; e3dF$6LTOr PCOSI TI ON- MEASURI NG DEVI CE The present invention is directed
to a position-neasuring device for generating nmeasuring signals according
to the preanble of Claim1l. Such a position-nmeasuring device includes a
track which has an incremental graduation extending along a

di rection having a specified graduation period mhlch IS provﬂﬂmmmwmuﬁmmm

| east one reference position with a discontinuity f

reference signal, as well as a scanni ng devi ce, anabIe al ong thésﬁ@asurlng
direction with respect to the track for the (photoel ectric) he
track. In this context, the discontinuity is forned by the nammWMH@m“mMm&

a transverse substructure of the increnental graduation that exten

per pendi cul ar to the nmeasuring direction, which bends radiation 5
originating fromthe scanni é@? $ﬁ o % havi ng one conponent
per pendi cul ar to the neasuré&ﬁﬁ%#é%é b % @:é@gf % the direction of
bendi ng at the discontinuity deviating fromthe dlrection of bending in the
ot her regions of the increnmental graduation; and the scanning unit having
at | east one reference pul se detector elenent, preferably at |east two
reference pul se detector elenents, which are provided having a different
direction of bending for receiving radiation beans. 1 r The perpendi cul ar
extension of the transverse substructures with respect to the neasuring

direction does not nean necessarily, in this context, that the transverse
substrLuﬁﬂﬁeEF?ﬁﬁR$t%ﬁ?%ﬂF%&%c%?ydbéﬁﬁEﬁﬁlEBIérP?S%BlPﬂemﬁéégﬁﬂpﬁg

directi oy iRad N&Sxr ddnd Sa Oy ﬁ@ggufﬁﬁﬁtgﬁénébg hEapsMengetsubpkruct ures
have at | east one conponent in their charaCteristic that "runs perpendicul ar
to the razeARRkR f r€edi®nl . A position-neasuring device of the type named
is knowmn from QLO 03/021185 Al. The known position-neasuring device is
conposed, for the generation of periodic incremental signals as well as at

| east orihquef@rmmletmn-see@iﬂgn'amg de¢viacecahelhdesng hrecickhishwhishaa

peri odi gﬁg} n o] ayi a nt al
graduatﬁgkﬂﬁgf Pﬁ% ex %ﬁd%kﬁ gﬁ%ﬁé %ggggrgngg ?ngﬁ? ElEr[egg&wﬁech has
a d|scomavan)avapénIﬁB@EOQra@uanlomtpeaio@rwbéchylSoprbhedgdnetaﬁton of a
ref erence se Si as_ wel | f can | s novabl e

rel ati vglet%qi hoenesc%ée%en ‘f%ep?r%]a ucr”i?n‘fj Eﬁ?r%c{‘? %Oggébug@ger@f)gl n neasuring
path, argenddatindesiteferencghtignalceasineldes seseaahidgt detrareel enents
for photoelectric sca of the increnental graduation s cont ext,
ina flﬁﬁ.éﬁgﬁi qﬁﬁ%qW%%iﬁFéﬂ%n 1paf }O?hgl?ﬁcfgﬁgﬁFﬁlg&rghﬁatlon has
a first ﬁf%&vﬁﬁetﬁélb(iﬁkﬂd\l@ééll@ct\biﬁh @@@dﬁlh@cbﬁeaher adihaki, omnbems into
at least a first s atial directjon; n a second section of

th
nmeasur erféitE &t h, t ?KQ%?ﬁﬁ%ﬁ&ﬁﬁ%ﬁygFﬁdESFWSH H&stﬁes@88ﬁ515P5ﬁ99eP§e

subst r uct Al es W £ Deswisrhdeh denbrr el at heRehReAalB 1l Bkadakthieasthatsecond
spatial direction that differs fromthe first spatial direction, so that in

the trarSfRSHHS rRERREHEE GiebRT t he Fb?slf‘eéﬁhlréﬁaoﬁélr%éﬂ-PBn HRheFE bensss a

di scont i Juk {4 bt od fsPesti§ontbengptieal thendinanaati apief (bke transverse
substructures of the increnental graduation. In this_context, in the :

vari ous Speiraft Rt ea bRy oSt GRTBPABNET PEKBCEEARHLAG GRi the
ref eren%%fﬁa seg @El@ﬂlew@?gﬁsé\%@séatueh@dd%e%'leh B%LUe%ldlng at

reference se signal are present from whose processing t
ref erenchpudsecaigialitesdévéatng from the direction of bending in

the other regions of the incremental graduation; and the
scanning unit having at least one reference pulse detector
element, preferably at least two reference pulse detector
elements, which are provided having a different direction of

bending for receiving radiation beams.



*Altérnatively to the use of several (at |east twd) reference pul se detector
el enents, a reference pul se detector el enent being assigned to each

radi ati on beam of a different bending direction, a position-nmeasuring
device of the type descri bed above can al so be operated using a reference

pul se det @eleOpegbeBAtuMIECOxtSn856H L HO 10Nt Bfe Ae siadicali-enhgans
havi ng a different bendlngpdlrectlon. Wth the aid of the illum nation or

non-i | | um"Aath GRSBFCENFE SPRgNeTF RSt §ifl iR FASScOr BéRent, it may
then be defeeemisaedlyhetheeht becset &xeNCenPOSiHd ArdrSedsle being crossed. In
t he known posi tion-nmeasyring device, the generation of a reference-pul se
si gnal isS&gFF655tPF8ﬁ1gaV%fE?eﬁﬁ% %ﬁ???%ékﬁeﬁgquﬁﬁﬁiﬁggédtPntPﬁe

i ncrenent aleatsatckg Baretbisn.t hragrie@duaid ons rariks refqutihed reseneatal
graduation that is to ge scagned ﬁgve a_transverse structuring (so-called
transver s& "S0BYEFGEL GPRET L AT DREST HEFYE AT €13 Tn B ERMBREFEG: %BeFB@hHicular
to the neasuariangediisedti ohyt fdiwes | péeseaidboundarys lthremeafsutrheggr aduat i on
marks are periodically nodulated in the |ongitudinal direction, having a
def i ned tFéﬁ?&g?QB'graduation period. At the at |east one reference
position, the transverse graduation period changes and the reference mark
i's definegrbé this point of sudden disgo tinuity. The transversE.

subst ruct fir 89SBFHRY BBBEEL LHehUT HEE ofF tHE radSa i3k bedms PR A§PRg 8pon
them (by did/bDRacBEOR).eVra kmowhepdd Bsaremse diriert idericpernperdnpukad, t o

t he neasu%%@gtgirectgoné. The dq?reedof bendi n q§pends, in this_case, on
the respeéfirve tr dRBVAFEE°Yr AHURATT b ﬁ%rﬁ?ﬁfe“ﬁﬁﬁl cSGPARAG §5i Fethanges at
t he referemncéepesi bhenrébe nedcdypal poi sitgrofl ,sudden sdiadeontivinigt ¥ ekathe
graduation period. A certain detector elenent in the formaof a photo

el enent | sms%é‘%?% prggé%)%h%d”rl%g%’%%’ﬁaﬁel%/rat%laﬁ%eondilfsf g‘.ﬁgﬁ?OP.egnEeg}gg
graduati op periteds. ihaoréhentakeyoddeatossi ngetikel,r efhdréneatpasist edBngnaa
relative At of.the scale with respect to,.the scanning 3 unit of

t he positggéggggé r?ﬁ%eggﬁ?%é,a?%émﬁgﬁhiﬁﬁsé¥f%§f° PRtV &Pi on beans
changes i mespehtatwaynt batidyl tpwrspdrige fidre thes peclkiraeliynoblien det ect or

el enent i pon, _From t signal, pattern (pattern of the partfia
reference§8§§%§g§?g§%}§eaEIQ%%fhta ehstt 3o e@effgpnépgngﬁﬁg,wglcg S

r ef er encempubbéesrghat ivayt¢ here becadey i redHey meiagnali ngodneeticaon asers

expl ai ned.i g@) ?/ %% . Al. The advant.age of the integration of a
referenceang? ?% org %ggﬁégéﬁgh thng%Jgﬁg Fﬁgfdﬁﬁegte%g%5I593HESS of
added constrlutesnsenyrbe & foverr dulrdme tas Serblphotbeflketréspectnuéng

posi tion-prasyLi ng ? ' [,S; context, .the set-up known_.from WO
03/021185H§ageé ge? g%%gfgﬁu&{%éggﬁ%ﬁﬁhen éﬁufiﬁﬁgﬁeﬁg’nép FnFéFFg}ed with
by the reberghee afrkhe Thea pregemt ipaent itde iisdregedted ghedpaobbem of

| Y OVi N9R3sPOSELLOR- FPANNLIG danl &8 Rl e iR BRkLonRd Ak Lhe outset,
wth respect_to_t e spatla resolution of the reference-pulse S|gnal. Thi s
probl em | saddhbedni peame oFnleamoxt ka4t e fimedempatiwéntiiorchyodevasing a
pos't'9”'HﬁaéUééEgngeyéé%&$E“6f“kﬁé“héé?ﬂf&ﬂ%%tokagka'%h%-iﬁ%%%hghgglto
that, it Is provided to position an Inmaging optics devi ce in the eam pat h
of the (tgapdveksenyhapentsecatichtl e wostroctulte yénehabeodsof t he
referenceigghagnt 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 wvarious
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.
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t sigrnal. By doing this, the spatial resolution in the generation of the
reference-pul se signal is inproved to such an extent that it is equival ent
to the spatial resolution in the generation of the increnental signal. The
i magi nga]_g1 tics device is he one hand, for inmaging, onto a

d,
speci fi SRR AR ta%e&s?eh‘ésggﬂéﬁe%?r?he( ?r ack@Pavi iy tHRI$ RS Hent al

graduat igfl dhadettd e @A L hment s | | 4 upk Patetlcav i1 begat s b tdeemenni ng
unit, and, for thjs, ét has at | east one cylindrical |lens, preferably in

the forMo% FTEHAC 7 i FRFT cBRAFBRSON OREAM1PF st SbbFmF PRt prer@ing
Accor di g A oneh f W thes 1 Wevel ReaBRt 1 8f 40ei L eSentnd Ve '&’éb‘scﬂ’@ed

cylindrical |enses, situated one behind the other, may al so be provided to
be situ@RFe Fahed FraRH AP PALeRUHERG 2 kR BRTORCH NS e Wie fedctfar m a

cyli ndricalmd:&l GACORE, 1 $0a 41BN & COET 550008 NGl V- 98 £t 1 4 BOL NG Srga%lﬁ@ﬂy be
achi eved. I n the inmagi ncgmpl ane, slit I's provided onto radiation beans” (afte
(Fresneld dyfferpntcdendidiatd bresntien of Witle bendiihd of rigeei on (by on a

second sGanp s H &r on SO uRNES %r?hofhﬁn{§d§ﬂd&f{ of the individual r

interaction with the at [east one [ens) inpingés an supplies the

radi at i gieflrencadinEa difdetentebefiéntctiomay otk fleer eddt e mfiigrexhce- pul se
det ect or£l.qmEnt I I 0 .the, radiati,on. of differently bent

radi at i gr?eelbeans,tsn\ﬁne%é/{ge%sn\e% i%lg%(%tel%*ibrleéct %Sflt ok?eler}(q e%rscfso%ecg‘f t he
respective slit, inpinges on different |ocations of the at |east one slit,

the at l.east o | it extendin erpendicularly to the neasuring_direction.

