasuring device, the bending eff

on the radiation beams changes in such a way that by this time thez3MAR 2007
Féspeqtively other detector elenent is act ed upon. From the signal pattern
(pattern of the partial reference-pulse signals at the at |east two
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pr esent icﬁl\f‘enti on by devising a position-measuring ggf\il ce having the
features of Claim1l1l. According to that, it is provided to position an

i magi ng GOptei eéslvdatiage i Ehe bﬁﬁé@féﬁbo@;of Eﬁ éiﬁ%%“ﬁcﬁi %%Lrl)f()s el%g(\); the By
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The present invention is based on the problem of improving a
posipion—measuring device of the type mentioned at the outset,

with respect to the spatial resolution of the reference-pulse
signal.

This problem is solved in accordance with the present

invention by devising a position-measuring device having the-
features of Claim 1.

According to that, it is provided to position an imaging
optics device in the beam path of the (transversely) bent

radiation beams used for the generation'of the reference-pulse
signal.

By doing this, the spatial resolution in the generation of the
reference—pulse-signal 15 improved to such an extent that it

is equivalent to the spatial resolution in the generation of

the incremental signal.

The imaging optics device is used, on the one hand, for
imaging, onto a specifiable imaging plane, the ranges of the

track having the incremental graduation that are each

4



2 [ ' i [ [ it, and, for this,
2 3 MAR 2007 illumnated with the aid of the scanni ng unit, ,

it has at |east one cylindrical lens, preferably in the form of a Etﬂemlnqiggy
eyl i n'E}ri cal lens, on a first scanning plate. According to one furt erOI .
devel opment of the present invention, two cylindrical |enses, situated o

[ ] OV tqQ be situated in the_beam path of
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Irggls?t Iogg g%ﬁf%%glnrléq ;jtocﬁri%(fr”irctéllerl Eryf liompienges ablte i  rssxopt Iméﬁc}gon'ti o
radi ati on Wealecylfirtdre aaddilaniser , beaws 4enga Q%Mr@ée o ?bt ndi ngmaﬁ% retchi 0
(by diffragtdon), ta q,i.fdfer nt reference-pulse detector ele ts. = n N
context, the radiation 6 &°f PEr SAtetBeninr abie dbeam pdtgans; themearewed in

the di rectfiash agficex tersison wafi chh€ormespect i Ngr sLif ,té'lrg)%#%eezx%gjng:%egent

i olgast. one slit, the at [east one s 11T
:og?géhg?iuc{ga{:rlfery}%togitdtlﬁg%gegﬁﬁgnémGFFBEt FBRle Merioritk raptticevene specific
enbodi nrent of the present invention, the imging plane is situated at a

i ' in the beam path of
di stance fgomyih rence-pul se_detector elenments in ti
the radi aItni ?ﬁgbggﬁégkicgg?a?hgof‘oaaﬁ%?‘ﬂ’é‘? SPEN AN pdradedi mEntleatshe one

ref er enceSgditsé sderevtidedebenentisi thetlesseidi Al ioh idr the iin%%ii@gpﬁl ane, so

] i he respective slits are to be Si't d
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' yat i d one
i he f : 9f 4 i [ks),that are periadically positicne
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peri odi ¢ PBBLLRY oAt Fgct Somntiey stiobtkadtnidh)i T canreekbqn, such a

reference-pulse detector elements.

In this context, the radiation of differently bent radiation
beams, when viewed in the direction of eXtension of the
respective slit, impinges on different locations of the at
- least one slit, the at least one slit extending
perpendicularly to the measuring direction. |
According to one specific embodiment of the present invention,
the imaging plane is situated at a distance from the
reference-pulse detector elements in the beam path bf the
radiation beams. According‘to another specific embodiment, the
reference-pulse detector elements lié eésentially in the
imaging plane, so that the respective slit or the respective
slits are to be situated immediately above the photo elements

(for example physically connected to them) .

The incremental graduation itself is preferably formed by
markings (in the form of gradﬁation marks) that are
periodically positioned one after another and are separated
from one another by intermediate areas. By periodic
bositioning is understood,'in this connection, such a

positioning of the markings that they have, for instance, a
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itioning of the narkings that they have, for instance, a 5 2 3 MAR 2007
I)Ooziji]s?ant gcenter-to-centgr di stance (defined by the graduation perd PHAR @007
that tyhey have another uni quely definable di stance that repeats
peri odi callg. @ ontrast, the concept of periodicity should not be
under st ood 'R°tANS GERMBETFORCERteF dimeanerr eirdritald pyaduat jeadast aomhol e,
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osition, corresponding discont |-'nu!?r§/ FDcHt i ons
" the i e emsnt o oL SntT T HHA (45 o B daas Lyenenthel susbe ey ki ngs

of the inckepehrdlvitealuatd onngyr efrexdahiy f@&ﬁ@dceﬁﬁlgﬁgg#ﬁ%%’ppo@é ks) in a

: . . ; 4 [ "1 uat ed
direction d r..to the neasurjng direction, are " si
al ong the Er)rgg%ﬁﬁ]n%ﬂéﬂ?etc}ﬁ on “one 4% rtgelﬁ:(-frl@t"heFPrThéU@fﬁ ahsverselicity

ke net prieferablbe frremed by tiidulakl @Bopef oEhend Sides of the
?nl;ijii L;(s:t u;@‘p@rc;ﬂl 'gr{y i a?:vﬁy such_that a égeriogdi 8) i d?‘ﬂ%md&eatl on of
the marki ngs cones afbout, and SAv¢Eed 02Fri EOREr | §EprefRt hbl§omrthehe basi s
of a sinet¥UMtIiwh.ofTve nefdireincat imarkobitt he tEapsVeRse spbstlcture, so as .

t ai j 5 nt Laddiation beans, nay be done in a way so that
iﬁe giidﬁi erﬁcigolngl(e)cirgaté%egaé% Ogﬁgglgoﬁj%loﬁ‘glf}f‘léy P&F RPN sivdtieed conpar ed

to additi of¥irsRaENGaggragsipsdioal hyvey tochangiogi 4&g, peri od of a periodic
nodul ation. According to one exenplary enbodi ment of the present
invention, exactly one marking of the increnental graduation has a
transver s 'Sudtiydcyed, mamkéhadevitatbs fnomehdecal I PRRMEI S St ruct ure of

the ot her prarde 3@y @Q@eﬁ@iqgs ngdﬁggion marks) in a direction

perpendicular to the measnring direction, and they are

situated along the measuring direction one after the other.

The transverse substructure is preferably formed by modulation
of the long sides of the markings, especially in a way such
that a (periodic) width-modulation of the markings comes

abont, and indeed particularly preferably on the basis of a
sine function.

The modification of the transverse substructuré, so as to
obtain differently bent radiation beams, may be done in a way
so that the modulation of at least one'long side of a marking
is varied compared to additional markings, especially by

changing the period of a periodic modulation.

According to one exemplary embodiment of the present
invention, exactly one marking of the incremental graduation
has a transverse substructure, which deviates from the
transverse structure of the other markings, and which, for the
formation of a reference mark or for the generation of a

reference signal pulse at the reference position, defines a

discontinuity.
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€ 1lmaging optics, such as the focal length.

According to a third specific embodiment of the present

invention, the track to be scanned by the Scanning unit and

having the incremental graduation, has at least two sectors,

in each of the at least two sectors a different transverse

substructure being provided. In this case, the discontinuity

at the at least one reference position is defined by the

transition from one sector to another sector of the track.

According to a further specific embodiment of the present
invention, for the formation of a code track having absolute
position information, markings having a deviating transverse
substructure may be distributed along the measuring directions
in such a way that a code corresponding to a PRC code comes
about. In this context, a certain detector element is assigned
respectively to all long sides of markings that have an
agreeing transverse substructure. Thus if, for example, for
the formation of the codes, only two different types of
transverse substructures are used, which are distributed

appropriately to the (long sides of the) individual markings,

two detector elements are required, of which each is assigned
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respectively to all long sides of markings that have an agreeing

transverse substructure. Thus if, for exanple, for the formation of) {jn@ 2007
codes) only two different types of transverse substructures are used,

which are (distrihb d_appropriately to the (long sides of the) individual
mar ki ngs, taﬁmﬁé1egfﬁr'gpeﬁﬁﬁﬁé afetrageveesk wibathicthtueash i s assigned 7
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peri odi c arra%&gégﬁfgo GESF?9E Eﬁ?@ﬁ&é%,arﬁwﬁQﬁmeﬂwei@emeﬁepedsbo recei ve

the respedtivferradivabiyonnbepeBiodl s aktaspard i Genhediaent s of the present

inventiongyntibe dif HEL ference-pul se detector elenments areeﬁreferably
connected to one anoghgggFégat%ugﬁgﬁgY? RNESPact igederdiet ibor heans .

reference-pul se signal, that is to be passed on, from the output signals

at the indhvidyak ket erenge-bul se detectqr el ements (partial
ref erence- pul se s?gnals '§§§$é%§e et & égﬁ?FFﬁ@®PFah§VéP§eObendhﬂg ef f ect

of the .tHahE9ERBE Sebetenceurekse tdwetdienir ld1@hnk s §p%i£reﬁ%][$é)b%\n%]tg .

regard tocpaskttyg and, |me orders of diffraction (and
regard to_t he type of f?gﬁg%gﬁEEf§ﬁb§iﬁﬁ€?ﬁf@llpmavnaéd 2k ohder especti ve

pl ace), t WBTA # F FaEe FORF DriHctee s 1 qyanie amgmtisiﬁombgcpasgg@fggfﬂ%éﬁ§ﬂ n each
e

case an i tRgi cgtp@Ptd T SySt f. t.he,.ki.nd descr.i bed above has to
provi ded. . In thi s context,d%ﬂggfédygyﬁgﬁuﬁgaﬁﬁf?ﬁﬁﬁ??@??#ﬁQrﬁ?tﬂn;or

di  fract i DhSBFANT h{Pa a2 larte f espeeciong sen st beadif ecti on of  bendi ng,
brought on by different transverse structures, are conducted to one of

sever al rgferengg- ul se detector elenents provided for this purpose. In
the ot her” ti%%r RR9BIF o rdndhe Byansostrsasbenalhgtdereadiat i1 beans,

i ndependemtarfved rsubdich-eeti,98 sOf ndi.ng, ;are guided to a uniform
detector elenment, which 'is useq tSﬁge%gﬁgt%§%h%t5%dvgﬂéﬁiéﬂ#ﬁh‘PéVEI of

const ant ﬁeer%aerré;ittoy_Poﬂlrélp’gsﬁnﬁaﬁﬁéaﬁét’ecoodeeé eerdi eeti¥n (and not
only with regard to the type of transverse substructure

provided at the respective place), two diffraction branches
come about, in which, preferably, in each case an iméging

optics system of the kind described above has to be provided

In this context, the radiation beams running in the one
diffraction branch, that are, depending on the direction of
bending, brought on by different trans&erse Structures, are
conducted to one of several reference-pulse detector elements
provided for this purpose. In the other diffraction branch, by
contrast, all the radiation beams, independent of their
direction of bending, are guided to a uniform detector
element, which is used to generate a steady radiation level of
‘constant intensity. The last-named detector element does not,
in this context, absolutely have to be formed by a single
physical detection device. What is much more decisive, is that
the respective detector element is developed in such a way
that it generates a signal from the incident radiation beams,
which corresponds to the entire radiation of the respective
radiation beams, independent of the spatial distribution, and

is not, for instance, a function of the spatial distribution

8
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in this context, absolutely have to be fornmed by a single physical
detection device. Wat is nuch nore decisive, is that the respectiv&lMAR 2007
détector-el enent is developed in such a way that it generates a signal
fromthe) nci dent radi ation beans, which corresponds to the entire

radi ati on of bltethasSpggti radi ati on beans, independent of the spati al
distribution, and is?ﬁ%%¥§?%rg?ﬁ%?an%%,l%.?Qﬁu933ﬁ1hmfthheospafial

di stribution glg 3afARCPODYanek. t he radiati on beans, . as is the case in the
other diffraction branch. The steady radiation signal generated by the

| ast - naned d@];lgcggr -elenent is conbined with the output signals (partial
ref erence- pul Se st gna %)r%ﬁl%Wﬁpﬂrﬁﬁqnaﬁkﬂeneﬁaﬁyangg-QHgsgasggga t or

el ements, fordetector nalémintofid fa%nmfrperaere&qi-hplgl se signal, Amethod for
carryi ng out gepglsé%&eo_rbu asurenent, particul art °HEPRY $ignals (partial
posi tion-measuring device Accoddiddg )t @t Faepriesiént dub DVestd Qhed Hulse