Accor di nlg1 tscoheoﬁozﬂﬁlecﬁ%silctje%‘dg?%% L5y CEGF] e qe?ﬂﬁel?ﬁa‘?b?ﬂ he® i magi ng

pl ane | sesficneatoad-atl s diigraticel § rdwt 1hed r &f & ences pat Secslaieck athal enent s

in the heam athagéhe radi ati on bea,irrs Accor di nog to anot her specific
RASST e - ¥

enbodi ment ,* U RC TR S B amentEOT i iSsdmtal [y in the
i magi ng gulaaneyt ism hatkd REE respecid vensdtd1 frddient espegidwve slid are to
be' situated i di at el y above the @hoto el enents (for exanple physically

connect AV Fh&RTE Phd HaNSereift of L i ion( §e s ¥led ransramis f or ned

by mar kisngs tduz tiuie s oramaiy aradiatd One i des)o t et P dperiodical Iy
positioned one after another and are separated from one another by

i nt er nedPEE@ SRS L 3ty B9 Ghsdinte a5kt D i ip sl amderBiodite el hi s

connect k@unds#eN 13 rk@sidd AHaNG A addie; sk Ngs dhatpdheys have,, for

InStancgbd%lated 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 position 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



5 “constant center-to-center distance (defined by the graduation period)
or that they have another uniquely definable distance that repeats
periodically. By contrast, the concept of periodicity should not be
understood in this connection as if the increnental graduation as a whol e,
i ncl udi nguhie shapaeobcthei bmehyi duad ndreddiings, dhad peadiogmeareerpbgt el y
peri odic tter .akon t he neaﬁurin direction. For, such a periodicity is
not able ebgaaﬁé EONWPERTH THRVSTOPE ofUdheé prrds&meti AVelrtisntiler this
reason al ahe, rebatctafitey ather fastédieod v reddran i6f aatkeef @beRcerprBrk at at
| east one efenenc? gogition corresgggding di scontinuity locations in the
i ncr ement &MSgPAd0aC1 BATHAER IBP DSl oVF detf PR Hiotd AFt GG 5P CRaPRIAGs of t he
i ncrenent aliggeaduati ohepsaef Bsadt yoext @itk das Fladiatisonamarks) in a
direction ggrgendigulﬁr to. the neasuring direction, and they are situated
al ong t he “ME&SGPFRGPAI PR T 42 bR hr tIF T tife HEEd Pie StPRASver se
substruct upenestpoef eaably éosnethdy iwdid ati/oeiafsst ke .l ong sides of the
mar ki ngs, especially in a way such that a (periodic) w dth-nodul ati on of
t he mar ki ngs cones about, and indeed particularly preferably on the basis
of a sineThenetiventadbeofiodhé | ateqratoford hef ta arSeekseeswhskr Uatyr €heso as
to obtain.differently. bent radiation beans, be done in a way so that
t he nodul at'on" o E%é 235 the Fongd &g e%ﬁtéyaginffﬁgogsa§gF9ed conpared to

addi ti onakomatckiingsonesaechald Yl dwyed hingimyg dsenmperi od ahearpepeodice

modul atiop, According to. one, exenpl ar odi nent _of e present invention,
exact |y oﬁgsﬁgg Pnﬁeg?ut¥%9i?%¥ %%%té%lgﬂgﬁhﬁﬁq5ﬁx askgetﬁﬁ 598y KBown
substruct firem Whi ¢B/d2V1 3% asakeDmd e fir dristentde sheuehmeneadf sihradt her

mar ki ngs, d,whi for the formtion of a reference mark or for the
generatioﬂggflﬁ@%g %F%ﬁc%&éhgf 1t %ﬂ%ﬁ;%ﬁeqq$emF§#Erence position, defines a
di scontinuity. 6 According to another specific enbodi nent of the present

i nvention (o] o] i.on of. the discaontinuity in the surroundi ngs of
the refer gﬂ%eﬁﬁ%gﬁl{:o{nll,;%sﬁeé\zleornallsn%al(slenqgsonart@eplpﬁmgﬁl \%i%t ATRTEY aRSvar se
subst ruct preiphoohmeesiates dawind et toten sweres ecatthehedchur ehef otibset,

remai ni ng,_ R kKj | hcrenental . graduation e di.stances betwee
adj acent VTB.H?EI %gggﬁ‘g%| 1%fgg;eta}{é(]e‘:!\’/plaa 1ianlg rte%aozr?su\tljcéroéle oEu%E‘Fr ﬁgﬁﬁfgna?F?glisfn
a way thasignaland the sanme di stance between adjacent markings having
devi ating transverse substructures does not appear. In this specific
enbodi nent the nunber of slits in the imagi ng plane preferably corresponds
to the nufbés pfobdeki gssdhlarddgira amdmatancg tiahsveespreabstructure. The
di st ance i ndi v I i 1.8 ro.ned,, in this._context, as a
function gﬁggﬁgfﬁ%gf ﬁ%%hﬁgsggé%i{E%ﬁgéﬁﬁq%%%§Fﬁ8§,dFX%FﬁghFXfBg e

consi der afeahubeherf gebmig rli.c vari abl es of the inmaging optics, such as the
focal length. According to a third specific enbodi nent of the present
invention, the track to be scanned by the scanning unit and having the

i ncrement Afcgratat fomthatas dt Ieastotivedséct positiinneachinhgtihe at | east
two secto i tytr I r I i, de nthis
case, theégFg%%n%%ﬁ%%?figfﬁgigﬁgﬁgﬁ%ﬁgf%gﬁgkgeﬁggghggegégxkﬁoﬁePé defi ned
by the tr&Rdiet o freanorissbdiar the avoEratisecrdr tbe rhRéereack-pateer di ng
to a furtgg?n§pecific enbodi ment 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
measuri s fll GEEAS ONSI N SHEN R . Llo12,,000e 1 GOLRESRARALDY bR B PRI, code
cones about. In this context, a certalin detector elenment i s assignhe

respect i veeferencetPylbirn siares ofs nmpkkavgsl ttleasulthvenarxsgntethgtt tansverse
subst ruct Ug €xq Jhis1 ddy dPre X éaag;yééJT%tﬁ%k”ﬁk'Qﬂeoéehgﬁaﬁggﬁsofon'y
two different "types of transverse substructures are used, rch are

di st ri but e appeopreniial ysianalhe (1 ong sides of the) individual markings,
two detector elenents are required, of which each is assigned

n
such

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

track having the incremental graduation that are each

4



*7 “to one of the two types of transverse substructures. The assigned
detector elenents are fornmed, in this case, preferably by one periodic
arrangenent of active surfaces, which are devel oped to receive the

respective radiation beanms. In all specific embodiments of the present

i nvent i on,iltlhenidiafcieer enthr eher em@eoputlse siedacteyy welienennst, arepraferably
connected to,one %nﬁther in a manner, 1 n order to forma

r ef er ence-PulsE &itgn&PStt RAE Fgffﬁdgecﬁﬁs%%ﬁFmnPqu%ﬁﬂbéﬁel@uFBGtf@F@naIs at

t he |nd|vmdUalEme%eeeneeipuhseCQBtE@h@f @Ae&rfuﬁsdryaammyngr?ﬁe&ence pul se
signal s). Slnce ause of. the transverse bendjng effect of the transverse

subst ruct df O”dﬁﬁg %gnfnﬁléHftFEr PYE-ORILY it Fe§drdens pogritverand
negative GwdemgdahddutbﬂaQEheés(aﬂﬂt@&ﬁedﬂﬂne\MéHlnheg@bdoE@e&hemb pe of

transverse sub ctur r ed at the respective t diffraction
branches ¢one & oérOVl ah? gep?e?%?%%?yln1ﬁle55ﬁng % AR fi ﬁgﬁlhﬁ bptics
system of deeg atiiod desos| bebdiahoferhas ¢yl beiprcad dedeskopkhi socentext, the

di at ] th di ff t b h, .that d d
on-the. di CEETBRoARTBERA A5 Br DGR 6r B3 UrFHGFEne Py BEYer s st r uct ur 65,

are conducted to one of several reference pul se detector el enents provided

for this r e._lLn. the ther diffraction branch, b contras all the
radlatlonggegﬁé iPRgs 8n8? ?ebfo?h%l?e?ﬁ?é;ﬁqﬁﬂ?%ﬂg BeAdngat ﬁ@aﬁﬁiﬁéﬁ to a
uni f or m detléct as ekenedbd mhtchwm5cmSEmbtanyytabmtefat&beadulwaduauion

| evel of %%%i%%g%nlg%gﬂ§i&%Sgg?glégg%%gﬁged d rnglc_iglgrnent does not, in

this contéxt, “absol U RésSitcaPedet ecti on
devi ce. Widtreissedlichyhbnerilegl slaes) |£mpfngesInadr&&pe&ppueedetﬁetor el enent

is devel o C (0 energtes a si. nal t he i ncident
radlatlonQ%géﬁglgahﬁé e?%?r%s%oﬂas (?h§K§Wf|uSl gdlaF|§%]5F he
respectlv@emddﬂgtd@nebeaﬂs bmdép@h&mﬂ1qﬁ tthve ddffeirantdi stri bution, and is

not, for r@%%?@ﬁ@e Buig?c&égghégrtéiéégh i al distribupion 8 J of the

radi ati on beans, as he"case in other diffraction branch. The st eady
radi ati on S|gnal generated by the Iast naned detector el enment is conbi ned

th th t t.h d dual
(el or ence ul Se BPGET DY oL BhORte S0 (o T RatT bAToP Sl o+ e 6F thice. pul cc

si gnal . Abmemnledwhen Eaewgdngnomneadxn&nduamwoﬁeaxﬂeasﬁnh,opatpeculayly _
Cﬁgpgctgfl gggggt% pRUT | N ARK €6, A0 A0 ! 95L18 5 BhESER! chvERtion. Ts
least one sllt 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 of the
radiation beams. According to another specific embodiment, the
reference-pulse detector elements lie eesentially 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 graduation 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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“ Prefierred refinenments of the nmethod are given in the clains dependent
thereon. Other features and advantages of the present invention are
clarified in the foll owi ng description of exenplary enbodi rrents of the
pr esent |nvent|o in I Q}Oof t he fiqures. nge fl res show. ure 1 a

per spect i vV&°iT raetni £EpSEN PdTERBEEy ﬁﬁ“ﬁi i g, tLhea\ﬁ SO e
devel oped zaesr:aocgramhjaimt dirsdy aadrea asioahrirngniguél § ode pirodiolad edigtatice

scanni ng o e and i ing the radiation beams generated during
t he scannlttfll'glzj"’r,{é‘I ue%etSZ Y l&ﬁ‘tﬂ BVt FRE rBF%Vigte%l %?P‘E%% f:{;‘duat ed di sk
havi ng an pencxcs:ltrentta}r sjroamghmmn,beFmgldeeSEboa Sﬁanmimg:qniraécecﬂj‘n the i f

position su deV| e far e in_the c ck of t he ki nd shown
in Fi gurengkgli JI’—Hl Gure 3 arc%ltal 3Fi afi 6n" E???hel??%% Y PfaCto
Fi gure 3b wgcnarrﬂmwgilmlamJ:Mmtgtse h«asii tboﬁomaautom@le‘i@eﬂﬁqﬁﬂbdﬁﬁ in the

case of of_jtd nd _shown.in FEi r a a sec o
vari ation o%ta‘%%re T lth FGare 289 At 3 lﬁB aF%lgan?ﬁl%b PHIBGE lctllrré(
posi tion- neaswi repldeviccdef gheuse withhe chsesobpa ¢f adke gfrddemtki nd shown

in Figure Aa; rﬁj_l%eé%ratl?ﬁ |§:ea%gregﬁokgt| on. gf a 1E)OSl t] onLFrrTeasE%lfl ng

devi ce accor I ng td ure 1, ermati ¢ SIHe VIemr
formation of a reference mark at at least one reference

position, corresponding discontinuity locations in the

incremental graduation have to be provided.

The individual markings of the incremental graduation
preferably extend (as graduation marks) in a direction
perpendicular to the measﬁring 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
about, and indeed particularly preferably on the basis of a

sine function.

The modification of the transverse substructure, so as to
obtain differently bent radiation beems, 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.



“thrdugh 6c different reference-pul se signals which are able to be generated
using the devices in Figures 1 through 5; Figure 7 a circuit configuration

for connecting detector elenments of the position-neasuring gev;ceh Figure 8
a detector, el enent for use during the devel opnent of a trac of the

posi ti on- nAecacsourrraElﬁ’g? &é)viaé‘QtQ?raSEgﬂéf%Fa%IRb‘PI%W?fgt s dAha @586t on

i nfor mat i dmveFitgure Faratchef foereoionf ot hend racke ot fHauwie idarnki gure 9b a

i for._use w a_pasition-neasuring device having a track of
Tho ki nd SHBAPY T ENGuPe She" EPORFE"SD GoF of Lo fA"Se TES/OSFL 6561 gna

which is aMoyﬁd@db@igenaratedsmbthetﬁ@bé&fh&ﬁuﬁérxw%?iQﬁnﬁ%%@gr&@gmgevife
when a tr i igures, 9a _and 9b i sed; 10 , Figure a nodification
of the scg%%?ﬁgaagggégeoﬁugﬁgﬁPg uﬁ%,oébgh%tf%ﬁﬁfﬁﬁig\Mﬁﬁﬂ%“ﬁﬁCPédéé?Fresnel
cylindri C&!’Jndranm.alFiggadaafLisnheﬂnéi@Bétta/ncséwvﬁetafélee%%@@a@éxteﬁgow rren}g of
a position- [ vice which,is used as an angl e nmeasurin evice for
regordingngﬁgﬁg%y%%g ﬁ ns ??Yéépfﬁ% %ﬁﬁﬁ%y?ﬁs?(ﬁ%ﬁﬁQﬁthEFetﬂégéﬁFeéﬂs

r ot at abl e swichh ar @syethatoosachnot ties g&mnﬂdfsﬂéﬂdﬁ}ﬁﬁ@ﬁé&nlgdjIhént g

osi tion- ri Lce includes a scale 1, as well as an assigne
gcanning 3%??H£fgaﬁg§¥“§r%e¥ba %n%o%ﬁ%%ﬁ%ﬁfﬁﬁ1%ﬁ%ﬁ?%ﬁ%&?rﬁé §RESofofhe two
obj ect s t kh@preare Eotahablepeoiézcremmdmﬂmeﬁﬁutnﬁﬂﬁ?MHeﬁgo@lFﬁ@%bpﬂnxth§|0”9
whi ch the ;Qhj a vable relative t ach ot her at is,
rotatablelﬁﬁgfﬁgjg?éégn%§%g§5§?i¥LMEPW?F%P?R4%: “ar-NfeAtEPSEn°fthe case at
hand, namBly kiogst hemahdya sgevied timal 4 yartoreandes scnﬂosmtuattu@a.ll@heScal tlell [ 3
formed as I a L sk de 0 disk- shaped carri er, el ement made
of glass,d%sgﬁﬁaﬁi%%ggg%ﬁaEﬁglﬁn#i?%é%%%égﬂ' a&ﬁn&eﬁﬁrWﬁBﬁgnpﬁPanls
graduat i ogonfiexlie shapefofichian rof eclien diher atidec wafreeent icak éa&gctlon. The

i ncrenent al, g atpop.| of .a plurali of markings 13, that are
Leriodicaﬁﬁ§aéﬁggésggg%%§ g@%?ﬁﬁgﬁﬁﬁgﬁ)%ﬁa°%ﬂ9§ﬁ§rtﬁgoﬁﬁﬁ§ﬁgiﬁ@rﬂ?Pg%Fion X
at an i ncPénéhealmggaduacpoicperswdh ashitdte dicidadr 1knemhi.nt er medi ate area
14, lying in each case between two markings 13, in their optical properties

(e.g. transmssion of light). Markings 13 and internediate areas 14 lying
bet ween t AEAPEAENT hbw ea at it ordyi tpeti inflc dimvensimentabdngha gieeehton y running

radially t o] i i ¢h._extends rpendicularly,to asuring
directionigyéﬁﬁgéhén@g%g%%%ﬂ%gﬁﬁ, é;%dﬁgﬁegghggﬁ SFQBUéP?oHXfBrﬁ% by
mar ki ngs 18vand Fh@eim@mﬁmﬂmtaﬁwgm;dh@tuymnghhetmmemehﬁentws §@éﬂ@ﬂsﬁs a
transmtted bhghtoPhase P AR tilo SediigsThARREALOL S Note; ot shown.
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

7



11 ¥ successive nmarkings 13 and internedi ate areas 14 each have a
different phase-shifting optical effect on radiati on beans that are passing
through. Alternatively to phase splitting, for the formation of an

i ncrenent al, gradyat i (far flected light or transmitted |ight),
so-cal | ed division g?@aﬁtﬁ?i F%ﬁ%s rr%%/ gfas% & Us SFCSSELTHPAGSunit 2, situated
at the other of the two objects that are novable with respect to each ot her

(especi al lpyr gtatahly wi P ach other) has a radiation source in
the formof a Ii g%t so%%gc%? ggér\f}\e Tga%rh% gt gﬁalllny%gﬁsi hagFnhg optics
devi ce 20pr@iferabheg avdooe wharithdiadaatimyer@renidit edthyel sghfasesyce 21,
after internachi gReWLD ed disk 1, is_quided to different
detector el ements 24. 1e§.é§8§é‘<§5}9 ?g£§gg$%§{e§,pe\%ilgﬁ APETa5EERfBEams -
generating scanning signals. Three increnental signal detector elenents, of

Focogni rablan g, So8TLst b embOSLEIE A M SR B BB fef e goner at ed
usi ng t hedifiéesreht apfgrencatpohsofdetectior] 2 lamentaspoaspredetiel v

interacti gangbceek! Lgntgd Lat 1 on b Lin.t formof a _laser beam
generated by a laser di odecrng('ssjé]?élJ'Lg,h{f}1 s%%?ncsg %f)ri.l anpgﬁén%gl SEPGhat® det ect or
el enents $2rm azzeferaycyHerest ghieghdh dHatowrs waybaspsesedl bed Stomct ur ed

detectors r nap i yst em. lwrality of.individual photo
el enents. t\rll\iet ﬁg‘t:ﬁgf a?%élg%i%lh%t;e@?%c%ﬁpnﬁéﬁﬁs?gelr%?ea%ge&%?ee‘fl%?r%?ﬁ%r (anmong
t hem 24. 18loments (peeelahcrefrrende giymsd sigaeisphase-shifted by 120 with
respect to one another are generated in a known nmanner, which in turn are
interconnected to formtwo increnmental output signals phase-shifted by 90
with respeebCeo kaechust hef . tiFort minmtd e yPenddakeefEeom berenon we shal |

conti nual tya8peaKsOf s (psr+0di | ngnement al ;si.gnal . .1 he_case of
addi ti onal ?:Iet ectsér seI emn@%éél', Ctr25 2, %Zg.igg?zﬁ ?ép%a%én%g%%u"fjs%h
det ect or EFERERt 5C AP @S ks vl negathiveh ggdetrisabfr 6i 6f eacei gl sandimgmal s

REFL, REFanapd RS ajapresatle dymahicchaavceter encerpulsg.oi gnal will

be generated in a manner that w be expl ai ne el ow. erence- pul se
det ect or RFeVEIRS 35 the mespecimve @laqs)ef swabtlyf Gevet bpedozen ghet o

el enents.come about, in which, preferably, in each case an imaging

optics system of the kind described above has to be provided.

In this context, the radiation beams running in the one
difﬁraction branch, that are, depending on the direction of
bending, brought on by different transverse 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, iﬁdependent 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, 1is 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
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* The ‘i ncrenental signals and the reference-pul se signals generated by the
posi tion-nmeasuring device are supplied to an evaluation unit (not shown in
Figure 1), for exanple, to a control unit of a numerical machine tool, for
further processing. The function of the position-neasuring device shomn in
Fi gure 1\ﬂﬁruE%r@%&@éﬁﬁédbﬁﬁmﬁreéﬁersdEbér¢aﬁeﬂdwth@IQQh%Hron beam S,
gener at ed iy fradicatonomrsgence 21 in the formof a |laser diode, in the form
of a collimated | aser beam i npi nges upon track 12 havi ng increnental
graduation 13, 14, on scale 1 devel oped as a graduated disk. For the

gener at i orraf stﬂ‘e%dlynG:raellIalﬂtlah 5rgﬂaLSgeh@§a@%tby atieatian -heamsS is split
by drffra at t@e i ncrenmental ,graduation into two partial radiation

i on
beams S+i . %ﬁﬁf9§r1 EFnFeéﬁgﬁPQEBg% i WLER gehe )ERYT mead@lisnd Pairitéati on x

(IongltudLﬂ&ﬂ@remMy—@hl%@rBQ@EQBQ t of t fige f 1 K@t v ANh M Helnfcgt-pdinfskr act i on
order, and, which spread in two drfferent spatial directions. E% the part of

t he scannfﬁ& O, SLRESRGS ngfrEpergﬂF%ﬁr%ﬁPtﬂﬁuﬁ?QSFP@%ﬂfnSerpéﬁééunter in
each casesa gaeanning division 22.1, 22.2 of a first scanning plate 22 in
the formof a scanning grid (divided 1 . 1; (maxinmum phase angle deviation
180). From scanning divisions 22.1, 22.2 of first scanning plate 22, the
two parti & meadtioalt |fom beaﬂylﬁgloaﬂda Sds 2t Pord gt I heile nldy @'afrft'i%@ubgﬂly SO

t hat they cane &ﬁge in the ? e of a second scanning plate in the form
of a scanfi*id% BRFbtéogcﬁﬁﬁ Hﬁlﬂgv?%Y%ﬁP:2§QPﬁﬂﬁnﬂ &éd tie, PEESERaxi nun)
phase anglievéeviiahi, ons12A}radberezed hey resperddngdd gt cdiafifr agt,i on orders
are superinposed on one another as well as respectively a zero'th 13 one
having a second diffraction order superinposed on it. The three parti al

radi at i on Prede® reesuktingménos dhi shargetnsd ded JiReh GRe tdet eghdnsel enent
each 24.1,, 24. ﬁﬁ& hi d detector elenent in Figure 1 is covered) in the form
of a photgegFQ ﬁé ﬁﬂase positions of the |nterfer|ng first
diffraction orders as well as the interfering zero'th and second

diffracti rd rs.are, in.this context ch of fset b | 20., Thus are

creat ed, &% % rgg%che§Oag%a%%f?ﬁf?ﬁﬁ§ Of ﬁ%ﬁafﬁ%ﬂeQFr& VRBELGR BF°scal e 1
in the focﬁamﬁfaegraduahedfdlB&wlm¢Wdﬁscm1puﬂdm pifasxeabilbtred by 120 with

respect t n her ich are electronicall Qn ct d uch a

that a sr%eggﬁéﬁa as me%gea%r%ﬁ%%&rrﬁa%ﬂﬁﬁﬁﬂ’ |é gﬁﬁg n8% FL8n§EHP§eSFor
further d&hai fsgonesushow: position-nmeasuring device we refer the reader to
WD 03/021185 Al, to which full reference is made herein. Besides the
periodic increnental signals explained above, the position-neasuring device
shown in Figure 1 may aIsOpémspeﬁxhﬁdnlKﬂﬂhﬁﬁaﬂl@@ afr af erence- pul se si gnal
along track 12, by a reference osrtron for di,scontinuity. Wth the
aid of this, -reference-pil 3e- 67 yi%ie it 6E§F§eregéyéﬁgeanﬁ§a & produced
during the measurenent, di@var\lmmdsd aastﬂ)s;emmmtteldn(drlerkeahal aheaaduhengnt nmay
then referred. For this o] uch rnatron of. _increnental graduation
13, 14 is provided, in of d“’D %r Zhnogtr aaleecgC ST SFERREPHuPSe |gﬁ8?98y at

| east one discontinurty awdrummﬁqnﬂngtuheﬂraﬁuataah peaper tgnatraatdl east one
+-reference position. % a5% increnental graduation 13, 14,

as may be seen in Frgure R connec i'on v 't h Figure 2a, is nmade up of
mar ki ngs 13 and internediate area 14 situated between themthat are
situated gt hind, t el perd.odi II havi n ncrement raduati on
peri od TP?EIgiuipﬁ éﬁe rréel"gtéﬁ?n%f rderg C!lé:% C%Qldae %tgsﬁeafﬁﬁeaﬁgaggf differ
from markings 13 i nhav¥ing an 1ncremental graduatlon,