Char act eri zed3¢5eetnr fedamearas ,offod ah@ %@'rma%ri%tme%gf refi nements of t he
met hod are giggfhdin the clainms dependent thereon. hRrreienances padde
advant ages of the present invention are clarified in the follow ng
description of exenplary enbodinents of the present invention, in |ight of
the figures. A The hodd¥ess - . Figure_1 a perspective illustration of a
posi ti on- measur.i ng gevicefgggy%ﬂg guécalBOSHEW%@cmﬁﬁbuﬁemeq;na@u&tg@ugg§gy
and a scanni ng "dnit'ef BPSpRépoeheasur tngcasti oy Hldha cale, _an

i ncl udi ng thelnwaditabhpnisbgﬁ%agﬁgg{Za&gﬂ% duri ng%@t%e sC nnIOHSPeFPﬁﬁ?@“Qa a
cutout of a .track provided on the gradudf et'%li Satures o anaimczement al
graduation; Figure 2b a scanning plate of the position-nmeasuring device

Preferred refinements of the method are

given in t ;
dependent thereon, : he claims

.Othe; features and advantages of the present invention l
_ are

clgrlfled in the following description of exemplary
embodiments of the Present invention

: in 1i .
The figures show: ght of the figures.

Figure 1 a4 perspective illustration of a

Posltion-measuring device, having a scale

- developed as a graduated disk and a scanning

unit for photoelectric Scanning of the scale
and including the radiation beams generated
during the scanning; ' '

Fi ' - ' '
gure 2a a cutout of a.track provided on the graduated disk
having an incremental graduation; |

Figure 2b a scanning plate of the position—measuring device
for use in the case of a track of the kind shown in
Figure 2a; ' |

Figure 3a a first variation of the track of Figure 2a;



- .

for use in the case of a track of the kind shown in Figure 2a; Figure 3a a
first variation of the track of Figure 2a; 9 2 3 MAR 2007 Figure 3bj BAR 2007
sCanning plate of the position-measuring device for use in the case of a
track of tPe kind_shown in Figure 3a;, Figure 4a a second variation of the
track of FFofrES2d 2 Fepneinm rd atcamf ngeplatse tabntheaPasi 4 0fs FEASUT i Ng
device for use in ther case r f- the kind shown jn Figure 4a;
Figure 5 a basic represent atliq{)ntquoetf C‘:1‘:1(\5};%og>ift itaog-rrarﬁgsﬁfiﬁﬁe HeRs et ok ng
to Figure 1, in a schefiHis Saiside view, Fi gures 6a through 6c¢c different
reference-pul se signals which are able to be generated using the devices

in Fi gure§é_”1_;gré)au h 5;: Figure 7 a circuit configuration for connecting
detector el®henty of TIRCPbIRELGTP8asdr thg Hewtkeof Figure A det ector

el ement for use during the devel opnent of a track of the

posi tion- I devi ce as a code track having absolute position
i nf or mat i on;;i Elégl?g)e a9asCzi‘ntné'l"’l‘zfne‘-?ﬁr\?l”}fe 8f the ppatkiof-meéapueinpddiigie 9b a

scanning plate for uUse wiskhia pasi theB- FRASUE | NGy vi,ce ;havjng a track of
t he kind shown in FiEg_uruer a, Figure 10 a refer enc(gf-epﬂu 5€ lcnodnﬁ'ggwtnelﬁ gnal
which is able to be gcfen raféd with the aid of a position-nmeasuring device

when a track as in Figures 9a and 9b is used; 10 2 3 MAR 2007
Figure 5 a basic representation of a position-measuring

device according to Figure 1, in a schematic

side view;

Figures 6a
through 6c different reference-pulse signals which are

able to be generated using the devices in

Figures 1 through 5;

Figure 7 a circuit configuration for connecting detector

elements of the position-measuring device;

Figure 8 a detector element for use during the
development of a track of the
position-measuring device as a code track

having absolute position information;

Figure 9a a refinement of the track of Figure 4a;

Eigure 9b a scanning plate for use with a position-measuring
device having a track of the kind shown in Figure
9a;

Figure 10 a reference-pulse composite signal which is able to

be generated with the aid of a position-measuring

device when a track as in Figures %9a and 9b is used;

10



‘ i fi i i Fi gures 2b, 3b, 4b and

[ dification of the scanning plates of _

gbgu&ﬁigﬁ ?ngFudes Fresnel cylindrical lenses. Figure 1 SPhen&L!CﬂJ%%Mﬂ%§w7
shbmSﬁan exenpl ary enbodi nrent of a position-nmeasuring device iC

i [ G ding rotatory notions (i.e. the
as an angl eiRasuniing davi¢e_for recor . s ( the
angl e of roF?tion) of "TWD ogfeé?g P ot GEabF e R 110 rdlsfest dfo Feaaltee her

. . . . e 1,
about a rotary axis 28 TheaPOSBbjpmhﬂEEsLm¢1uhégﬂ@fg% egp%gﬁgégfgagiﬁleaCh
as well as an assignedngganning unit 21 which are to comected T n
case to one of the two objects that are rotatable to eac ne }elative o
measuring direction x, along which the two objects are nova

i i e present case), runs-in a circular
ﬁgﬁgesth?LFgﬁgaﬁaéggg?éféfﬁfg%£§n§§§¢%neﬁi?ﬁ%ﬂg%frgyﬁﬁ@?ﬂ#@athOfoaaX|s of

rotation 1895%%é?%‘ﬁe?éu¥%ﬁ9mﬁﬁvﬂ§%avgﬁaduakﬁd§ﬁ¥fEggaggaﬁglQg?g%%gggﬁigsﬁﬁg
T oot lﬂ%‘gg??%ﬁj?%fﬁ?ts#g%& \ék}ytgonéi dl-&-i hhehengie coff erenti al
Sf'r'egffﬁﬂegﬁﬁét?% enferft _Oh@matrioa'_ratiabl@adetupg@EFﬁaQ{ ﬁga%%%%rg%}r%%g he
TeasUr g di 1 ot on % Bt A&%d:lﬁ)glr g%g{pgﬁqérelgagggﬁﬁﬁrb’é‘ﬁ‘E‘)%i‘,’i%iﬁ_crtphidé$r_
P?gﬁy{h?gr%g%%ﬁﬁéngég‘%@}llﬁﬁngniﬁSééghgdaseabﬁrm@ﬁ?nigﬁg}g&ﬁggn%ieigg in
| er mod B e Arone 18 Lyl o peranan:t ham BEcHERabES SR A idiriaiare
h?;ggg?ghq; Sﬁgﬁgihﬁfb€¥F n°§heFunﬁhﬁgm¢aahaihg dor¢of 83 opala s 10,

. : ; .

whi ch ext eifdsh ﬁ@ﬁp&ﬂdi@bﬁabrg gg?nfﬁg§5%§gr%%%ef%%ggiéé Inc;he faseagte
. 0 %EV' thedt Hed

nreas 14 1Y o R aEn EnbAP| BrePor fedase) a Tumnain (4 ol dcuglly BHRSE.

. \ . R 2007
Sp|itter,lp_éhetn@selitahshdlOﬁaﬁefpt@bt&%&oﬁg¥w¥Lsf%hé%é%ggﬁly to axis
of rotation 10.

Scale 1 is formed as a graduated disk made up of a disk-shaped
carrier element 11 made of glass, upon which a track 12 is
disposed having an incremental graduation in the shape of a

circle in the circumferential direction. The incremental

graduation is made up of a plurality of markings 13, that are
periodically disposed one behind the other along the measuring
direction x at an incremental graduation period, which differ
from intermediate area 14, lying in each case between two

transmission of

markings 13, in their optical properties (e.g.
light). Markings 13 and intermediate‘afeas 14 lying between
them each have a longitudinal dimension along a direction y
running radially to rotational axis 10, which extends

perpendicularly to measuring direction x.

In the case at hand, the incremental graduation formed by
markings 13 and intermediate areas 14 lying between them is

formed as a transmitted light phase splitter, i.e. the

lTranslatc:r’;:: Note: Not shown.
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essive markings 13 and intermedi ate areas 14 each have a different |
;ﬁ;ge-shi fting op'?i cal effect on radiation beans that are passing tztglrmlﬂgzlﬂm
Afte'rhatively to phase splitting, for the formation of an mcremagjta_ _
graduation (for reflected light or transmtted |ight), so-called divisi ?n
of anpli tud"é:cer?e?ylvgl §6 e "dsed3 spdnanhgrueitage sidamtied catnt hg at _QelrI 0
the two objiddteseiabhaake shovabhg ¥bt Dok €SPEEL . .Oor}e?‘rgagii%%gl%é cahete f orm
rotatabl e pwith respect to ﬁach ot her% has a radiatiol e e or20
of a light Source g)%sséggwé Fodgh adbit teomatiyeln taragiang septiesngevi ce 20,
with the &°d shewlfochacadnaboan Sieoidted by oLidl: saunes 2L, ol Cer
i nteractiongwith, track 12 of oraduated disk T gui dedForBF fPEFefit
det ector el ements &g E,Smﬁﬁ.%? DEny) 2% Kabea divtiisdenaré ampditode
gener ati n§agcahAPnge ssgdal s. Three incr enental signal detector elenents,
of which in Figure 1 only two increnental signal detectors 24.1, 24.2 are
recogni zabl e, are used to record the periodic incremental signals o the
gener at edSG3NRAENY heninc? eneitwd t gt aduadHon ofe A %%Clﬁhflgml ?bég‘? é)nt?ﬁ%%om
i nteracti @ReOfo6Qhld n;gftgg radiati % beam Sh(l n the formo Iase a
generated by a |aser diode &s 17 gt r O&2E) (epReFéabhy atosigrale e
detect or BtERefR¥Peold. to ki amnerbe rdesiagned 1R i 8nKEGWAC VY., gﬁe?;fog]?am e

t I4.ernatively as _a systemof a plural
i vi dual phot 6 ol cren s Wt Rt WS A of SERFA8TF heY eRerias signal h
det ect or %?tgﬁt%evk%%_ twidin 24el 2124 0Z) whiiBheead NgE £ agmdi @anahs, eac

i ul2Q W : known
h -shifige: thr e one anot her are generate in a
ﬁaﬁﬁ:r, v%a(fﬂ: itgr?_t ur nwgr'e ai%t%gr gbﬁ%%@?ééopowﬂ')?rﬁrf% }hfermmdiataa put
p

signal s e -Shilft pipotonidil ferespedtttot eachl Shdrers For, sigpljcity's

: i i odi ¢) ‘i ncrerfent al
sake, fromferesar,wes shakh;eantigug Iéﬁ eak of (perio ,
signal's. Jn the case of addifi onalf de%teact %Bre?%ﬂ%‘?ﬂ"sl%.sﬁa%.@, 25.3 12

Three incremental signal detector eleménts, of which in Figure

1 only two incremental signal detectors 24.1, 24.2 are

recognizable, are used to record the periodic incremental

signals generated using the incremental graduation of track

12, in response to the interaction of collimated radiation

beam S (in the form of a laser beam generated by a laser diode

as light source 21). Incremental signal detector elements
24.1, 24.2 may be designed in a known way as so-called

structured detectors, or alternatively as a system of a

plurality of individual photo elements.

With the aid of three incremental-signal detector elements
(among them 24.1, 24.2), three incremental signals each

phase~shifted by 120° with respect to one another are generated

in a known manner, which in turn are interconnected to form
two incremental output signals phase-shifted by 90° with
respect to each other. For simplicity's sake, from here on we

shall continually speak of (periodic) incremental signals.

In the case of additional detector elements 25.1, 25.2, 25.3

12



2 [ | ved, at which

2.3 MAR 2007 reference-pul se detector elenents are invo ,

partial reference-pul se signals REF1l, REF2 and REF3 are present, frkﬁmAﬁgm7
mhich)a ref erence-pul se signal will be generated in a manner that wl e

i 25.1, 25.2, 25.3 are
expl ai ned pgko fer e;pul se detector elenents , ,
prgf erably ‘ggvé\%%{)\% %gggp%%teoc%‘?re mentph@rend pEadredl st gnalshand the

ce-PRF 52 ki xmke sengeneriate d inpndihe RECS| t RO MBASWEIENg, device are
;323{?2d tgzggbngﬂmﬁfgﬁiéyk rﬂg 4§gn shown in Figure %Sz Fgr exanpleth;o a
control unjt of & numerical machine 66 PUtse F&gﬂﬁérWlblob@s§aTQﬁft
function of" the"quns 1 i Wreteasr libmged:@\LA |a(igaea_hgﬁmgggm%gy%,g%%%ea_\t%eddlsbeye

i i i el,ow. radi.at.i ,

adi ati on Source 2t IHARE Tort 6F &1 4Ser QFedereaanGy raria oioas as
coIIinate&’Q%QHEHﬂﬁﬁﬂtﬁ-npinges upon track 12 having increnmental gra uat;on
13, 14, on scale 1 developed as a graduated disk. For the generation of
thé increnental signals, incident radiation beamS is split by_dlffracélon
at the in AeTgPdddaiionalat entwbhparefatencadbatd On loeans S+1, an

geteghitzabby kRcFLgute; 2) i suring, direction x _
?Téné??hd{nal),tﬁﬁigﬁ ggfrEggggég%ohgﬁagF???s??éhﬁfyﬁQﬁnEQHR¥§Pdd¢pfﬁactlon
order, an&“Rni"GfiiSpr ¥8dti hnotwehdihf nefitgspatinl i eGld %, @ the part

: : \ Sl 48 7
pAtRgl URik, oFh adi ation beams S+1 and S_ _
chLBﬁtZ?ain gach casgEags%gﬁﬁ?%gg%?%?éﬁ%ﬁF:ﬁf%&’ P fyrtieri r st scanni ng

A°FRESFBPm of a scanning grid (divided 1 : 1; (maxinmun) phase
QLSF: ggvration 180). Fromscanning divisions 22.1, 22.2 of- first scaBnlng
pl ate 22, Bhe two_partial radiation beans S+1 and S_1 are again bent by
di ffracti oRc gBHCFﬁﬁF ?ﬁe?h%OM%S%E&ﬂn+mﬂasurud@ed@ha@@ thapsggogggifénn'”g
plate in theifbrim obxgl scaali N9 grdd anta.ascanaing division 23
(divided 1 : 1; (maxi mum) phase angl e deviation ). There,
respective first diffraction orders are

A radiation beam S, generated by radiation source 21 in the
form of a laser diode, in the form of a collimated laser beam
impinges upon track 12 having incrementai graduation 13, 14,
on scale 1 developed as a graduated disk. For the generation
of the incremental signals, incident radiation beam S is split
by diffraction at the incremental graduation into two partial
rad;ation beams S,;, and 5.1 (not recognizable in Figure 2) in
measuring direction x (longitudinal), which correspond to the
first and minus first diffraction order, and which spread in
two different spatial directions. On the part of the scanning
unit, the two partial radiation beamé Sﬂ and S.; encounter in
each case a scanning division 22.1, 22.2 of a first scanning
plate 22 in the form of a scanning grid (divided 1 : 1;
(maximum) phase angle deviation 180% . From scanning di&isions
.22.1, 22.2 of first scanhing plate 22, the two partial
radiation beams S,; and S.; are again bent by diffraction, so
that they come together in the plane of a second scanning
plate in the form of a scanning grid onto a scanning division
23.1 (divided 1 : 1; (maximum) phase angle deviation 1209).
There, the respecti&e first diffraction orders are

superimposed on one another as well as respectively a zero'th

13



superi nposed on one another as well as respectively a zero'th 13 ) 2 3 MAR
2007 _ one having a second diffraction order superinposed on it. Theﬁ%pé@?
parti®l radiation beams resulting fromthis are incident upon one Qﬂ?
el ement each 24.1, 24.2 (third detector elenment in Figure 1 is covered) in
the fornmPof Baphbboa eiaeqemdiﬁf\eaqmquzmart is@@%r@fnﬁbbégi aheii.e(rjfm first
diffracti r S interfering zero' th an secon(

di ffract :tggegrgggglgﬁe?@#%a?ﬁ?ér&g%én sexliefsuelatéﬁ‘gogfg& tByS 358, Inpident e
creat ed, YRPPhoPBsfeEector sekememy eadh 22. 1oy 24 . 2r ¢katrdedevetosr of scale 1

in the fenenehtaidradyated; dj e .Sl | s phase-shifted by 120 with
respect to one zlanot hgr, i%:%kca?%é%@ctl?o%%%al%ﬂgmc8§n8c?]é8t?n such a way
that a SFRBeBFgnaleaBhawt |Pesitiwosiafe tdieghalterseobhai itdsérom this. For

further detaihstobnSyslicfs POSItd ON-JEAHY 50 IS refer the reader to
WO 03/021185 Al , tg which full reference -li geﬁéggﬁg%?ﬁ E@s"i”b%s t he

peri odi cSFABPENEAE BFaSt bml ardsas ainfed labsvds thetepobsi tach-obasat ing

devi ce shovh. iThiy giree ckemydal 39 the ruspdcr f0g tjng, 4 reference-pul se
si gnal al orgttrack 12, cbye a refer en(l;e gogl;tleon %ﬁ{rrle 33‘13 (%’s énfi nuity.

Wth the"ardtdr® BATEON r@f eterice-uinsdhsi goam afi absohdtateefersnce may be
pr oducedt e NGi §ML1 SMBaedd LIBHN s JO ihiiglae aw?é{psze&t#ee#t 40”%51%”‘9”'[ al
such a

measur enent t&en referred. For this purpose, ( ornati on. of
i ncr emen? AP RTF RSt 1 Oh 2763 e leg frondcddildedonnacbedein t sugerenate that

ref er ence-plisesi ganals B 1Al dseastoodnecdssgant | Ui by 1 idy raspect Lo an
opti cal rogerty at at |east one +-reference position. Tn the Case at hand,
increnenﬁélr graduation 13, 14, as may be seen in Figure 1 in connection
with Figure 2a, is nmade up of markings 13 and internediate area 14

situat ed.between them that are situated one behind the other periodically
havi ng g%or gﬁ%éker Jgtal S on such a position—measu:ing device %e

refer the reader to WO 03/021185 Al, to which full reference
is made herein.

Besides the periodic incremental signals explaiﬁed above, the
position-measuring device shown in Figure 1 may also be used
for generating a reference-pulse signal along track 12, by a
reference position formed by a discontinuity. With the aid of
this reference-pulse signal an absolute reference may be
produced during the measurement, to which a subsequent

incremental measurement may then referred.

For this purpose, such a formation of incremental graduation
13, 14 is provided, in order to generate a reférence-pulse-
signal by at least_one discontinuity with respect to an

optical property at at least one +-reference position.

In the case at hand, incremental graduation 13, 14, as may be
seen in Figure 1 in connection with Figure 2a, is made up of
markings 13 and intermediate area 14 situated between them
that are situated one behind the other periodically having an
incremental graduation period TPive in the measuring direction

X, and intermediate areas 14 differ from markings 13 in

14



‘i ncrenmental graduation period TPINC in the neasuring direction X, d

an
i i i i in 14 2 3 MAR 2007
termedi ate areas 14 differ from markings 13 in _ 3 MAR 7007
Iegrtai)n optical properties. Markings 13 and internedi ate areas 14 |)ZI rf&\

' im [ [ l i nes
hem are fornmed simlar to a kind of graduation lines,
Pgtn\gljvieteadit ng‘ﬁr;taelx“t ERGAGLlaPsREAt Lead Waykints et i-on mn&lé@ﬂlgeg?temage??ack
12 Raving such an LNt ereat al - ar aduars Bl Lt Tér & ng8 Bél s |5 to be
i incremental gre ‘ 3, ‘ '
éﬁtgﬁ\r/nlegg il%%,u%g&é’ﬂ t "GP eat OPBF B @Hersl wi 4dt arebpect bagaddedadial )

ST S 9 = . _ . . q el
ti ddriepttihe yaduahifdgreet g i FBYa 08 J 6ld %l%ly_{ assi gned. _

ggpts;irﬁc(![he correct) si gnalgpgri%d [ of the] i nor enent'al lgfﬁﬁja?r.‘ Fo(rj this,

the reference-pul se signal has to be picked off on scale 1' devel oped as

i i i1BCH al..signal, wthout the
gr aduat i onldi ske agsehet shamd pl aesn A Ahe 1@Pﬁﬁﬁ§eau§%w Ltond oyt he

Nl a ignal TPINc being in

f g;ﬁgg itgnog? b?gﬁgﬂ?g#eﬁﬁ%_ tse! i ghfal2 rPHiesenay belaehieved hf)g tge
b g nath ot ormtl e oy oo oo eeagn8s AILASHLYIBOM & et

i i iate . .areas, 13, , _ _ m ‘
2n1;r k:A(r:]ggr g‘?ﬂglé?@éﬁﬁ \a/%rblutakfe rﬁ%aﬁgéjllfi?céﬁaﬁal BaYi heerakiilal e aﬁers-::naﬁqekfll_h
eai:h haveta %imfzﬁidal(m@tdbnmtl)atsii@ﬁaljaﬁbggog ngl&ge]TPq%+%l%%é§%b 3t
wi dt h nodul at4.on of kings 13 and of internediate areas _ ' 0
that a part o’? t he Orgztlrhaltsl’o hﬁ r’Feth‘?éePGF_ﬁPHise! Pgtnyl ofag heo foe Sgilcﬁ)d&jlgl gﬁz
first diffelctimraidern ideveiepddongi b%g??éléieg‘?rg%%'or%‘p%rt%};end%&‘{(ﬁ n sétc& an
i i i "tr.ansverse , 1.e€. . |
| ongi tudi el T ot on i ng ‘WEh PAdNabE ofhs Forentiiniat pciehental
i ncr enent &1 Fagnd1Prics bephigt inf lurhaetwonpant ieddy aeli %Heo%o&\%%r{g,ﬁsyi an

and § _Whi he Light is diffracted in thetr rse
gl rléc;rihgn depgr%flsé,r%ﬁ%lgt islggc%ﬁ%lﬁltl; on the period |l ength TPTRANS,| of the

wi dt h modul ation. In the sinplest specific enbodi nent shown in Figure 2a,
one This may be achieved by the generation of a reference-pulse
signal using periodically modulated markings and intermediate
areas 13, 14, as illustrated in Figures 1 and 2a. Accordingly,
individual markings 13 and also intermediate areas 14 each
have_a sinusoidal width modulation having a period TPrrans, 1.
The width modulation of markings 13 and of intermediate areas
14 brings about that a part of the radiation (in the form of
light) of the first and minus first diffraction order in the
longitudinal direction y of markings 13 and intermediate areas
14 is ("transversely") bent, i.e. perpendicular to the
longitudinal direction, along which radiation S for obtaining
the incremental signal is split up into two partial radiation
beams S:1 and S.;. The angle through which the light is
diffracted in the transverse direction depends, in this

Context, on the period Iength TPrrans, 1 of the width modulation.