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;



certain optical properties. Markings 13 and internediate areas 14 |ying
between themare fornmed simlar to a kind of graduation |ines,

| ongi tudinally extending along a (radial) direction y running perpendicul ar
to measuring dkgs tion x. In the case_at hand, froma track 12 having such

an i ncr ementBLSgradGaticaR"139 Raaker of ef ook Pl R e asH tEEJoBEXREd whi ch,
even at great tol erancessw th tRsPEstet Of agdderh oyt et ikand Rhbhe radi al
direction, may be r&Liany,assigned to a certain (the correct) signal
period [of the] incréfifar3signal. For this, the reference-pul se signal
has to be picked off on scale 1' devel oped as graduation di sk, at the sanme
pl ace as the increnental signal, wthout the strength aof increnmental signal
TPI NC bei rig-$Hfd é@n@e&efﬁﬁauVﬁféa¥&B9 ?%et?%r%%ﬁﬁb%”£g1@W§er@Férence-puIse
signal. This, may be achi eved by the generation of a reference-pul se signal
usi ng peri dicalu nmodul_at ed naikgngs and internedi ate areas 13, .14, as

i |1 ust r at €099 Fi*gufeS “PAARI2BL 288 cBF dF Y1 BP S i ARSI ek ARG CE3 and

al so internmedi ate arfeasu%é4 éachhbavesa sf nusoraiat of dibe naiddl ahioen having a
peri od TPTRANS, 1, Ehe mﬁd%h_nndulation of markings 13 and of internedi ate
areas 14 brings abodt-9fh&t "8 part of the radiation (in the formof I|ight)
of the first and mnus first diffraction order in the |ongitudinal
directionIy of rkings 13, and internedi ate, are 14 is ("transversely")
bent, 1 . 6. 5 Serdi cul ar 3t BACRE FSRGT TTATHal i ect 5T L ACBRG RRTCh 0

radi ati on S for obtaini ngettheei accenegital tsiDialrd < ,sdn 2 wehettaitwo
partial radiation beans S+é and S 1. The angle through which the light is
diffracted in the transv&r§& drreetion depends, in this context, on the
period | ength TPT~NS,1 of the width nodulation. In the sinplest specific
enbodinen%&%%%gg %g Figure 2a, one long side of a marking 13" and

accordi ngl'y“one™l ong side of a directly adjacent internedi ate space 14' are
nodul at ed usihngughdéei at dndfpeenodré tagdicdRud, NS, sizynallsn whiiich ease, the

| ongi t udi nal diffractionakﬂagg ig thgnfirggdtdgﬂ§vq&%§d£@icegiEpraction
order corresponds essentra Fy Po the i T raction'd mage "Oof "a ‘gap whose wi dth
2 * ampa is twice as gred@figaseshed anpdbudghude; anod of the wi dth nodul ation of
maki ngs 13 and internediate areas 14. In this case, a continuumis involved
of diffraction orders, that is, a beam spread out correspondingly into a
spect rum FRilgiugle i7s suppl eedioouftrstnEigumma gl fatre R2intectankr éshektor
cylindrical |ense 22.3. t t 1 nuum f or m t.he heam that is
spread out into a spectr%ggﬁgggaig rgﬁ iéé#%ﬁleﬂwyﬁf pé%ﬁﬁp§§éac8h it again
in the plane of second scanning plate 23. The two scanning plates 22 and 23
may be prqui , ol N this_c o] r or_ rear. Si of one and the
sane subs?ﬁgggg EEpendina §%£§§%?ﬁe€l%ﬂ§n%e§%%fl %réﬁ%%?%rggg out into a
spectrum and then reconbfiagdlasnagt FpEsmet ragh iafdrbbeal | ens 22. 3 were bent
by interaction wth marKkj 13.0r i i ale.ar avi a wdth
nodul ati on of the usual Egrg?géngﬁI@%%Pii@g#&{)%?rﬁ%}aicéd%n\éﬁg%ﬁ t he one
mar ki ng 13' or the one iheeinegdebselateapasit vyiing crmgeniicat:i ng peri od
TPT~, NS,z of the width nodul ation in the transverse direction, the
correspondi ng beanms ST1 and STZ i npi nge on second scanning plate 2~ at a
first hei ghigure ge & secondmartghf hke ByadkeightFigurend a2 one under st ands,
in this context, the distance fromoriginal radiation beamS in the form of
a | aser beam perpendicular to its spreading direction. Consequently, the
scanni ng [FigeageoPbsachcaanknagslaBe ahar i wsernedi &t eeriddontneasirdngar e

wi dt h- nodul at ed at (S U i od S £ | r 4 hst hei ght
hl and the i nage of Hgﬁégésgéﬁgﬁég% F%gggh?fchtrllég Iﬁ?ﬁjgsﬂ%ogglnq%y%tlﬁg%evi ating
period TPT~, NS, 2 afaa long side of a marking 13' or the corresponding
internediate area 14' is created at a height h2, deviating fromthe forner,

on second scannin% plate 23. In this context, for clarity's sake, in Figure
1, betweerfigure 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;
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'16 " scale 1 devel oped as a graduated disk and first scanning plate 22, the
splitting up of the original radiation beam S generated by |ight source 21
in the formof a laser diode, into two radiation beams ST1, ST2, depending
on whet herpidhe-d ust Searned -sikgpal o@e&hgdsggn}lﬂ?g' 4 & ?@f'?i%"’}:%‘éatz;b?”
shows a discontinuity, is not shown. For this we'refer to'theschemati'c
side view in Figure 3 Wi énrdsRbwswhhehcborsedes Fesyect ioys iratdiiatailon beans
ST1, ST2 between scalgksand the respective detector elenment 25.1, 25.2. O
course, in the actual operation of the position-neasuring device, in each
case only one of the two bent radiation beans ST1l, ST2 is present,
dependi ng miyuhetineicHB tG UL 8Dt LY oRcanRed sectd Ap Hlpd g ddicrgment al
graduati on Eas,a disconthuFtypqr ﬁot: Iniffﬁﬁreﬁyl anén%}rgbfﬁn%adiation
beans ST1PSH; e EREWT nggeeHerei nhoflets tosemias tate dnarict imsm sofr inge
posi ti on- MRAs rm;zd%lc%@d@ﬁ%%et]gfeow ﬁ\@@i&‘i@sﬁl.t?.' RN ST cl ear,

e r

especially with respect to the different bending o adi ation beans

ST1, ST2. Z9tad@dnd oScaMRi REIpraseroBahakl¢ twhdh 2respantovicded chwoitileri s
situated QbSACANG%GaAYNLRGsPhEt eTR3 hBs SHES, B, &ad Lesat
such a length that ontg it fhere inpi%gg bothq? e Bﬁgﬁg IfE%h%P%gﬁg%Sat
first hei ghtt¥ileardd PRevBéanBsSST2 RAPLAGERGS RANBETDAN eiZghvhhgh &séngot hi s

slit 22.3pd henmadicali 9n Eﬁchréﬁ§e\!e]{:§ebb{e?&ffﬁ?§t% id?;r%l&%. 2Ry that a

first detector Elenent 25.1 in the formof a photo elenent is only reached

by beans SPLANRHILEN tGoBSRKOEBSEN Thecrazs i atdikadtdon it @Aentor m of a
graduat ed waliigh haw fﬁgorf@bgé89§ 43e aRgvhpier rediate aleas d ogfhetthtHélﬂal )
first transverse period TPTaArrs, i. whereas the additional detector

el ement 2552 irﬁtﬁﬁébflsr ffoFP8 PRBESNE| eAEt i BUMIAR resdied Loy MABSEerheans
STz whi ch igo thackake aB hBh&! aghhy Webbat Nsh ANG, MBRKING 1131197 thheyis

assi gned |%ternedLate area 14', on whose one |ong side a deviating
transver s€pé&Pir841?PTL8: 2z of the width nodul ation i s provided. Expressed in
ot her words, first detector elenment 25.1 is always illum nated by beans ST1
when t he Ecale s.in_a 17 position in which the marking 13' and the

assi gned PRfeFnedi-gt EOAPRY A% 2 haRARR t9e Hek Mdey UPr AdsRefd6 kpenppad
TPxRaNS, zaatréenoblehbufi DatgidatoONgld HNg wdde wn3egond cdgkgchor sl ement
25.2, by contrast, is,always, illum nated when exactly this one marking 13
and t he agé?ﬁﬁéadiHFEFﬂ%d?%t%n%ﬁ%ﬁFGP@lrﬁﬁﬁqﬂfQ%Q&eﬂmaFPﬁgSP?&ﬁs@ér§e peri od
TPT~, NS, 2catelkl bunthat edré@hf&hent D0 & 9)cidBY. BwehiRkkbngarAect i on of
the two deteéto%,elenents 25.1 and 25.2, a characteristic _signal pattern
shown in EFgEPBTESD 18 BRYerdR &F by RIVSiity &f tHe kiegér d3cetpssi aren
XREF. nexpetaodhiablyheispngesisee deimikinge: b3 naxkands, twai grhabas;:hhe
devi ati ng trangverse %eriod,TPT~,NS z Inasnmuch as the first scanning plate

22 and t h8 &&E5RA" sBafni 7y HHAA TR & SRANA G BSF iCRe #RAAN SidéAnd t he

back si defobmohetandetihetsadbe$Uubst raf ndrade Lfcrglass beenekat eweondi tions
for achieyin igﬁg Egnditi ns, descrj bed above at detector elenents 25.1,
orrul a