In the simplest specific embodiment shown in Figure 2a, one
long side of a marking 13' and accordingly one long side of a
directly adjacent intermediate space 14' are modulated using a
deviating period length TPrgans, 2. In this case, the

longitudinal diffraction image in the first transverse
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|l ong side of a marking 13" and accordingly one long side of a directly

adj acent internedi ate space 14' are nodul ated using a deviating peri.od
tength TPTRANS, 2- In this case, the |longitudinal diffraction i mage';Z 3i MARt 2987
first trangyg%sg %5 2 3 MAR 2007 diffraction order corresponds essentially
to the diffract?on Phegeel < Gesraobe assritiallamedihs Gvkee.as; gy eat as
the anplitwdee anbda ofap henod dthy Jodul ation qf g@&kgn s 13 and

i nter medi ag 6 argas, 14. 1n this case, a cofftdndum'iS%i AvoP¥eAt F the
diffraction orders, That°d <% Hetih spdedatéan ofomrespogdi ngland nto a
spectrum Whietnedisippdieads an fimrst-hiSCaRRLNG P .22 to, a Fresnel
cylindricalelensge 22 3, The e%y the conti nt%r’n f‘io!r:ﬁ»%‘ﬁbn‘f‘h% braftHated s
spread out into a spectru Has &P@Frééﬁiénbéﬁﬁeﬁsreuﬁemmmposed on it again
in the pl&herIPReord ysdanni ag speateurd3. wihent &;%hnj ng plates 22 and
23 may be:ﬂﬁﬁ%ﬁﬁﬁﬁ,15%§t655t000” ext, on the f?p%? %r réﬁ?géﬁﬂgﬂﬁptone and
the sane substraté. pénding “on “RRBEheF Yt hedbbans, Ldngst2sm.ead out into-
a spect r FASHPH fhae ceasnbuned fosinnggFtBENBL 2k YA Ndri cal Jen 2.3 were
bent by i nf &acki-AR WEEhdﬁ?EFEQQS 13 or_intermediate areas 14 MavitA§ca

wi dt h nodul ati gn of the usual pe PBdoﬁgﬁfﬁmfuEﬁrkWPQ$%bKHnﬁkoagwﬁhhihhe one
mar ki ng 13heoplene 8fieserandr sednat egapeard 423 having a deviating period
TPTR NS, 2 of the wdth nodulation in the transverse direction, the
correspon hng beans ST1 and ST2 i npinge on second scanning plate 23 at a
first hei g £ hYCofcanaéegnal dies ght2 hend BY3 heighie Ig,]roa,qqedhzigng is

under st andsnteRt} hés QQ@tggéntt£¥5%F§}%§Qf f&pn10rigina| 'r adi 5830 beam S
in the for OL a | aser beam perpen icul g ot ians $Presbiengader ect i on.
Consequeané? fﬂ%escanning |l i nes of such markings 13 and internedi ate
areas 14, which are w dt h-nodul ated at the usual period TPTRANS, 1, are

created at_a first height hl and the inmage
epending on whether the beams, first spread out into a

Spectrum and then recombined using Fresnel cylindrical lens
22.3 were bent by interaction with markings 13 or intermediate
areas l4 having a width modulation of the usual period TP,

_ RANS,

1y Or by interaction with the one marking 13
intermediate area 14'

or the one
. having a deviating period TPrrans, 2 of the
width modulation in the transverse direction, the

corresponding beams Sy; and Stz impinge on second scanning plate

23 at a first height h; or a second height h;. By height h; and

h: one understands, in this context, the distance from original

radiation beam S in the form of a las

‘ ' er beam perpendicular to
1ts spreading direction. o

Consequent;y, the scanning lines of such markings 13 and
intermediate areas 14, which are width-modulated at the usual
period TPrpays, 1, are created at a first height h; and the image
of that scanning line which is brought on by the deviating
period TPrrans, 2 at a long side of a marking 13' or the
corresponding intermediate area 14' is Created at a height h,,

deviating from the former, on second scanning plate 23.

In this context, for clarity's sake, in Figure 1, between
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y - - - - - - - d

f that scanning |ine which is brought on by the deviating perio

'CI)'PTRANS, 2 at -agl ong side of a marking 13" or the corresponding ﬁé MAR 2007
interhediate area 14' is created at a hei ght h2, deviating fromt

. . ht, ke
ond scanning plate 23. In this context, for clarity's sake,
o E?;,urini?a ot ety < P 3 MARIZOGPAtedabesk deyet Dped Sarth GHAGIAE
di sk and fd7sttiscapliing iplate 22, tmeﬁ%éégﬂgﬁf? of the OI’ISgI na

O
i ati ' nerated by Iight: sou "t A a | aser
0 oder 1 AT FAAPAIE HESHECSTE] G2t helepomiag on et hatsddhe. ] Ust

il ' ired! iaft ibhe beagsegRNt akTgr Jon,shows = a discontinuity,
?gaﬂgfdsﬁﬁ? I%atnléids we refer to the schema e ngl eor\/lwé\ﬁtﬁhr‘?rFltéjﬁre 5,
whi ch sho%s i he “CourSe S¢Pna eBpECPAVRL r Biaf at nereiatsl SERAUSTA chekwean

scal e 1 arid dlseontdspecyi vesdabecsnowel erBate 2l ke 222, ggur se, in the

i .of _t. | tion-measuring device, in each ¢ Se only one
g?t'ltjﬁla ?\?\g%gﬁtgﬁtgerlgdisgtg:goﬁgg"éaﬁ% FEF4Ce o1 Wi gy exdheants, tihependicsg on whet her

spectd ddsetibonbeims heri ncg t3le G i gn_has
the curreRfiSpecsésane ° n he 2 ?g?%rae;?aat%i@gﬁtebga%gg %% ST2

di scont i nykkyeek ; Pat deLQ%ﬁa P fenen @i Sy, e b Ak

are shown together in order t _ _ t he posit: Ion- rrg;ars]url ng
devi ce according to the present invention nore clear, especially w

i i di ati on beans ST1l, ST2. On
respect tortheg gggfe{ﬁ: he Pendi of the two ra on bears
secgnd scanni né pl ate g%_% agﬁ%argé?pfﬁastl@‘bﬂfdé@,e RABéhips-measunteg on

second scaflifg: piateadB dassuntla oy o ARdke Q&beggﬁt_tpgag?aog ch a length

i npi SHYT ght h1
i t €e; ot the beams ST1 inpinging at Tirs g
and the beams ST -t oI el g SCRILORE R GReCher tBEngirhesiiyit 22,9, the

radi at i on®FNRPANTEr SN yo flithfer dotcedrientauchradwayibhat,@ 4 first detector

i [ by beans ST1,
t i the dorgp of a2 phot | ement i only reached | :
%?gﬁngo%;%idr{tolrglﬁqkﬁtdgr glgtﬁ'oﬁ%atﬂggé:glseqlapa P heP®h nrardiat iprachestmed di sk

havi ng %,ng%ﬂ?l:gar@mfhown togetherl in order to make the function of
the position—measuring device according to the present ‘

invention more clear, especially with respect to the different

bending of the two radiation beams ST1, sT2..

On second scanning plate 23 a slit 23.2 is provided,

situated on second scanning plate 23 in such a way,

which is
and
extends there at such a length that onto it there impinge both
the beams S impinging at first height h; and the beams Sq,
impinging at second height h;. Using this slit 22.3, the
radiation is transversely diffracted in such a way that a

first detector element 25.1 in the form of a photo element is

only reached by beams Sr1, which go back to an interaction at

scale 1 in the form of a graduated disk having markings 13 and
intermediate areas 14 of the usual, first transverse period
TPTMW& 1, Whereas the additional detector element 25.2 in the
form of a photo element is only reached by those beams Sq,
which go back to an interaction with the one marking 13' or
the assigned intermediate area 14", on whose one long side a
deviating transverse period TPrrans, 2 of the width modulation is
provided. Expressed in othér words, first detector element

25.1 is always illuminated by beams Sr; when the scale is in a

17
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.. ' - - : - 1
internediate areas 14 of the usual, first transverse period TPTRMs, 1,

whereas the additional detector element 25.2 in the formof a phot OZHMAR 2007
elenent is only reached by those beans ST2 which go back to an interaction

with the e rkin 1@‘ r the assigned internediate area 14', on whose
e

one |ong s1¢ 5 e & 1 EnS\Ped83pasi 0anTPTRS, 2sofgadwe Wi dt h

dul at i oniniternpddvitdedrebxpresseeding ehhRerwo g§ f'{; det ect or .el ement
ggli is almays illunm nated b_eamé ng when tTEle %‘a‘%e |Ss‘feirnseapffl§’d3 MAR
2007 positionih A\;%' e TG dga et ane tlﬁéga§$dgnedsemred_rmﬁl I @c_ttﬂn?r ga

' i vicat2i ngpyt cansvresse pPerkodayd P : i) um.nat e
B i ot £ Tl a)éS.lZE%@%aoﬁcfzﬁst%% |esxa§It\;vé’ys

t I .S . detect or | ement _ . '
10 nat ot hen e R Ao AR s Gfle R RF ALY bAeE EMe ks grred 14
i nter nedi #F¢1agea d4viahaugngrandeviati pgris@nsmglse,Psrd o l@%%@m\&%@? are

i1lum nat | QE i de). By push-pull connection of _
det ect or Zﬁéngﬂzesqggglgg%?'%. 2, a characteristic signal pattern, shown in

Figure 6a, is generated by crossing of the reference position XREF, next

i h b d rking.13' extends, which has_the devi ati ng
t?an!@l&?gg&pgf%ggg%yfﬁﬂgeggl?ﬂa fruthe a7 e e ttegtar sdamsintg phatead and
t he secon@S‘§Caﬁthgr®¢‘a€eiQGiareiglreallel@q:mielqn tdr Wi QR E\i'gQ‘EeagQ ”ﬂg back

ide of o e rate_ymde of glass, concrete” condifions for
achi evi ngatgﬁggggﬁgi by 3%‘50%%2%% i Cg{édt%ebo Ferehcre Hasionop) Ement 5025, 1o 25.2
may be fofRkFat e mbemehatdeadf ynassifollme helnew, Thechogal Leggth of the

h : . . . ¢ a
system i sde# ! at it corresponds to the image o
s?/it in t?lz ggﬂﬁ?ﬁgﬁﬁiﬁéﬁwﬁﬁvﬁﬁmﬁ§e%ped as a graduated disk onto

slit 23.2 of second scanning plate 23, i.e. 111 .Jab
Inasmuch as the first scanning plate 22 and the second

scanning plate 23 are developed on the front side and the back
side of one and the same substrate made of glass, concrete
conditions for achieving the conditions described above at
detector elements 25.1, 25.2 may be formulated mathematically
as follows below. The focal length of the éystem is '
dimensioned in such a way that it corresponds to the image of

a slit in the scanning range of scale 1 developed as a

graduated disk onto slit 23.2 of second scanning plate 23,

i.e.

I 1 1

f a's
In this context, a and b are the average distances which beams
St and-Sn, whi;h are bent transversely by diffraction,
traverse from scale 1 developed as a graduated disk to Fresnel
cylindrical lens 22.3 on first scanning plate 22 and from
Fresnel cylindrical lens 22.3 on first scanning plate 22 to
slit 23.2 on second scanning plate 23. Parameters a and b may
be calculated as follows, from the wavelength of original
radiation beam S developed by laser radiation, from distance d;
from scale 1 developed as a graduated disk and first scanning

plate 22, as well as the distance between first scanning plate
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In this context, a and b are the average di stances which beans ST1 and
ST2, which are bent transversely by diffraction, traverse fron1sca%$ é 2007
devel pped as a graduated disk to Fresnel cylindrical lens 22.3 on N %
scanni ng pl ate 52 o] Fresnel _cylipndrical lens 22.3 on first scanning
plate 22 to sliﬁ %%gﬁkgng§888h8gseéﬂﬁﬁn63p%ate 23. Paraneters a and b may
be calculated as follows, fromthe wavel ength of original radiation beam S
devel oped by |l aser radiation, fromdistance dl fromscale 1 devel oped as a
graduat ed di sk and first spadnin |l ate 22,1as wegl as the distance
between first scanning plate2l 0675 nd scanni ng plate
23:2 a=1d +1 di 2 z 2 TPPR' 1)dz 2n 2n -TP= 1-
nTs,i NTPTNS,z It also follo t WPt e Jl ongi if@l ThRging scal e anounts
to -b/a. In order for the generated signals fto be™¥%ree as possible of
periodic interference shggqg_havingzthe signal peripd (half the beam
splitting period) of the ingsegmentar sragat ;- 2 .slit 23.2 on
second scanning plate 23 is p ﬁjeraﬁly el #tled as {ol l'pws: Bslit = Psig *
b/a, where Psig gives the sidpall pgsiod menti Tjﬁﬁﬁﬁ* ing to a
refinement of the exenplary ehbodi mEft'df a pos franwne suring device
descri bed above in the light of Figures 1, 2a, 2b, 5 and 6a, several
mar ki ngs 13 of an increnental graduation 13, 14 may each have a devi ating

transverse meriled FBIS oo are_Fiqure 3a, where this is the case with
three markipgs 13" The Fn%ggpoggge%%Hglgﬁahﬂ?ﬁglmaglng scale amounts to

In order for the generated signals to be as free as possible

of periodic interference signal having the signal period

(half
the beam splitting period)

| ‘ of the incremental signal, the
width of slit 23.2 on second scanning plate 23 is.

preferabl
selected as follows: ’

Bsiit = Psj.g * b/a,

where Psig gives the signal period mentioned

According to a refinement of the exemplary embodiment of a

position-measuring device described above in the light of

Figures 1, 2a, 2b, 5 and 6a, several markings 13" of an

incremental graduation 13, 14 may each have a deviating

tr i i
ansverse period TPTmms,z, compare Figure 3a, where this is

the case with three markings 13". The image on second scanning

plate 23 then corresponds at second height h, to the

diffraction pattern of a number slit, which agrees with the

number of the long sides having a deviating transverse period

TPrrans, 2. In this context, at first height h;, those positions

2 .
. Translator’s Noteé: A in the equations below is not defined.
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" | [ [ [ ttern

|l ate 23 then corresponds at second height h2 to the diffraction pa

gf a nunber slit, which agrees with the nunber of the long sides ha¥} MgR a7
devi ap i ng transverse period TPTRANS, 2- In this context, at first height

hl, those itipns; 2Trans)ator's Note: ? in the equations belowis not
defi ned. 1‘8% %iﬁ)xi\@“é%‘%d ot "9 TFatEd &G irrasurhaghdiersid on x which

remai n uni ¥hiblwatedted secontbheighighi2.n,anghyi $yefSa,, The distances n *
SP between the |ong sides of narkings 13" having a deviating transverse
period TPTRANS, 2 are selected in such a way that between adjacent |ong

- - : = - ! - h
des havi A BRI NG t rEnDeaneerpehicod o ATRANS; 2r there i eac
i:ase di ffq?q]g;{ngdgsém - %rginnsg, trhat one angpthe samne écaillt-strg%ce does not
occur in a multiple fas |or§,mcconparee SEi Sﬁrréoéa. masordP R folétped eirBb, on

t he second®$&armhiwRy plhette detercen sidjacphtr abh@ysgﬁé&Ag‘ﬁi@.%,d?%%&%grz_ees

ith the nuwdyed NG 3 of deviating transverse perio
\IMn this cont ex‘Ee,QfS:tehe di g?aﬁ?zg‘m%ef \it/\eileenrea %z?céﬁt earpt ga9s. ¢iHfexerond

scanni ng pHat e e vomeasiowd tha tt kee- bha- £bé dsarfie tdies t 50 @RRANGIGRY

- - - - - - - d ’
di stances qduream adiRQent1L0Rd Rl dgs havin . deviating transverse perio
TPTRS, 2 If scale 1, devel tgped as lgggrﬁ ﬂ%?g%la%}r%%el located, with
respect to the position of scanning unit 2, within the signal period in

whi ch t he AdcefrerieqC e oSiFghakel Sp0eBer d slits 23.2 of second.
sc:';mi ng pl aye Zlgia,'%rg il Iaumena?g_dagt ehgi %%?érkdz,scaaﬁ'ﬁutnr‘ﬁe Rliaght thﬁFénéﬁ] tted
through sl £-233211) PS' 8ht5Saddi gnedhiieh exgmmes aliementhe2pudbe FNg Ot her

. ' i ' I | ] her signal periods, at
o o herqrenndas. oo aeﬂ%tlh{;: ?P%Igg?fﬁsuem%arﬁé)& %.T%’*.”S'oh'l Vs (EH St adi at i on

d height h st one s | _
fsglc?)gl one:(::%flﬁcggémgflﬁggﬂéi:%%% keevemm & e ttdtswhisch ohekergnd

[ ' ' [ iating a

i nteractedcahntingcklaeWp8hcdird£85hq o8 { g, sl de ;having, devia
transversg IE?ZRANS 2, While the r%émai ning r a_gﬁ ationci %I gags on the ot her
det ect or SPERERPOBEIRY distances between adjacent long sides having a

deviating transverse period TPreays, 2. If scale 1, developed as
a graduated disk, is located, with respect to the position of
scanning unit 2, within the signal period in which the
reference signal is generated, all slits 23.2 of second
scanning plate 23 are illuminated at height hé, and the light
transmitted through slit 23.2 falls onto assigned detector
element 25.2. The other detector element 25.1 is not
illuminated. In all other signal periods, at second height h,
at most one slit is illuminated, i.e. only such radiation
falls on corresponding detector element 25.2 as that which
before interacted at track 12 with af least one long side
having deviating a transverse_Tanm,z, while the remaining
radiation impinges on the other detector element 25.1.
Thereby, there is an increase in the size of the useful signal
by a factor J-1, j indicating the number of the long sides
having deviating transverse period TPrgans, 2 and the number of
slits 23.2 on second scanning plate 23. For values of 3
greater than or equal to 3, the reference-pulse signal can
still be reliably detected if one of the long sides of
markings 13", havinq deviating transverse period TPraays, 2, is

dirty. A signal pattern that comes about for j = 3 is shown in
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Thereby, there is an increase in the size of the useful signal by a factor
j-1, 'yindicating the nunber of the long sides having deviating trah$yer 37
perioll TPTMs, 2 and the nunber of slits 23.2 on second scanni ng plate 23.
For val ues of | reater than or equal to 3, the reference-pul se S|9nal can
still be ref?a%?y&ﬁetected if one of the long sides of nmarkings 13",

havi ng deviating transverse period TPTRANS, 2, is dirty. A signal pattern

that comesy 3 is shown in 20 2 3 MAR 2007 Figure 6b. Figure
4a shows an %xerrp%aarsyﬂoe iTh &l FERTPRREY FBSpeénens vheh fespadt O:rb cn‘hetrack 12

from wi dt hfcrmmhﬂ Ja:trecbfrmrrleukgszl&aomlalgdth\aﬂbgblapgg| Kﬁggk%rgge%a &?nnngf

r ef er ence- 0 ermts the formation

signal, so h %’pﬁeers the t€%Pﬁ§a5ﬁoph8fp6§??i—'%ﬁc¢re@1$lﬁ¢ rfglgie\\ﬂl (ae.,soone may

select a déc‘rrtﬂalltnS t]inreecf@frmaedohobat aoeaLcaMeet h@rﬂlrfm?rsj,agnaglef Sa,feef{ e Ir’ggst
n

1 f graduated disk 1
?\?\gogge?gri%éaﬁ%lts%ﬁﬁugt ed géﬁepaﬁilé%oanlaﬁﬁévrmg t PRV g9 c \arfeemant i al

di recti on Saiificth a diefrterni nptheefiaesve66§tp&ﬁépddirlp1'{fz§|\é§x 1fio rrTE-:I’:E N314§
of their BREGHLY r and jnternedi at e, ar eas a a o

The transvrrer sel §ltcd| ?Fggc%%ggra P%tl CBfC ref kR Hyst 1Rrmash byigb as wel | as
i nt er medi gédarsed Makamdc;'m@esfadl ié&sentwo S@é‘éw& lia ,ang, s fiflu ggt ect ed

t onpar e Fi’ gures
Che transi i o ot aon Fhort w et B i FoL Gt 4 b < ivs gnakigant er n
const ruct &L/t he thhtr@msﬁzgm e%@:mcf ’I':H’ﬁ@lgegi b{s cgnggc,gﬁeszh:?cgre
t el emren
ot her, inrpyghepylL HQQQmiQe r&c mtge ﬁré 48 GRS d a|rn114ﬁe0|§ré§ent

developed as photo el enent cor
exenpl ar y18Rhodlfrehtans serceombly stafnfagt e atel 2% i lofdas rat i ghkt 1§§exp%§2' ch

i ment i ned
conLo:hms 1Bg Qerxlf/:?§P0£‘§j'ﬂ9té¢‘r.lrﬁéd12a3ce2 arneanhel aX%rrr%l a1r4% or%b?i?fferent
Wt e al 0 -

sectors la and 1b is detected by different detector elements

25.1 or 25.2 (compare Figures 1 and 5). At the transition
between the two sectors la and 1b, the signal pattern
constructed in the light of Figure 6¢c is created if one
connects to each other, in push-pull mode, the two detector

elements 25.1 and 25.2 that are developed as photo elements.

According to Figure 4b, in the present exemplary embodiment,
second scanning plate 23 includes a slit 23.2 which conforms
to corresponding slit 23.2 in the exemplary embodiment

explained with the aid of Figure 2.

As 1in the case of the preceding exemplary embodiments, the _
circuit mentioned is developed in each case in such a way that
the two detector elements 25.1 and 25.2 are developed as photo
elements and connected to each other in push-pull mode. To the
two detector elements 25.1, 25.2, a current-to-voltage
converter 28.1 as well as an amplifier 29.1 are
post—-connected, whose output signal (generated from partial
reference-pulse signals REF;, REF, of the two detector elements
25.1, 225.2) is supplied te a comparator 30 as composite

reference-pulse signal REFs. On the other hand, a constant

21



‘As in the case of the preceding exenplary enbodiments, the circuit

ment i oned is devel opedpl n each case in such a way that the two detedfdMR 2007
elemdnts 25.1 and 25.2 are devel oped as photo elenments and connected to
each ot her ush-pull node. To the two detector elenents 25.1, 25.2, a
current-to- b%?fasg‘@”@dmﬁ@rﬁcer thyt 11 asIeRe Fateed dry anpldddieri 2911 datecror

post - conneclethnaMeGse QW Ruk %bgﬁabf(QeESEQEggaet[9€%Par%c}tgqme1lte§ner§5 1,

reference-pul se signals REF1, REF2 of the two orP
225.2) is Stppl1%d™t & PP aEsr REB)as b0 tepa neef eryerace pul se si gnal

. totdvemehard, careenstantvdit2q3 MAR, naI REFG,
Chat i o g > ~dd dot ec?é el e%rgtg%r 2353 gﬁ é1 formof a

that is ted b addi ti onal

constantEJ ngtaifqhotégelgenéﬁt su?ﬁ?ﬂ@/?ﬂgt%n‘:%&’@mt@g}fal FIEFJ&) iandisiest to

pr epar ed b;pcnllamestheoheeghedocutnentriggyp SO8: CONVE, %(r:fat?t%r 3%nd an
anplifier 29.3, is supplied to conparator 3 This 1s u rredul ate the
hei ght of the trigger point of conparator 30 Wth respect to t he

ti offigh (r@ls eant £bi ght gegepht RREG £ L@M& {5 d ctor
glegrenreﬁtl (2)% <3 ; g d rrg1ur es 1 through l%rhtth #%n beans

from Fi
ST1, ST2 exppgl gg)é Bg glg% AT AT T §eHe &1 v?el yit atayabbl rseEnhel ght hi
or a seccfrif@mh@ghreth ohrsegionsl sieah nt i Y @l edindsh st.he d egg,g lame‘?he