25.2 may be- ed et hetat TREH 5 & RAT RS U6 Gw. EFRESFSEELOPeRdt h of
the systeinigstii nBaskongs 11 suehirecewyedinate idreagornuespondspbewkbe i nage

of aslit_in.th cannin ange of. scale 1 devel oped as a . graduyated di sk
onto slitt§§m2e§?ﬁs§%%%d§s =0 Fﬂﬁﬁﬂ é§¥ﬁ§n3¥Q9 %@f?ﬁlalg}%eCtlon 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

l'I'x:anslatoz:"s Nota: Not shown.
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“f amd In this context, wand b are the average di stances which beans ST1
and STZ, which are bent transversely by diffraction, traverse fromscale 1
devel oped 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 SCSF??lE%.QaBEl%%%O%% %Q%uﬁﬂ?ﬁfWﬂQﬁﬁ§e2§Feﬁﬁréﬁe?%?g BAYRER D nay
be cal cul diédeasnt obhawss sif 1 Him Adieopraived lengife caf car irghinat ieadbaihen beam S
developedtgxtlaser radiati %%%g dl fron1§cale 1 devel oped as a

n fron1qgst
gr aduat ed |ska5%dp???%?gs§hﬁﬁH9ﬁf 1 95 LVEd YwéP) PRESENEPLTSEER%e bet ween
first scafinicnghpl Ademd8ion,of 2¢h aivdtrsecont lseanniuvag iphat éo23r2fledted d, a
= +_ TPrE , =1 $$$i aJ.Qﬁ+-1p2ﬁ? ~z2n,.~ z_nTP~. ,s, ~ 1
nTPTiesNS??gﬁﬁ 3 s%g BETHWEET a9t e 1hgi &anﬁvﬁﬁéapnafsﬁﬁPéi%ﬂ%ﬁnts to
-b/a. In orgerlf$orbéhesgmnerated signals to be as free as possible of
periodic interference signal having the signal period (half the beam
splitting period) of the increnental signal, the width of slit 23.2 on
second scénanngnglat et 23, | sitfprefet ail tiselctiead ods thel towsobBstts sndsig *
b/ a, are movable with respect to each other (especially rotatable
with respect to each other) has a radiation source in the form
of a light source 21, as well as additionally an imaging
optics device 20, with the aid of which radiation S emitted by
light source 21, after interaction with track 12 of graduated
disk 1, is guided to different detector elements 24.1, 24.2,
25.1, 25.2, 25.3, which are used for generating scanning

signals.

Three incremental signal detector elements, 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 elemenﬁs{

With the aid of three incremental-signal detector elements
{among theh 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
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“wher'e Prig gives the signal period mentioned. According to a refinement of
t he exenpl ary enbodi nent of a position-neasuring device described above in
the light of Figures 1, 2a, 2b, 5 and 6a, several markings 13"~ of an

i ncr enent ti 3 e Vi at | transverse period
TPT~,S,Z,Q%%%%%$§§%f§§Fé gg%éﬁg§¥egﬁﬁﬁgﬁﬁ% ?i&fﬁéﬁgﬁ%ﬁ 'haﬁhﬁiécharkings
13". The indygd adn redeged cscanisrgspbaa ks 2BEFheREFor amd pRENS aae second

hei ght h2 di Is a - er. sliit, .whi rees wi.th
e number o The 1560 Srdss Ravrase s i o o 15 s are TS br8a 1572, ns)
2. In thisireent@nne ratthiitr 9t Lhebghexhl 2 indédsee posi t ikmfse Zhicangldser' s Not e:
a, in the gquati I i 5cnot fhne 9 j 1 i uring
direction X V\hiﬂcoﬁn%el%glleﬁl\e’an?fsl'ghi ggf %H g%'%e%roeng{{eeﬂlég%at hz?iteg’(r%&ogieggg\%ersa.
The di st ades T edegpnst.ween the | ong sides of markings 13" having a
deviating transverse period TPT~,s, z are selected in such a way that

bet ween adj acent |ong sides having a deviating transverse period TPT~NS, 2
there are Th¢ dacyegeséadi siepans dndt biveescfomaniapulsst séneadnd the sane
di stance c@cé%feﬂa%d%@urthtanpasmsh%sa{,@?mfrheﬁ%@%&% %'u%glgegiat As;a_md' ng
to Figure 3b, on the second scanning plate there i1s a plurality of sfits
23.2, whi @Vadgrddeonniupitt HBchuabernoin| brgust dos dfordeviaarileg tramsver se
peri od TPTNS, % t-hi o] ; i bet pacent slits 23.2
on second-Egggerfﬁ)ilngﬂﬁftan %BH%Igé?ég%gﬁ%g%%{ﬁe -Bl/'a-f:‘/(%ﬁguogh%%e

corr espondiffyediSsti@nces bet ween adj acent | ong sides having a deviating
transverse period TPT~,NS,z. If scale 1, developed as a graduated disk, is
| ocated, with respect to the position of scanning unit 2, within the signal
period i n The dnchéorePér EReerss ghhpnimeaneing avisrl ssiowns ip3F2gutesecond
scanni ng fl ati€ 128eak@pilkk HEkNat ed-ak c bei gt hz pang, the light transnitted
through slit 23.2 falls onto assigned detector elenent 25.2. The other
detector elenent 25.1 is not illumnated. In all other signal periods, at
second heirghtadiatabnMBEEmOBE §bhéraSed b pMBNAL or -sSurlRl ¥1SUghepadi ation
falls on correspondi ng detector elenent 25.2 as that which before

i nt er act ed &M Pragklidewi Bhode: | Basthonromf i e lidvietgddéessri hgan
transver sempPhgasNSpo&. tWhkke13 Nea ¢ SRR 1H AWk fagdi-At 'g‘%@_db@ﬁ'i@ﬂeﬁii(?nl%be ot her
detector element 25.1. Thereby, there is an increase.in the size of the
useful si §RaPCByealf 48VBEOpPed, as & n@FadatRf tHes kufoer tde gRaerahgosi des
havi ng dewirathegihe2BsyREse PLEhLs TPl fetNd 418 tNIDELR! sShkt §p23¢2 on
second sc%nnlng plate 23. For values of j greater than or equal to 3, the
ref er encePYurdé TERGRAPICAR B¢ | FnpEeTIN G HpIgragtaddioad intookEgcoparhiéalong

si des of maukbRgsnlBeambayNgadaviea! iR@tt FaBSYRLSELPET L RUrTRIre NS, Zini s
dirty. A signal,gattern that cones about for j - 3 is shown in 20 Fi gure
6b. Fi gur BS25UShBAsIARSEREAPI Br {- RBBHFERL i 4 FOCE B PRe tPoFRAL i ONn

of track ¥2rkroamwi fihubodutat edi Flrddtidsh L3R 3dndingln Beskdasikhe
generation o ference-gulse signal also permts the formation of a

fr , i ,
so-calledtHSHFﬁgngaﬁﬁl? EplthatireftErnSwide filtfy Po &t RE 568 EF8RNMBESUr i ng
device, oneimmytgel eab pageliBi PadPiedsf inety of.atiopad  diresthoa fox a
ref erence rug. Accordlng to that,, scale 1 forned by a graduated disk
i ncl udes §6CPe58f°t A0SSBREHRE FaViFHORidaraked orfe Off Lo 1&N6t KEAPPANEhe
ci rcunf er entical 2di Lacthenfomhi 6h gi ddoininy the d r@IsMekse 1peripgd TPT~,s, 1
or TPT~aN§ 2. of ﬁhehr resge ta¥e mar ki ngs. and internedi ate areas | 3a, 14a
or 13b, 14B2%FRE™{ rBR&FEr ?ie $TT3tUH 1l at FERMOPCABRKPAGLIIBSI AN 13b

as wel | agzi.nteepedi afefareassddon gl gy of2 i feher enlo paetkees la and Ib is
det ect ed bg different detector elenments 25.1 or 25,2 %conpare,Figures 1 and
5). At th&>FrahdPPi BRaBet ReeAEhe-t RS Ss80PsPPRtaRY FHILFRSEEPYnatOpattern

construct edaicnthbe togdt tofefih@tir £n 66hd oidRAtAd d fsc@RRJCERABGE St O each
other, in u%h- ul |, node, thg two detector elenents 25.1 and 25.2 that are
developedpgg 6thotg?e Hpsof @ scanning grid onto a scanning division

23.1 (divided 1 : 1; (maximum) phase angle deviation 120°%).

There, the respective first diffraction orders are

superimposed on one another as well as respectively a zero'th
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“ According to Figure 4b, in the present exenplary enbodi nent, second
scanning plate 23 includes a slit 23.2 which conforns to corresponding slit
23.2 in the exenplary enbodi nent explained with the aid of Figure 2. As in
the case of the preceding exenplary enbodi nents, the circuit nentioned is
devel opeedng nh@akPd chste G S (et fr afdyl Orh Qe Ke SHRBL HBPREEDrOR| Ferkl$ 25. |
and 25. 2. g go dgy el pPped- 4% AhodP b%a%{ger}fe%uq@;d;ngowsﬁt €61 § 0z PACTH Ot i N
push-puIF node. To the two detector elements 25.1, 25.2, a

cur r ent - EROR OPRQ QRS ERFINVRT teenEgit] el las 24n2apli Fi efe BR-E WO Br e

post - conpechedy YWNOSE; QM PUt; SigRAlrdigener %h@deEﬁanaét%%té ef erence- pul se
signal s F1, REFZ of "the two detector_ elenments 25.1, 225.2) is supplied to

a conpar 8l ereBd. aBhe dpipEs RO SidFiaren &&- firsénSPGASFIREFSIT®h t he ot her

hand, a gopstaBtidd ordd@htasignal FEkBe tiRaLrirsrgggeratedebyardn additional
detector elenent 25.3 in the formo.f a constant-|

, ' _ , ght hot o eneq;
(havi ng 8ACeE pet IEFFEIOREPSIC B RS glepdrédCB) 8% pos éﬁ%ﬁﬁgﬁﬁ%ﬁ y
current -§9ovolfage HANVEItRedI8wItandeapeaiPto fé@inZthgd, udix SYpplyi @d to
conparator 30. This is used to regul ate the height of the trigger point of

. ! gu
conpar at 681801 VeV ARt @R RE1533 ] He ertdattPsR 8Ff oASRANREFE gftS%si gnal REFS

usi ng copgtast z{§9ht s dst el o9 et ey 2208, with NBYspecsean deoom Figures 1
through 5 that radiation beans ST1, ST2 expl ai ned above, which |qﬂﬁﬂge
0

respect i #BPyheat Which AT ARt IANIGR ld Vs EOFRECREAGhE A9Ch oh ¢

scanni ngzpkate 235hM the ved o of RIsinkastigane ski bp2adidedangomhi ch are
subsequent |y guided to the one or the other of the two assigned detector

el ement stP5S1, 25.2 because of the symetrical construction of the system
appear on both sides of partial radiation beans St1 and S 1, which are used
for generating the increpental signal. \Wjereas on the one sjde, as
describegoébSVEFh?éd?%E?bHSHEhﬁ%“%Tf-éﬁﬁl§?2an§PSBFF§9ng?%l??dﬁ?narkings
havi ng dibkerephet FOASYErsse weerd DA IRE- NS, td andcHPTuNS, r@femsecgui ded to
different detector elenents 25.1 and 25.2, on the other side, the

corr espohdi R§9Fallf58+Bn beans are supplied, using a Fresnel cylindrical

|l ens 22.4 of first scanning plate 22 and at | east one post-connected slit
23.3 of second scanning. plate to a single detector elenent 25.3 in the form
of a con8B&aneehi bht H%$%§gkﬁ %ﬂ?ﬁﬁﬁﬂqt%i1s H&QistSXBEﬁépﬁ e2RQyqy the

const ant pbight of-g8a% u RERP. dd i @ hefowDrids Fignreng fbyt BesdWoe ciesd ed