I t one 2 and which_are subsequently guided to
oteﬁZr of ta%gbtgm%gg%?g%ge%l%%‘? eCY et Bt s atom Firss @ellgeeabseonfat he

symmet ri caeceddsheight om ofort hsecomﬂsrseahnaﬂ@e?ﬂa% Wtfnsﬂqgs 51&?‘” al

radi ati on be + n i ch, are used generatl ng t I ncrement al
si gnal . ﬁe?ggg‘so#?h%l%ﬁeg%l%’c vfﬂe’sclcf'\' 8ueflééli§/aglledebeaqs ST1

and ST2 thR&e @Wg@ha’@leefcmimmﬂ(lmgs dma;vlarsg;l@lnfefdela@@tectggag%ﬁéﬁesper| ods

TPTRANS, and TBNS}Z ded to different detector enents 25.1
and 25. 2, égnﬂt h?a-g)ot her C?E‘dsaé' I?L£ (ﬁ'}d}la CPRELAEFEhoPeafisthee

suppl i ed, SYUSFa®, aFReEINEin cky:ltlmdaructeasl olfemrzaaé ehafibhesbnSE8R5 NG, PLAke 22

and . S-1, which are used for generating the incremental signal.
Whereas on the one side, as described above, radiation beams
St; and S¢2 that originate from markings having different
transverse periods TPrrans, 1 and TPrpays, 2, are guided to
different detector elements 25.1 and 25.2, on the other side,
the corresponding radiation beams are supplied, using a
Fresnel cylindrical lens 22.4 of first scanning plate 22 and
at -least one post-connected slit 23.3 of second scanning plate
to a single detector element 25.3 in the form of a
constant;light detector element, in order to generate said
constant-light signal REF;. In other‘wofds, in one of the two
created diffraction branches,'two detector elements 25.1)'25.2
are provided, which are assigned to the different transverse
periods TPrrans, 1 and TPrrans, 27/ in the other diffraction branch,
by contrast, a single planar detector element 25.3 is provided
which is used for generating a constant-light signal REFg in
the form of a constant-light level of constant intensity,
which, according to Figure 7, is combined in comparator 30
with composite reference-pulse signal REFs generated by the

first-named detector elemehts 25.1, 25.3.
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at | east one post-connected slit 23.3 of second scanning plate to a single
detector element 25.3 in the formof a constant-1ight detector el enddtMARi 207
order) to generate said constant-light signal REFL. In other words, in one
of the two created diffraction branches, two detector elenents 25.1, 25.2
are provi dg@m Whiich agsecassiignedfinalbg, difid efantrdd aRFweLsge-PEI QS
TPTRANS, Liand T ol ot her _diffraction branch, by contrast, a
single pl angr de?g%r’s élerellrarg%twgs.égi %S p?%?/"i”ﬂe OMWG*CRPL§ usBdFEBrre
generati n§a €6AstaRt CRPEheLskgnakdREEG A mof tdhe foonmeahta i6ORSEARY -y ght

| evel of egomghanktiAt gRSsict [ C cording.to Figure 7, _is conbined in
conpar at or go W th cormrg(lg.s??%o},%%e?eéaﬁ%g-t%ff?sseeq;sﬁodfﬁallgREEE'géﬁerh‘?eﬁ”b‘i/ t he
first-nanE@S8et EBEoFOBPRAERE STO5e1eNOS Bl DD Z RAVARERQOT: e S Niiiteiins

associ ati @Ae ¥hbDakkywhibg, desir - nu| si gnal REF is gener at ed,
as is shown, for exanp|e, iné%:i gﬁ?ﬁg%’é@?‘%} Lﬁ?z%gésé‘és'o‘f’ &L§r ﬁaugﬁi on of
scale 1 tﬁﬁ?eFEe‘fiof‘Prengh%yo“% e Atemt B dirsk fiomt aranskeast papisectors | a,

I b. If, iDP{hksS »,Ccase, tbheeCoRpast : of nca- bul se . si | REFS lies

bet ween the val ues which, fo@traﬁgvgﬁsgﬁgeﬁ 'I%ﬁ{?&ﬁ%fl%l, tEFB to be
expect ed F%m?ﬁ’éag?\’é cTOrET & eRFeondidsrefeeeperipdlsTPIRANS, 2, are
to be expREFedwhich heigidies sest arnd bhodi 0 enmits a :
corr espon%éarllrg rgf erence; pul se si gnal tb REE,G—%\/r\Ik]i%gEBg%g%aFsggjﬁ%’fl‘fehemposi tion
of scale 1°7&TatY V&1 ¢ st ddiuniioneli Peirdodhehsrgnaer peed ooy the

char act er t zauls byi ¢mef rdm ansd tdren Sdam ha eRe§echefclaglo 51{"31b°t her sector
| b. Here, too, it is possible to increase the magnitude o‘f e " useful
signal. A correspondi ng exenplary enbodi nent is shown in Figures 9a and
9b. In tHisrcomext it ng eodyians tdoonndregisent et ween; £ g tAéP Sgetors la,

| b of scqlﬁlgulﬂeglgdc%edAa% a %radu ted di sk, two markings 13" are

provi ded, whi ch each - havé % H5RE$Hiqg REGTRY2E KeeRpeadimentanisy evhsermper i od
TPTRANS, 1in dhidiurdorfg sinde dpaviing thhe see@adt | aASVISs SerHari0d TPTRANS, 2-

region between the two sectors la, 1b of scale 1 developed as

a graduated disk, two markings 13" are provided, which each
have a long side having the first transverse period TPrpans, 1

and a long side having the second transverse period TPmes,z-
To the markings 13a, 13b having different transverse periods
TPreans, 1 and TPrrans, 2, as well as to both long sides of a
marking 13", which has a different transverse period TPraays, 1
and TPrrays, 2 On each long side, there is assigned in the one
diffraction branch in each case the other of the two detector
elements 25.1 and 25.2. In order thaf the corresponding
composite reference-pulse signal REFs, whose curve is shown in
Figure lO,.shall not exceed the threshold outside the
transition region between the two sectors la, 1b which applies
to transverse period TPrrans, 1 ©f the one sector la, or shall
not undershoot the threshold which applies to transverse
period TPrrays, 2 of the other sector 1lb, the scanning plate has
windows 23.4 and 23.5 situated next to the corresponding slits
23.2, which transmit still further radiation (originating from
the interaction with additional markings, such as three long

sides of markings 13a, 13b of track 12).
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To the markings 13a, 13b having different transverse periods "'I'PTRA!\IS, 1
and TPTRANS, g as well as to both long sides of a marking 13", V\hggtﬁm%‘m
a difjerent transverse period TPTRAXS,1 and TPTRANS, 2 on each |ong side,
there is assigned in the one diffraction branch in each case the other of
the two detector elenents 25.1 and 25.2. In order that the correspondi ng

. : . ( : 0
conposi te Tied es eACe PUISRISIONA  RERS awhqge cyrve is shown in  Figure 10,
sthI not exceed the threshold out'side t'he tw(régrllsiatsl gﬂef'JégP%ﬁl’bje%/\e"éhtft he

two sectors TRECT B WA dFpiHess i veo stiidneverseapeni 6dnTPTHRANSE Ispfndhe one

r |a,porichad oMathalNGRrShQel sih hgld which applies to
tssgagversei. riod, TP‘I;}%I&% 2 o?@t he o?ﬁthmEZétEghf By ?'ﬁeg_%% Wy plate
has Wi ndows % Fhd"53.78 si tuated next to the corresponding slits 23.2,
which transmt still further radiation (originating from the interaction
wi th addi t | rl\'?ﬁﬁn s,..such as three long sides of markings 13a, 13b of
track 12). B, 4 gﬁﬁ‘?spfﬁ@nsirfé’lBP'mﬁﬁﬁ@@«BQZQhel,réZBe:Senc&s-_pAElele as
their positignelui thetwespechet @weagBcE8gpeehi Ve, Sl @kge Zdneassjfadref r}lce;t:! on of
signal  period SRef .t he ifncrgngn%al g_raduatl on, may be seen fTo i gures
9a and 9b. Thus. in th& tFfansiefonipBYi 8, 2F of i vig e refersnte pd se
signal, b&Pwkdmgshdamiogsebeorsrka, tkbnsoarsde opa,sige the fransversely

di ffract edy) irgghts+0fjak kégsgltwo ogg ii des, of _markings having the 1irst
transverse peri od TF’#XS\ 15T P Rges” on TRtse et rtheemante 25el, whil e

on the ot kéPN§VasEsehy difansveesel yghlt féf ast EEbelétngwd)flo%E?Rkﬁ@%% two | ong

si des of hLARYS ale] e_second_transverse period TP , ..i npi nges
on secondmgggclég?grhgﬁgh n%ﬁgf%onf%etﬁﬁ?/‘ée%?e R 9% Tdirrans, s ulng ingyds om

this of cBRAp8EFPRdreeerenee-plimentsi Zhat. RBRS difrvesh@wi e sfipgure 10.

iati m: fTarel} ' i ible to
Devi ati ngrkk - Ry gfbodi ments shown before, it is” possible
i mage thgrEH?ki %gg ﬁgvi ng |f($erée)ogr¥p?§laﬁﬁesv%er{ewe}e“ce pulse signal REFs is
shown in Figure "10.

Deviating from the exemplary embodiments shown before, it is
possible to image the markings having different transverée
periods TPrrans, ; and TPrrans, 2 not onto second scanning plate 23,

but onto any other plane, especially also the plane in which

detector elements 25.1, 25.2 are located. In this case it is
advantageous to position a second Fresnel cylindrical lens
23.4 on second scanning plate 23, instead of at least one slit
23.2 for the diffraction of the transversely bent light

~according to Figure 11. The two Fresnel cyliddrical lenses
22.3, 23.4 then form a cylindrical téléscope, using which a
large imaging scale may be achieved in the imaging onto the
plane of detector elements 25.1, 25.2.

The function of the at least one slit 23.2, which, in the
exemplary embodiments described before, was in each case
provided on the second scanning plate 23, is then assumed by
at least one slit directly above detector elements 25.1, 25.2.
In a corresponding way, the aperture function may be assumed
by a suitably structured sénsor. The shape of its active

surface is then similar to the shape of the respective slit
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s

periods TPTRANS, | and TPT S, 2 not onto second scanning plate 23, but

onto any other plane, especially also the plane in which detector e} gMrRRUy§7
25.1,)25.2 are located. In this case it is advantageous to position a
second Fr e?ge% cgl indrical lens 23.4 on second scanning plate 23, instead
of at |east”ohe®SITESPSF S rlitthe 3di2f flrashronxenpt hey ternsiieraaly bent

li ght accoesktnipdd dd ree Ther Wa i EEgsD jndrical |enses 22.3,
23.4 then gr%mdaﬁ cylindri cal tePgs"yctgpe, Eﬁgﬁnggaﬁ%{%%gg é?%r%ees n}&"dﬂ‘?g %cal e
may be achieved 14T HE iITREGITGSACS R bpl dRelehenietdctarerelementthe?5. 1,

25.2. The dsmotf ororgfarahe vaflyl easlks@n@esbbto23s2yuighy in the exenplary
enbodi nents descri bed before, was in each case provided on the second
scanning plate 23, is then assunmed by at |east one slit directly above

det ector elerfents @5el toh. 2. bebh pathr E6SPOBEA NG WaYs JJIE BRE" hyr, & |
tructured sensor. e shaﬁe of its

function na a suitably _

active Slr}?f/?arg% ?I;'?,ﬁ% ehﬁ%)ré‘irllg?'ihéf Fﬁetéﬁaﬁés‘iﬁmt%q’%tﬁe\f@rﬂ,i tin24 2 3

MAR 2007 8.9 heam espéot itee, skivb 23e2nkéD & B QXerdY @Y REROGILTENT $ 5 o

descri bed sf ” r.eb osi ti.on- neasuring devices having a ‘sralT ‘fype

of construct iné?;\%&g}ggga éﬁ?e%@h 8@, gg%?l{]i}\?‘?h b tddist begmpaeahi vel y

coarse det'd@rsr ist mgstigned. ikn bhhsphase ¢Damerit DeAm Pah oS oAt g%%ng a
€

i is i t d bed :
o thi's Shamsinon sseHBRsSEIECLAr “Boretnanding irses pRzha ireange bl ng
situated one behind the other, and to this beampath there is assigned its

own phot o gl emeRtc28. 35,0 Lch bot diffraction branches of the
correspondi ng bear?]%gét | %?nﬁé\g%ls F?Jgtﬂé? R L BT h&es&idest t he

previ ous| fey&dePrBEE odemerbpment 1 df amarkitngsnckl sard airaber Ardiat gpar eas 14
ossi ble to construct a

ggsia'?i ohnﬁgggﬁ?&ﬁgaggggggﬁﬁgg?%t%{'b:lo T PEEi% i%6n SPRESEREE Bn by usi ng
di f f er ent PPPAR3QBIrEea periodsIaPIRANS vinqand SERTRANG0s2+ i BAr information
by using different transverse periods TPrrans, 1 and TPrrans, 2. For
this, in conformance to a PRC code, along the measuring
direction x, certain long sides of markings are provided with
at least one deviating transverse period.TPTmm& 2, Whereas the
remaining long sides have the usual transverse period TPrrans, 1-
The images of the slit which are producible by the deviating
transverse period TPrrans, 2, are imaged, using the telescope
optics, described further above, that is based on two Fresnel
cylinder lenses arranged one behind the other in the beam
path, on an ASIC, as shown in Figure 8. Long sides of markings
having the one, usual transverse period TPrrans, 1 are imaged on
first active surfaces 25.4 of the ASIC, whereas the long sides
having the deviating transverse period TPrpays, 2 are imaged in a
modulated way on two active surfaces 25.5 of the ASIC. The
first and second active surfaces 25.4, 25.5 of the ASIC are

connected to each other in push-pull mode.

First and second active surfaces 25.4, 25.5 are each made up,
in this context, of_subareas arranged one behind the other
periodically, having a period P. In this context, the

corresponding period P is given by the product of the imaging
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'this, in conformance to a PRC code, along the measuring direction x,
certain long sides of markings.a.re provided with at |east one deV'P$MM®zm7
transverse period TPTRaNS22, whereas the renaining |ong sides have the
usual'tran%%%&%e @e%kod TETRANS, 1. The images of - the slit mh{ph are
produci bl e by th€ deviaf PAGSCPPanSREESE peed T RTRANSgn21 8ke ibARIedon

[ [ i [ d on two
the tékescopet epyhass deserébgdshustper.ahove, fhat .is base
Ef%ggel c ILQgerpkgnses arr anged ong %eﬁ%nd_t%e 0‘%§P i ttﬂﬁ&_ﬁéé%ﬁcﬁath,
on an ASI C as “$héwn fﬁsﬁfﬁgi% 82L 3 hdt i Rlessi toformmrtkismgd e hawiipg t he one,

[ j 4 i ' 25. 4
| trangeepsetperi edadPTMNS:n it az €; & r@gad-on ,Jd &5t ,active surfaces 2
g?u?he ASI C, mhergas the I ong sides having therﬁ%V|§fﬁngn9r3n§9éi§e peri od

[ [ [ faces 25.5 of the
TPTRANS, 2 are imaged in a nodul ated way on two active sur
ASIC. The ApFpseiandtecotmhartias #urf a0es @dngd5 a3l oL ne,ASI C are

- ' ush-pul | node. First and secon active surfaces
ggh2602295£g?gég§%§%%EEﬁéékj%a¥ H P Arsidedofishbahees arrmoged one

behi nd thedbfﬁ%¥en@e¢$inﬁ1§ﬁdthduﬂddEJexuyygugdaﬁ.abgoig£§_ggg%ext t he

i ody R S 0 t% % PIAR
correspon R i ven the product of the i magihg 5“
2007 gcaﬁ%D%%P?%% tef%%?ggétﬁﬁ¥i S Hgﬁﬁ FRfeEnBOsFihhe Pblee i ooklidy and t he

out put sigﬁﬁﬂ@ﬁ%ﬁt#Vﬂ#XMkﬂmgpMdasmaﬁm@c@adh@cbgvae§yrggcghepé?{é&agfg

e
i b it ) | Mt 2is
respecti ve,aby t fscale.l with respect to scanningu
ascgrtained by Jﬁ%ﬁggg%kéuﬁ@égcﬁbg%FdﬁﬁﬁrPBEQnéﬁﬁé@bvatbnt, t he mar ki ngs

formng the increnental track may al so be provided with three or nore

i ansy ' i i but ed
di fferent I her e n_absol ute code may be distri
tg tag.tré%is. Tﬁ?gﬁﬁggéj %@?gﬁﬁ gn?%e%SBSFHBeﬁfab%%ﬁpaﬁhﬁ|AR§Q#M&mu§l

measur i ng PN S Wdisl 1aseehs gener dtivedoped hacy casgtdaaulanc f of

i d idafitli I X ry epbodi nents describe : , ;he
| nor ement ?f‘*a'dgl?';‘&:}?%’f’én@i DR R L L e Gt ol Amedridvcbt o 11 gt

gr aduat i o "G *29I5h&Se SGFHEFNGES AnEgr Akt b Vied yus &Pl i dHide the scope of

the present invention. In the same way, it is possible to

implement a reflected light system instead of a transmitted
light system.

The transverse substructure of the incremental graduation is
formed in all the cases described by the width modulation of
markings 13 and intermediate areas 14. In each case, these
have at their long sides a periodic, siné—shaped contour
boundary along their respective longitudinal direction y. The
periodicity of the contour boundaries corresponds to the
respective transverse periods TPﬂmm,; énd TPﬂmmlé. Because of
these transverse substructures, besides the longitﬁdinal
bending or splitting of the radiation beams used for
generating the incremenfal signals in the measuring direction
x, there also comes about the transverse bendihg required for

the generation of reference-pulse signal REF.

In this context, the special advantage of a sine-shaped
contour boundary is.that'the intensity of the incremental
signal is not so greatly impaired by the generation of the

reference-pulse signal. The reason for this is the low field
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gratings or structures may al so be used within the scope of the present
invention. In the sane way, it is possible to inplenent a reflecteggwqumm
systelninstead of a transmtted |ight system The transverse substructure
of the incremental graduation is fornmed in all the cases described by the
wi dt h nod A6t 0P Fhekifihgst 18ndndinat ef neel at enpraas ok Jifk :4agh ;6ase,

these hawedlr theihel 9RG 5L periodi c, sine-shaped contour boun&ary
al ong their respecti&e Ioﬁg??ﬁgiﬁglgé?r@ﬁ???ﬁ?ﬁﬁe'ﬂﬁ?tﬁﬂﬁi%ﬁﬂW§ﬁu¢e@t t he

contour bdtRd&*EESSéERr e5pbhelss tnushidal esperdiy &durRNSMEISE er i ods

TPTRANS, healdrTRERANSe -2 Begause_ of hese tr.ansverse substructures,
besi des t he Iongl?udingf 1%enging'%i %?éi?? e OO REPLadiugei oF boans used

for geneF&CPRGTLHE FhEPeRbREaloRi ghat srmimdhe mear¥Hmeudibacti on X,

t here al spropoesiahodt the 1{ V. bendi requi red .for the generation
of referengeigulse sj gnal REﬁ.llﬁﬁ%ﬁg cog%£%¥F.&%§ éditzPdadvanbPagesof a

si ne- shapé $it Bhr “BRuRREe FeR e 1Ak traninitnensindy tok t he i ncrenent al

signal isinotemengsbaslynd Mpadd iy, the generation. of the reference-pul se
signal . The reason for this is the odﬁﬁieﬁggfgafu§lﬁﬁRp§88?rt%PPength of

the first and° MAGs FiFet Dorigia Ui bratidinf fofachieonodudetiah pbeib@cati ons
of the trhhsveise fumattiwh structures. The extension of the:sinusoida
contour boundaries in neasuring direction x, i.e. the nodul ation anplitude
of the respective sine function, determ nes the distribution proportion
of the |iZpart nfensidiresdifaiiRe dadildmzed shea f rays of the
referencebggg$gf%xﬂggg1 and thlge incﬁgﬁgnfgﬁ?gpgngﬁuggﬁﬁhf g. O Mt

di stribution progortion 'Sats ¢Sy INE tsgeshpayhbesesedt innwiof ch hehe

modul at i okPTErdistkofof tthe siane ibyRClcoRt cARAKL, LEQ S Nusei dal | v&’eSi gned
contour houndarjes. qifjer, peniodic, transverse sug£§rﬂc%d?é%“#g be used
in which the ’ eéxample. Furthermore, the modulation amplitude

of the contour boundaries and long sides of the markings could

be selected to be so large that adjacent markings in the

measuring direction x touch, and a cross grating having
rhombic structures results.

In addition, a transverse substructure of the individual
markings, particularly with respect to very short modulation
periods, may be formed in that the markings, along the
longitudinal direction y (transverse to the meésuring
direction x) are formed of a plurality of graduation markings
arranged one after another along the longitudinal direction Y.
In the case of transmitted light divisibn, periodic
(alternating) light—transmitting and light—non*transmitting
graduation markings would then follow one another, for
example, in longitudinal direction Yy of the respective
markings. Thereby, too, one could achieve the attempted

modulation effect transverse to the measuring direction x.
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| ong sides of the markings (contour boundaries) are shaped triangular, for
exanpl e. Furthernore, the nodul ation anplitude of the contour boundaz5ﬁ§R2m7
and |l ong sides of the markings could be selected to be so large tha

adj acent markings in the neasuring direction x touch, and a cross grating
having rbagmaic structures results. In addition, a transverse substructure
of the individual markings, particularly with respect to very short
nodul ati on periods, may be forned in that the markings, along the

| ongi t udi pal di,r ion .rapsverse o the neasurin direction x) are
Formed of a pi vartiof sy IR s RE R e s R R Mot ner

al ong the | onga trauk ineludidigra@Ghdremental graduadiids hadiag aGpedifieNgatidtRA petiot
division, periodic (alternating) light-transmtting and _

| i ght -hon3id &tending 3lorg a gleatiiag dorctinm: Rt lsast one disgontinaity pbthednerementghot her

for exa j ' [ ] oy t a /e mar ki ngs.

Ther eby, "?ﬂgg?atg)ﬁeah%g%édﬁggﬁﬁge\?gé Pﬁ%ﬁgﬂbg{?&g@f Et]ler?tg‘%fg[ch"tasl%{rﬁﬁ/’effect transverse
t o the neasuri agcadhingamit@dnfigurdd t?sc3n MidRn2@héntaCyaidaaich. byAadiation beams,

posi ti on-neasuring device for generating neasuring signals, conprising: a
track incPRfefiHg b AR ARHEN e SCARTYBRIERI BIP VARG FEE QpRrorLRPeqAeBe | on
period SyaihnaXbPhd s&nid nent?g?ﬂ?ﬁé ‘rﬁ(f&g\tﬁlir% diFe‘éEib&rAngat | east one

di scontinuity of the incr i gra n arranged at a reference
posi tibn t o geatdeast encimaging epticesystgmal ; a scanning unit configured to scan
the increnental ,gradyati.on rradi at i gn e track and

b .b .
(b) the scanni NEETGHY e %@%Pée Fhéf%ﬁt’lr\?‘gyfsot%?rggd BY ﬁgr(?a(’dgfthcé‘{‘g%’ O% g)e the track

and (b) tihereseamlioRdustitin, ety bEeRBASHY loBe ﬂieﬁ@@ﬁlg%‘ecmgomeat_ | east
one inmagi ng optics system wherein the at | east one discontinuity is forned

by a nodi Mreaenth geduation arrangedieededlgrt gdiatombeasms thataregiehite ffopethpendi cul ar
to the ne A [ i of . e raduatio ranged to
e e
def | e i odirgdtioedd other dgionabf thg indrerbaldiradiiohnui ty from a deflection 15
direction in other regions of the increnmental graduation;
wherein the scanning unit includes at least one réference-pulse detector element
configured to receive one of the radiation beams having different deflection directions; and
wherein the at least one imaging optics system is arranged in a beam path of a
respective deflected radiation beam, the at least one imaging optics system configured to
20  image a slit from the incremental graduation onto a further slit located in a defined image

~ plane.