di ffraction branches, two detector elenments 23.11, 25t2 aLelgr vi ded, which
are assi GREJIEBCFABLYY {3 FRIRT IR S SPONRIdE L TRY- a8 1l andP P~ | s, 2
in the otbeerdhtérgesiotohradnaied by cortirsashtiausthgl @iphatae sbd est or

el ement 25.3 is Erovided which is used Egr %Enera%ing a constgnt-light
signal REP&S| RefRESROPAROISS TOHA LA I3RFR U6V EFE5F SR6RsTaht T ntensi ty,

whi ch, aggerdcag Horfh@utiee medsuramdlithedd whdenpar atibsedGemtt h conposite
ref erence-pul se %ignal REFS<%§neratqﬂE%¥ th first-naned detector elenents
25.1, 25igcrspentaf BeRPRT LS MR FWATEY the desired

reference-pul se signal REF is generated, as is shown, for exanple, in

Figure 6¢, for.the case of a graduatigon of ale 1 that,i y a
graduate%oaigEanPBrE?S?Ea§¥C€m% %ﬁﬁ%ﬁ%?qe§¥ﬂlﬁprﬁpﬁn?ﬁltﬁfégéggg?Qthe
conposi t e 3r,eflar escprpul ded si phabrREFIJ igndettwean reffereakbaepulbbéch, for
transverse peripd TPT=s , are. 1o be expected_ in_the one_sector |a, and

f or tran§&8£§é B@r?Bdl?ﬁﬁéa??%,dﬁsqpeﬁﬁpqﬁi4M¥%§?p§€P§8CFnt?h%Rother sect or
| b, thenocpaipalapebpddtenat sald Teds e s@ondi-ng feefercenpespuliise. si gnal REF,
whi ch signals that the position of scale 1 relative to scanning unit 2 is
in the signal period characterized by the transition fromthe one sector la
to the ottherthseeter hb. hikde, itopemeéntals qQusiidtlient d3i,nddease mhg bagni t ude
of the useful signal. correspondi ng exenplary. e di nent__i o] in

Fi gur es §§e5ndn9g}gFﬁefEi§nc%%t%§??l|n Y#ﬁgﬂéa §Fii%ﬁ gggbgﬁabgpmégn t he
two sect aaskiagsl b3okndcahee imdevat opereasl & sggrtacusde hedivelen twemnar ki ngs
13" are provided, i.C ach have. a, | ' Isng; st i .tragsverse
per i od TRTEENATE ARAUACFongRei deHaY T P R ATy, BRvihETa]
TPT~NS, 2 i ferkhennal kiyngdud 8aon 136r had i TRyyéli frf exttentmeasarswgr sé rpetiods
TPT~NS, i and TPT-, NS, 'z, as_well o- bo J of, ~a.pmarking 13",
whi ch hag’a 28 fBFERTCHF AR VRT S35 p ?i%ﬁﬂﬁﬁlB?%&Pq§%3q$%f~23215ﬁ each | ong
side, there is assigned in the one diffraction branch in each case the
other of the two detector elenents 25.31%and 25.2. In order that the
correspondi ng conposite reference-pul se signal REFS, whose curve is shown
in Figure 10, shall not exceed the threshold outside the



“transition region between the two sectors 1a, |b which applies to
transverse period TPT~s,| of the one sector |la, or shall not undershoot the
t hreshol d which applies to transverse period TPT~, NS, z of the other sector
| b, the scgnn' n?npl ate has windows 23.4 and 23.5 situated next to the

|

correspondFig et P O5TD RIRRSF trShrs Mo eres| LAurpRetnEarmediaie areas
(originati hg tyonytietiederaodn anrevadimddistiianalk B8rki ROsq Stich as three

| ong si des i hgs, 13a, 13b of tra 12). 23, The size of w ndows

23. 4, 23.5‘?%%%%%@1?%1 rllodb%’itﬁ a\aﬁiﬁtyher}%?ﬁ&f‘gtﬁl%’é%harb%ﬁ‘j@c%]i)ve slit
23.2, as adipectiom ofrwighed perdadiiShlelr themknehemkyt & rak@diatd on, may
be seen from Figures 9a and 9b. Thus, in the transition region, formng the

ref erence-pul se signal, between the two sectors la, Ib, on the one side the
transversely théfcast exk |hgiht, dfraat o easickt W0 hangngi siesh ofn mar ki ngs havi ng

the first period TPT, ~, NS, 1 _inpi.nges on first detector elenent
25.1, whil %ﬁ%@%ﬁ%@a& h(grra1 e Yhe dr &r%s?ef?éfegeaF?fP‘é ted ¥ ightPof at | east
two | ong stbesiméd maridmgsevmaviaty drisatseotrdahtassvetserdesd @ TP e

i npi nges o o]yle! ct qr,_ el enent .2..The curve of the signal resulting
fromthis Q?E%grrposji eelﬁle%ek}eenrca(rgﬁt}l ?é“r?f:ﬁﬁﬁp’ RERS Pg E%ﬂjﬁphg FHHEedo.
Devi ati ng fo omn ¢det aixenfilteer ycoameadi)neigsashpenibef b€, thd] i SndpaseddLa to

i mge the i ngs. havi.ng different transverse periods TPT~, NS, 1 and
TPTONS, |3 MO BT & Co i it g SoPACE B3 SBuE LR B G e Epicdire
especi al | yo&f son tdu @ drieldve wipieeh adeyeatiobt ebeM@NE R, 25t khP BB ace

| ocated. | sta{es Gase ietnti 3‘ advanéageoLﬁJ tE EOSi tion a second Fresnel
cylindrical” |'ens 23,461 SecontdEcanii BOB atBe 28t rengh of gincenedd@l one
slit 23.2 $oynahd Riid fredctg dmfafuehkedt (ABEVEESELY BENEhd | THmAGGR FMg to

Fi gure 11. J?gﬁetg& Fr es_nellﬁéyl i,ndri.cal |enses 22.3, 23.4 then forma

cylindri ca% escgﬁlec,e bS] \ﬁﬁig@ﬁla | arge i maging scale may be achieved in

the imagi ng onto the plane of detector elenents 25.1, 25.2. The function of

the at |east. it 2, ich,.in the exenplary enbodi ments descri bed

bef or e, Waaléhls‘r)r@% cr?ecaas%:élﬁrvggin%’ dt8R 9ﬁ8e§§€bﬁ %éa‘?mﬁ%ﬁﬂ“ﬁee‘%,sq s then

assumed bysimndleastingneesiiicdidialégt hydabaved des eeimgs elremette rddl.ate5. 2.

In a corr i Y, L heﬁgertuge function_ nay eaassumed by g suitably
€

b
Sape Tof FESSHctivEISUFFack 3 t48en ASSHAENIHY 1t he

structured sensor.” Thé shap
shape of timglirvdsivedt maekdhiots 23 and3alsorinespeediae didas23.42 darnt he

exenpl ary odj ri bef gre,. Thereby. position-neasuring devices
havi ng a smal -%t %g@%ﬁqggﬁs%’?ﬁgﬂ on Hgﬁtb%ni%%e'ﬁ%rﬁ éifrlé{gﬁp\ﬂﬂt“h the use
of conpar dthieveligittoawsaldéetiont of mbarkihgses3 dmd tdf Siroasenddictea dhearm pat h

for obtainipn n iLght _signal ru symmetrical)]y to the system
descri bedrlbfle ‘or?'g%%i %B{%Eittsltgggmapg?ﬁ? ?%o?ﬁ?\/\%aﬂ%tslr%’} it(r)ﬂ?r ir]f(%lnyloénses
22. 4, 23.5igditngodi that €d reneabdhmhdus héioshedi £ frwbtinrd hirsidream pateh t here

o anched SIS0 OSBLIUETL 22,y PIAg 8 bl ISR S
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.; and S.;. The angle through which the light is
diffracted in the transverse direction depends, in this

context, on the period Iength TPrrans, 1 ©f 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 TPraas, 2. In this case, the

longitudinal diffraction image in the first transverse
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“Furt'hernore, on the basis of the previously described devel opnent of

mar ki ngs 13 and internedi ate areas 14 of an increnental graduation, it is
possi ble to construct a position-neasuring device having absol ute position
i nfornati gﬂtl%y:a%%iig% di Uer ent trans§er se perjods TPT~s, 1 and TPTSJ, NS, z.
For this, J'n €GNt ornanéaSfo s PREPEBER, S 55 Ohg-d he/ neadhis v tdireesiran x,
certain | dmgo=i dds aofgapawhbsga}vliatle prﬁv&rg@diswi ﬁvhic&% alse@&{e;Qn%ﬁd%MieaLi ng
transvers I TPT~, NS, ereas the. remaini Qng si des have the
usual tra%s erlgglgﬁerai‘“ﬁ‘do%P;rb?,‘Néfitﬁ.m%‘él??ﬂa‘?jésogg“at%”ﬂ% tL3whireh are
produci bl énperiedidéei atkng triansyetises peddod A RbntiSuuk 1@ e nvdaged, using
the tel es%%p%i(it@g:g%%i gescri bed {:urther abaqve, that is based on two Fresnel

cylinder Ienses arranged one behtMatthe of R PR4fED &4 path, on an ASIC,
as shown icorEegered8nglgngnsd desspécimuki ngsi dravii g udpa iee onusuak t
transvers I =s, bra i ed on first, active surfages 25.4 of the
ASI C, \/\her%é:%glhtlﬂg %gﬁaés?%eégh%\??%%s?%g AR R e%?e%peri od

TPT~, NS, z Taegebyagbd cantinodul b ediv@yclon daum atiaty e ss whiraees 03s. $neb t he
ASI C. The fi o] ive surfaces 25.4,, 25.5 of the ASIC are
connect ed t gbégégmt ﬁ%g nggt%‘;s%?]p%?lor Tt RGeS OOnd tadPRVE i0rf aces
25. 4, 25.5harpelenehofradecond soathirsg quinttext23.0f 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 25 scal e of
the tel es€bpetupt canused phatdhe? Zigmhl2 perayodbe Hromitbe, ouhpuhisi gnal s of
t he push- ~connect I surfac ajrs,. the respective absol ute

posi tion EPBESgF’e %ﬁwgg?laf%éé%gc Ptrf)easrgasﬁln S umne fnlds%g&érafnﬁi ned by using
a table. Agkstdihg-to another variant, the markings formng the increnental
track may al so be provided with three or nore different transverse periods.
Thereby an absol ute code may be distributed to two tracks. This nakes

possi bl e PReeedEnggonf wiekpar dthe dlaansond inesas wpiregdpatihs iasowel | as t he

gener ati oR,Qf+ LRRT £AS dH%QSQ for d.nproved reliability. Ln_ the

exenpl ary_enbod; ment s e‘i’g” e g%lc?vag,ustlrr%% ?r]féars an?lBPlﬁgﬁahi OR"Ps in
each caseldedevopedoent oy riamsmadtadr iwjlth geatiatison3obraipbasgegiaténg.
Alternatiyglys pamplid r.atd ructures. may also_be used within the
scope of the pr esent %e%t@odrﬁ}gﬁnﬁq{%é s%%rleo\ﬁa?/,hei ¥5P5Ep8§§?85e9{>@”51

i mpl ementira Yeilvedindggracghrnsystbnthasteadnafkang r ahsmot teeke | dght Ssystem
The transygfsensybstd uct f incr |, graduation_is formed _in all
the cases described by t%gelelvaodthﬁhﬁ& u%aﬁ%grﬁggf'n%ﬂf)ﬁirﬁag ?5“&% 3 AteFREdi at e
areas 14.Wigtedeedwkatelon Hesd heaver aats vielrsier diiorgtsbdestheperi odi ¢,

si ne- shapegh- cO HH1 Lpundary 4l o thei ctiv ongi tudi nal diyrection
y. The peri_%diéc}ist _lor??t he conthuérw%o@uTﬁdgéﬁsglz&%oéée‘g%%)%rps Yo the'S eDslpag_‘c%i ve
t ransver s pit i st THETINS 9t dndoTPF-salSpnd . h@bghiusk .08t hesehttr apszedse
subst ructiyy ehe RESI483ahAS, ! QROLLYDI pgh bepdi pg. of; splidd fodhe

radi ati onh%e.ams, usgd fgr gener atlﬁng t etlgﬁg'r e@rr}g%t% gés)%rl@énéal é's]lg?rﬁ (%rhleqmal
nmeasur i ngF Ik vPsan thdre thies§ocomed abdaserhbetmapsypesdibehai ngo
required {fog %@eegﬁr}fg i Qfyref erence-pul se signal REF. In this context,
t he speci al advantage of a sine-shaped contour boundary is that the
intensity of the incremental signal is not so greatly inpaired by the
gener at i arorfedintIef eranceRUh3If Shgnal. oFheykpa this,h§ the low
field 26 st g oh t h%{)f the first Sﬁd i rsluglflg}l[s:ﬁ ﬁ%géi{%& Eg’u 2Bt act i on
order at %WWI@HQ%@W% Ré /t WaAshiepse yiathngodutatedras. thheusxaknsi on
of the sigwisiifalp t ours houndari £ 40 Jreasud NG sdiieqt i Xy - e
modul ation_anpl i t&ggg'o,? tahe respective sine fung%ilg!r?,t g‘ét %E% tr:]ké% ?%%‘59

di stri butdorFiFrfofsanrgm ol inke whilght lsnbsasobresnfby the deviazeugsub- bears
of rays ofediney referencesiTel k SEANI0 ANd HhS WiRer aABntal gl.gnal  scanni ng.
Thi s di strlbutloncg_ropqrtl“bn ratio nmay be set by the selection of the

nmodul at i GPPFEIRAGN HetsirRedianet psfa 14' is created at a height hy,

deviating from the former, on second scanning plate 23.

In this context, for clarity's sake, in Figure 1, between
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“ Apar't from sinusoidally designed contour boundaries, other periodic,
transverse substructures may be used in which the |ong sides of the
mar ki ngs (cont our boundaries) are shaped triangular, for exanple.
Furthernore, the nodul ati on anplitude of the contour boundaries and | ong
si des of tRélRatkPRYELEBEFd2De? seFadialed glisk 98d 4igett Raenabpaceinte

mar ki ngs i2'2,tEﬁeméiﬂttﬂggd&ﬁE%fi@rﬁb?brtﬂﬂ%d 3¢ 13t¢6ASEeghati ng havi ng
rhombic structures results. 1n addi.tion,” a transverse substructure of the
i ndi vi duaBSREFRERGsPYpatFREUTAFSR vt hi ddisedoriio ofepy l3RBEt dhodRl at i on

periods, AmyobewborABUat Dok NBdakdesTR kTS qeple@BInkhen! QREEL LM
directiony (transverse to the measurin irection xg are fornmed of a
pl ural i tyJ8ftgPsanatronlaad kiprsied rah oRErafeataanetrperahi ongsheies

| ongi t udi Babi@'bbﬁﬁ_ﬁ.hgﬂt?’; 18 Ade £asen Ofrdy ansi Likedekkbght odiyk sion,
periodic %ah%ernatln Ight-transmtting and light-non-transmtting
gr aduat i oRCREPRFAGSSHEEI B eHet f DI TO/E ohe “AHGPhePCWEoEPBXERPERS 9F

| ongi t udi rakpdieeoti 08dYa©foh Nee 4R pEt | \or RkivREs. sEREEEDYand OPne ONE
coul d achi eve the attengted nodul ation effect transverse to the measuring
direction*XSP3FLIVE GREECTRT R LETRAL 152+ 1. 2R-Bosi ti on- measuring device for

generating neasuring signals, having - a track (12), which has an

increnentﬁl raduation (13, 14) that has a specified graduation period
(TPINC) afd EHHFSEXtéﬂd ne| Pngial MRRRAGTIRY Bifr EE6i BRASERION-Teagur BaGt one
di sconti ngetycef theehdreadntedl @radatdOnhelIwoldkndt radi 8t e6£NELaPHOSI i on
(XREF) for,_gen gtlng a reference signal (REF) and - a scanning unit (2),
movabl e réthigi t 55t RESTFRtk (ERANETBhP™ e ShBRSUEPRGCHFFRBEI BN (X), for
Fcanning hgenhadrSGEﬂi@ﬁdgfaﬂuflim&ﬁﬁﬁ?htal4b59%péaﬁbath@? heans (5), the at
east one discoptinujt eing forne a_nodi fication of a transverse
Subst  uct B BCOBREBRHF AU MO pehipa i thisar Flfindr  PBUEhEafLaGHT Heams
directionsfx), so? &he shewenmidedhays aduatridenr ¢33makd) thwhighcbesnssor

radiationt eans %ﬁ%_o[iginatqud%%qn1the scgnning unht éZg; t he bendi ng
di recti on-devParf hgP AT HE A EE SRR AF FremehEChERBi REETF*ection in
ot her reginnsnoiohheoirécsbrent adsgaEdAll enthlespdrt and:hded SEBSHEAY uNi t
(2) having at .| eas ne referepce-pul se det or element (25.1, 25.2; 25.4,
25.5) mhi%ﬁn?én%r%éig%% 5 W%ékﬁRﬁQﬁ;aﬁﬁ?sog%ﬁheSFédiation beans (ST1,
. ST2) having a different bending direction, wherein upstream of the

25.5 t | east one

reference-pul se detector, ele t (2p.1, .25.2; 25.4,

i magi ng oBgi3§c%§§t%%??ekﬂgié?%%%léﬁ(ﬁj%lﬁttﬁg'éeéﬁ1Bﬁ?ﬁl gt NN petti ve
bent radi attoatéeasnm (SHdonSTs)annihg PlatpoBt LANsGEASHr Ay, devd ce as
recited igxgégég1£here at such a length that onto it there impinge both
the beams Sr; impinging at first height h; and the beams S
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 fdrm of a photo element is
only reached by beams Sr;, 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
TPTWW& 1, whereas the additional detector element 25.2 in the
form of a photo element is only reached by those beams Sr;
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 ©f 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
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'28 " wherein the imaging optics system (20) is used for inmaging the areas
of the track (12), irradiated in each case with the aid of the scanning
unit (2), onto a predefined inmaging plane. 3. The position-nmeasuring device
as recited in Claim1, wherein the imaging optics system (20) for inmaging
the areasP8PTFRR™t FACKD42) “he raf ke T &ath t08s @St ERethe ai d of the
scanni ng tnkerf@yianel ades at'leasinPreneHavidniiegl tkensvetkseppsticdl ar in
the form a Fresnel cylindrical lens_(22.3, 23.4). 4. The
posi ti on- 3@&%Fn§r§e99§el§§upé8FF8§ ih e ‘el PRES REGPAGOT
optical sydtamm{20}).2ncbudesnatasteasis talvap)d iinduimdaktbdnseensetaat e@d one
behind the other in_the be path of the .bent, radi atiqn_peans I1l, ST2).

o he pothErofretahPind ho P2l He ity B the g RR TR A T4  ne
i mgi ng phaméngt al dasiavhegstrin{Pr D pes iOTIPdQds, 0N artel dA Lbheénraddat i on
of two raQ%%tion Peanss£§§', STZ) of different bending direction inpinges,

and whi ch upBPFeso?ﬁe radi ation fromradi ati on beans (ST1, STZ) having a

different bending direction to different reference-pul se detector el enents
(25.1, 25.2; 25,4 .5)._6,.. The i.tiqn-neasuring device _as,tecited in
Gaim s BRePlrn PSS et ooB  CE L o Hak e SAPaetbn Beame (& |
STZ) inpi Bfed,oa dhéfecearisoratsonslofpatiersl,i sheR8. 2 Bigurdheéa, is

posi tion- i V] ecited i aim6, wherein the differently
ont  raqi SE1ohcp88 87 (efgo8EE 6 LBk AN R b e e TR Cig)

al ong thewbitenshenldngesidenof ydatindiel ¥l iextE2ds2) whB8chThes the

posi tion-gERSULL NG OEY) 6Fe ASe TSEHSH 4, aimS. 29 |

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.

-+

Q |~
Q=

l_
/
In this context, a and b are the average distances which beams
St and Srz, which 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 di
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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“wher'ein the at least one slit (23.2) extends in a direction (y)
perpendi cul ar to the nmeasuring direction (x) . 9. The position-neasuring
device as recited in Caim2, wherein the inaging plane lies in the beam
path of thezragdaideshdeaddn(SH p13ka 2f.2a distance fromthe at |east one
reference-pul se detector el enen (25 1, 28 2; 25.4, 25.5). 10. The
position-mnmeasuring device as recited in Cla|n12 mhereln the at | east one
reference-pul se detector eIEnent 925 1, 25 2; 25.4, 25.5) essentially lies
in the imging plane. 1lla= as recited in Caim

1, ,wherein at |east two refefe ce-pul 5 dét ct EIeWEnts (25.1, 25.2;
a%}a%+enjbeans I(: ) having a dlfferent

25.4, 25.5) are provided for
bendi ng direction; and the r dieevspyl se det dﬂh&m@Uenents (25.1, 25.2;

25.4, 25.5) are preferably S|tuated in one plane. 12." The
p05|t|on measuring devige as ds recifed in dim1, wherein the increnental
graduation (13, 14) is forw periodec pmr ng (I3)\>i tuated one behind
:}
1

t he ot her, between which in 1 _cdse inter te Are (14) are provided.
13. The position-mnmeasuring VIQ&U%&Mﬁ citedyin gtp|n1 , Wherein exactly
one marking (13') has a transverse sub$tructldre whi ¢ devi ates fromt he
transverse substructure of the other markings (13), and which defines the
discontinuity at the reference position (x~F) . 14. The position-neasuring
device as reciled fd116ha Bnbd. cWRenehYikaiNg1SYRLGYRY’ DO%:1 97 h08 L Lgast

one reference 30
-b/a.

In order for the generated signals to be as free as possible
of periodic interferenée 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 preferably
selected as follows:

Bs1it = Psig * b/al
where Psiq gives the signal peribd mentioned.