2. The position-measuring device according to claim 1, wherein the imaging optics
system is configured to image areas of the track irradiated by the scanning unit, and

25  includes at least one cylindrical lens.

3. The position-measuring device according to claim 2, wherein the at least one

cylindrical lens includes a Fresnel cylindrical lens.
30 4. The position-measuring device according to claim 2, wherein the imaging optical

system includes at least two cylindrical lenses arranged sequentially in the beam path of

the deflected radiation beams.
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wherein the scanning unit includes at |east one reference-pul se detector
elenent configured to receive one of the radiation beans having di f%éﬁ‘éﬂtlﬂﬂ? _
deflection directions; and wherein the at |east one imaging optics system
is arranged in a beampath of a respective deflected radiation beam the at
| east onecima C - image a slit fromthe
mcremen'?sal g?g%c{%lﬂ&? oﬁ%ﬁﬁég%\ﬁ?ﬂ&cg@ﬁ%dmlCg%gfgd in a defined i mge
plane. 2. The phatinithaimEasgioptitg sgasmdecadipareditogmhge atas ofitlls tradkettat iy t he

i magi ng optics  systemis configured tq inmuge areas of the track irradiated
by the sciERfidig QYrihe scagppeamit; %P@d’é%deiﬂefi magingplangyindri cal | ens. 3. The

POS {1 0N MeaS Ukl |16 AF ARE!nR kO lkal Bh ot ASHEL R or BARE On

cylindrical lens inc resne rlca | ens
posi t iSon- hmrmgmffag:ndéaﬂecaomdmmtmmgs armngécauonn@mgfmede\mmkt is@rrangegitng opti cal
system i ncl

Tl boam DAPH Bt ddiEA RPN M KERB SRR SHs 0D O SO0 et Tho

posi ti on- SRasSIHdRG éﬂ&f{é&@ aagcording to claim1, wherein the imaging optics
systemis configured to inage areas of the track, that is irradiated by

t he scanni ng uwherginghe dlf&rqmle'di@ﬂﬁcrte@lradM@m’@garpS arvaTaggell \Hmpiige anhe | magi ng
planeinéﬁd @)Fleas S?tslit on which the radiation beans 5 having

di f f er ent IHEFRE ?6‘?{15(? Yons is arranged to inpinge and which is
arranged to supply the radiation beans having the different deflection
directions to different reference- pul se detector elenents; and wherein the
di f ferent®y deTheRasiiprrmeasaring deHeuasortieg Wrdaimydavhesein thsi Giffereshy di f f er ent

clam 5, Slel fadiytdn pealhs dre B8R, hARRAR it RS RIREARRIRGN 1 1o
I mpi nge udiesetidn bf ereatit. pl aces aI ong an extension direction of the slit. 15

7. The position-neasuring device according to claiml, wherein the imging
optics systemis configured to inmage areas of the track, that is

irradisated by {hep &ﬁ%%@&ul’iﬂ% hemé)sﬁcercﬁnga{oeaﬁtﬂ f‘%e‘réfﬁ%e’]ﬁqa@h%rtﬁ)tlcénd
wherein the inmaging plane incfudes at |east one slit on which theé radiation

beans hayisteq dicbhegured tadigfdge etdas nf thiertmck.itbatgs irmdatedipyghd scanninggimyge and

which is artggfg,gedéﬁngd imaging plane; and

wherein the imaging plane includes at least one slit on which the radiation beams
having different deflection directions is arranged to impinge and which is arranged to
20  supply the radiation beams having the different deflection directions to different reference-
pulse detector elements; and
wherein the at least one slit extends in a direction perpendicular to the measuring

direction.

25 8. The position-measuring device according to claim 1, wherein the at least one

reference-pulse detector element is located in the image plane.

9. The position-measuring device according to claim 1, wherein the scanning unit
includes at least two reference-pulse detector elements for radiation beams having different

30 deflection directions.

10. The position-measuring device according to claim 9, wherein the at least two

reference-pulse detector elementsare arranged in one plane.
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20 supply the radi ation beans having the different deflection directions to
different reference- pulse detector elenents; and wherein the at |eadf MAREO(7
slit extends in a direction perpendicular to the nmeasuring direction. 25

8. The position-nmeasuring device according to claim1, wherein the at |east
one reference-pul se detector elenent is |ocated in the i mage plane. 9. The
posi tion-neasuring device according to claim1l, wherein the scanning unit

i ncl udes Ht | €Bst pdsiivnrraéasuang deyicd seortitewt cdaime] ,avbenéia theoihcreadned i on beans
having different 30 deflection directions. 10. The position-mnmeasur.ing

devi ce ac¥BFHiAG i dep SFTPGC TARKINGS 19'ar e ale dredserTangs betweelt BRPETPHIF se
detector gleypRt sare arranged in one plane. 29 2 3 MAR 2007 11. The

posi tion-neasuring device according to claim1, wherein the increnental
graduation includes periodic markings internediate areas arranged between

t he periogjc rkings. 5 12. The positj.on-neasurjng device according to

ol i m 11 Coier DR past R mezsyiae dfieh e cophrs e Tl RIRGS G488 °f Fom of her
peri odi ¢ gERbKicNAS de@hies &®ni &ﬁeﬁfbe?i%@f&tm_éﬂﬂr%x and d&finebKe discontinuity.
position-neasuring device according to claimI1l, wherein a plurality of the
10 periodic markings is arranged in a surrounding area of the at |east one
ref erence, posi.tyj on .corresponding .t > dj sgontinuity.and,devi ates from
other pertba: el fEERERER UMl RebRin | RIRH LE iR By AR B iR

posi tligon-pee@did haginge Vi atanged i déuithundingladdaBkie avibast 6hdirdfdrenderpsitionncl udes
at 15 |l east two sectors, each sector including a different increnental

gr aduat i diprresppndingdotgsdiscontingidy and idayiatss frospohecrRaripdirgmarkings andihat wher ei n
t he incrqﬂgﬁgghmcﬂ&gggﬂﬁj_n is configured to formtwo diffraction branches
fromthe radiation beameénmtted by the scanning unit, a first diffraction
branch including radiation beans deflected by the 20 increnental graduation

and suppljed to respective first referepce-pyl.se detector, el enents, a
Second” i HE r ach iR BIEHRFHHER B6YIHGAEREISE [0 B Sy GO Mgk anclidss dbng
r ef ergnCceepUbRE secliftt RGEREecdraABNgInG A AffarBhd REBIERANEFadudifon. The

posi ti on-neasuring device according to claim 15, whérein the second 25

reference-pul se detector elenent is configured to generate a constant |ight

| evel . 175 Therpog| bl ATBRARHE OSSR EiPRSRUMH NG AReif oA MebRrenla t T

conpri sing an
graduation is configured to form two diffraction branches from the radiation beam emitted

by the scanning unit, a first diffraction branch including radiation beams deflected by the
20  incremental graduation and supplied to respective first reference-pulse detector elements, a
second diffraction branch including radiation beams supplied to a second reference-pulse

detector element in a uniform manner.

16. The position-measuring device according to claim 15, wherein the second

25  reference-pulse detector element is configured to generate a constant light level.

17.  The position-measuring device according to claim 15, further comprising an
arrangement configured to combine output signals of the first reference-pulse detector
elements and an output signal of the second reference-pulse detector element to generate a

30 reference-pulse signal.

18. The position-measuring device according to claim 17, wherein the arrangement

includes a comparator.
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arrangenment configured to conbine output signals of the first

ref erence-pul se detector elenents and an output signal of the secondZ 3 MAR 2007
reference-pul se detector elenment to generate a 30 reference-pul se signal.

18. The position-neasuring device according to claim17, wherein the
arrangenment includes a conparator. 30 2 3 MAR 2007 19. The

posi tion-neasuring device according to claim15, wherein an inaging optics

is arranged i nTeagdithmamepatihg dévitdaccondinglid dlaiact 3, avhebsinaa hasging optics is A

met hod for position-npeasuri ngf with a track thaE i ncl udes an i ncrenent al

gr aduat i o¥TaEES HUGASH PsrB REth r%%f‘a%mhﬁ%aca'iop@&%qc #-and including a predefined
graduation period, the track including at | east one reference position
having a discontinuity arranged to generate a reference signal, the

di scorfti n20.t y Aonetbad foy pasitroginfeasuatngomitinf tradkethahmckidenaraincpmedtedt | on of t he
track that extends rpendi cul ar t.o the neasyr.i direction 10 .

Conpr | si nAeR PR a s it e HSSHERar inaoing BB satiion o
scanni ng pHdd; thedmRR MRS [E4s86He WidrBndelPstioAMAVIAg aldicbitiflely Rk, by
an imagi ng optics system radiation beans that originate fromthe “scanning
unit to itveggeeratesd feterencgrsigniab thendipeomiinvisy fogmad barinaedifieatior oftheo a furt her

slit in a 15 def.,i ned i | ane, .a defl ect.ion direction. at,.the
i seont i ARl AT S IRE Gadl ACex ol BEREELE A € hE Fenindlaitlifon. .

t he troack(;orﬁﬁb}@iﬂge_cei ving the deflected radiati on beans at a respective
reference-pul se detector elenent of the scanning unit. 20 21. The nethod
accordi ng to cmavimgshe tragkelengthe meapyiigdifesHomEidivedp @ SeRIMINEHNG i n t he
defl ecting ste - di t: T thod according to claim 20,
further conpri gﬁaﬁ%‘“gl}r%%%g‘}{‘ ethfﬁéarng#@ﬁutdg? graduati on by the inmaging

opti cs syst em defieotiag, plyanemag@ing 2pticsTdystens trintiaticactamd ithey otiginateairom 21k

further conpr, si n&: form ng. tfvvo iffraction branches fromthe ra?i ation
beam eni t ¥@AMH UpH & g’éaé%‘?rﬁsﬁ‘é TOfHiE insyepetal; graduanan frack optg 4 fuEthg st Whpl yi ng
radi afg on,RgaRdliRakiBhe, et ldndiredlibh hiaht URBRIARG ReAagnggbmect ed by the
30 incr en%nt al gradobation to a respective first refefrence-pul se detector

el enent ; deftEctisugipdopiongt pthdi latatoms béthegrackcidndded in a second diffraction

branch to a Sercegg‘lging the deflected radiation beams at a respective reference-pulse detector

element of the scanning unit.

20 21.  The method according to claim 20, wherein the radiation beams are deflected in the

deflecting step by diffraction.

22.  The method according to claim 20, further comprising imaging the incremental
graduation by the imaging optics system onto a plane.
25
23.  The method according to claim 20, further comprising:
forming two diffraction branches from the radiation beam emitted by the scanning
unit by the incremental graduation;
supplying radiation beams included in a first diffraction branch and deflected by the
30 incremental graduation to a respective first reference-pulse detector element; and
supplying radiation beams included in a second diffraction branch to a second

reference-pulse detector element in a uniform manner.
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reference-pul se detector elenent in a uniformmanner. 31 2 3 MAR 2085 ﬁ4.
The method according to claim20, further conprising: conbining outp MAR 2007

signals of the first reference-pul se detector elenents with an output
signal of the second reference-pul se detector elenent to generate a

refer encesp ul Sthe rﬁétggcﬂicm%igg to claim 20, further comprising:

combining output signals of the first reference-pulse detector elements with an

output signal of the second reference-pulse detector element to generate a reference-pulse

signal.
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