According to a refinement 6f 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
transverse 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

TPreans, 2. IN this context, at first height h;, those positions

2 .
Translator’s Note: A in the aquations below is not defined.
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posi‘tion (XREF) defined by the discontinuity, a plurality (j) of markings
(13") is provided with a transverse substructure which deviates fromthe
transverse substructure of the remaining markings, and which defines the

di sconti nuj at, the reference position,(XREF). 15. The posi.tion-measuring
devi ce as arrteéc/i alel RO ﬁnlﬁ?a\fﬁ&lggngf’%%%? K (%tha{s)e“ﬁ‘tmi east two

sectors (lwmillbiniretdid fagr ericohdahsyghsehsulasidr wdkcer eeakat he i ncr enment al
graduation (13a, 14a; 13b, 14b) being provided in each sector (la,, |b).
16. The position-neasuring device as recited in Claim1l, wherein two

di ffracti dherdindtreses @ ffolSiretbetwemnt hise r hoh @t s iote hedmn(@Sk iewist tLéd by t he

scanni ng i1 $s (2) .he .t ransvers bstruc ext endi ng rpendi.cul arly
to the neg{sgu‘}rllrtr?zg adi%\r/ee‘;cl{%:%&hg( )%r,angﬁgr?gd S f%%ultr)%é‘ﬁ‘é' ¢SThS %#%‘pﬁeh t*hare
i ncl uded isudhe oy dilfaftr dettivernbrdneheandl entsime s hatimgnavelesdating

substruct j S djed o one qQf the refere - pul se det ectar el enents
(25.1, 25. ri; rgsg%e%%ez . l;O%aEETEtAF‘Fe Zr%élleé{%i Sﬁgbg%ngg??]cgﬁs ed‘gjjl‘énfeﬁ'ueentot her
di ffracti oh Sranuss beierg isgppheédone and atok t§omald ideteesteordoelsement (25.3)

di 1 ract boieag done_andatit ts amalc sement (25.
16, “whor i Tho Bnd SR P Oeat 0t 8t of ST Erbn {04 9 15 Leed Lo genorate

a constant light level. 18. The position-nmeasuring device as recited in
detector dlomnied 28, e P E e i (o R SR o e CREFS
of the one addindldnal ofesdéter 28l @menbi¢R5a@)ses orittthe hgemamdeironfof a
o eI SR e (LS, TR DO AIERER g doeyns, T ociLeo
| context, the distances between adjacent slits 23.2 on second

scanning plate 23 correspond to the -b/a-fold of the

corresponding distances between adjacent long sides having a

deviating transverse period TPreans, 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 h,, 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 aﬁ least one long side

having deviating a transverse TPrpays, 2, 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 TPrpans, 2 @and the number of

slits 23.2 on second scanning plate 23. For values of j

greater than or equal to 3, the reference-pulse signal can

still be reliably detected if one of the long sides of

markings 13", haviné deviating transverse period TPrrans, 2, is

dirty. A signal pattern that comes about for j = 3 is shown in
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conparator (30). 20. The position-neasuring device as recited in daim 16,
wherein an imagi ng optics system (20) is provided in the beam path of both
diffraction branches. 21. A nethod for position-nmeasuring using a track

whi ch has an increnmental graduation, extending along a neasuring direction,
having a pr&Y&fi R8d graduation period, and which is provided at at |east
one reference position with a discontinuity for generating a reference
signal, the discontipuity being formed by the nodification of a transverse

subst ruct §r@YSF fReSEPYEKPhGKSBREBAYSCPRYPETRA e Ul dh 6 SPREtnEastiPeng

di recti on formatibehod) tthekt tackrbs nONEE-Rd Ok e rdin@elyisonsafl 13p,
neasurenenb.rﬁga§ive to a scanning unit and s scanned by the |latter, b)
radi ati on*be& PPYFREL FRG PPBRTEhECR cRhnt HigS 1T G & e it 9B5 Lt RESO

di scont i nietryhite) thberbendt DgndbEegt s&ncal 1ddendhiSePRtiighdilt Y sboeakit on
devi at es fron1the,begging direction, at other regions of the track, and d)

the scanni®f§SdnfWiRS8188 PBakhe oReSH bt 7 MRS Hutnd dFtlEer 0P8l BA¥Nt , usi ng
whi ch one seflelcltear adicakiiAn peansrinédarsidf 5ot dHendnendirbecki on is
received, erein the bent radiation beanms (ST1, STZ) are deflected with
the ai d of SARTFREGI AY opfFESTSYRE eh? (203 het A i Imfidtgiesy Popén t he
respecti veraeheredcaipul spclietiest of sbeseniwd 2sdhordb.12;, 2. 4it35t8). 22.
The nethod as recited %g Clain%Zl, wherein the eqf radi.ati on begns (ST1,
STZ) are 88FI§E?85 gpother in he circumferentia irection, whic

differ in the transverse period TPrpans, 1 Of TPrrays, 2 of their
respective markings and intermediate areas.lBa, 14a or 13b,
l4b. The transversely diffracted radiation of markings 13a and
13b as well as intermediate areas l4a and 14b of different
sectors la and lb 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 1lb, the signal pattern
constructed in the light of Figure 6c 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 in 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 to a comparator 30 as composite

reference-pulse signal REFg. On the other hand, a constant
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“by diffraction. 23. The method as recited in Caim 21, wherein the
transverse substructure generating the bent radiation beans (ST1l, ST2) is
imaged with the aid of the imaging optics system (20) onto a plane. 24. The
nmet hod as C|ted in Caim?2l, using at |east two reference-pul se detector
el enent s (éﬁg Dgral Fi b, Egag)lsmﬁ%@%ﬁ%F%@wpih%Wr%ﬁﬁ%qi@n@ﬂaﬁ@ﬁé§téﬁe

formed frosdhent arb a iion deamoh) ogMat EBHsBYnthei gRantha uWtdndd) by the
transverse, substructure extendin %grpendlcularly to the measuring

direction (53VI1héT &1 orf H5@4s REETL, 28T A S (AP iByclfuded in the one
diffracti qsbmmmcb@drrbmtt-m@-wba@ager §6nsubss £ ULH uz eaﬂik?'aﬂ'g suppl i ed

to one of the r ul se de ector el enent s 2; , 25.5);
bnd the r A S e 1 S GHGH Rt e BORBREAFtEr Mt i ol b Aridnd 47

suppl i ed irequlaid are Mgt @ aheaddiybenabodert e6f ofomperedr (£b. 3) . 25.
The method as recited in Caim21, wherein the output signals (REFl1, REFZ)
of the reference-pul se detector elenents (25.1, 25.3) are conbined with the
out put si gniath (n%{:@)ctoftot ¢ corendebedbar o€l esrataf 251 ht fOrgide mm,ﬁr ation
a5 S S Sl ATl gl ) bl
.AL.A.AA.Af#&m H&gﬁresAﬂQtﬁrpu@H 5 that radiation beams Sp, Sp; explained

Zino%oN}| Oﬁ%}}gﬁ% a]%g%cg%cg% g%%#g ¥a¥cg]ca%fggg gflnghﬁakcagca]ca]c
a] ca] ca] ca]cal ta
H k! 0" 1" ES@6 IR )nEiNht, ¢Q7 dﬂZb@&Bﬁd4§cannlng plate 23 in the region of

LR e b

n.

6B! CCD5DDDBHEE wnnhﬂ&ﬁkm@kmab&akba]cabcaksﬁ@na@c@ém&dm&ﬂ(ﬁﬂémﬂmﬁacajca]ca
Ly cn] ool o1 TGt FORERARL CEL CLRRERRRTTYT2 LyBRRESRToion of the

_ zupkfa\ quema] ealrealrc ahc apta] sabiea] o&] pal thd tatad] oia] o] mednen] L2 nd

U c”a] ca] C_Sa-ll?aqlgféﬁaifea]ucsaécfzaéocra]gcea eq:% Cl%lg %Rgcincremental signal.
Whereas on the one side, as described above, radiation beams
Sr1 and Sp» that originate from markings having different
transverse periods TPrrans, 1 and TPrrans, 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 REFg. In other‘words, 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 TPraans, 1 and TPrpans, 2; 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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ccneneee7f 0glgagi gi j j ykzk+mm'p* gagdgeqr:r@rr Bt} xsni d_Z] c] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca] cal Bttt uuHvVWWRzXzYz{ | z{ vpke ZUni d_Z] ca] c”a] ca] c*a] caV]ca] ca V] c"aV]ca
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HPd" ( >?39: FEAMWTHE Bfis@ cZpédpea) ahedlra] £ag céqwl]etﬁh]n%]eof@]nca]-palsa] calcalc

a] ca] ca] caji aqalpﬂaqa]l%agle%%ryk@éa%%ahgakﬁ :? \Qniiﬂ
c<BKLODbh( 5 xsnl d_Z] ca]] caj ca] ca] ca] ca] ca caj ca cal ca cg] ca]ncaf'gafca] cal ca
] ca] ca] ca]&a] ccdPEarésEcffcd] sapeHpEaPrapEad KbatyAgl formed by

j azupkf a\ \§ 19%1@@@]&@& eakealeabcalcabhsal epd cal cal salal oa) cakeal galgal ca ca
] cal] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal

& 453m zA 4& rﬂﬁ’H‘PﬂF]l}L-éaféégréé]:éaPéhT%aﬂfﬁ]@a]%&]scé}@&] kejwedmal] ca] ¢
a] ca] ca] caliealwealeal calieal cabsakeahsakbealc fsfdd:aﬂ%]ﬂ }AJ *eo%%D{b yor mhb] X] ] ]
ca] calU] ca] ca] ca] ca].ca] ca] ca] ca] ca] ca&ca ] cay] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] cﬁ’@fj“&ﬂdn&]”céf‘éapﬂe@gﬂe%l a¢)ang1hog & angwgrse period

1090& () - 109 A0
3209808 ¢ () - f{s\ﬂ%sl-l‘(’/zl&%) S BEas h RS 2658k 75T 1hved

310%008 ( FOPGFAG.PF0 S OZrMLKkE RRVGRE £ FSRIBB1DH 10T B R Lep- signal

"10%b&f()f&ﬁ‘l@%h&h(bignals that the position of scale 1 relative to
#10%& () - F&10%6 & oM K-K'"!110%0& ()- '10%0% () - @

" 10908 () SCPEIBRY( ;niéty 16) Lagr100@koP§ Aowiw (fiaracterized by the

| _UK"! 10%0%ah)s1 Q00 @L0R<t A0Y68e (ke ¥¥ot 10908 (dnd B tHAOZ ko 10%0& ()-(C'1
0%t& () -V

H KIf G UK" 1 10908 (LS10% & () - SPLO%R! () - @P10%K! () - @~10%08’ () -

" 10908 () HE-EQY#E0() 1tk iw' ESYRABRe xahC ALRYR & %@&a@ﬁt%@@ éeoc he

100<" 10908 )'ué 10%08" () - @3" 10%0&’ () - L3" 109%6& () -’ R(2).1*N+, .., dE / 10b
10b<’ 10()/@&2'5%5)‘f FE16984&" (§- CPIBIBROTSINT " AERR ()Y ymeptsis shown
910%& () in, #02444449a and 9b. In this context, in the transition

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 TPrgaxs, 1

and a long side having the second transverse period TPrgays, 2-

To the markings 13a, 13b having different transverse periods
TPrrans, 1 @nd TPrrans, 2, as well as to both long sides of a
marking 13", which has a different transverse period TPraaxs, 1
and TPrrans, 2 on each long side, there is assigned in the one
diffraction branch in each case the other of the th detector
elements 25.1 and 25.2. In order thaf the corresponding
composite reference-pulse signal REFs, whose curve is shown in
Figure 10,.shall not exceed the threshold outside the
transition region between the two sectors la, lb which applies
to transverse period TPrrans, 1 ©f the one sector la, or shall
not undershoot the threshold which applies to transverse
period TPrrans, 2 ©of the other sector 1b, 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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respect to each respective slit 23.2, as a function of signal

period SP of the incremental graduation, may be seen from

Figures %a and 9b.

Thus, in the transition region, forming the reference-pulse
signal, between the two sectors la, 1lb, on the one side the
transversely diffracted light of at least two long sides of
markings having the first transverse period TPrmays, 1 impinges
on first detector element 25.1, while on the other side the
transversely diffracted light of at least two long sides of
markings having the second transverse period TPreans, 2 impinges
on second detector element 25.2. The curve of the signal
resulting from this of composite reference-pulse signal REFg is

shown in Figure 10.

Deviating from the exemplary embodiments shown before, it is
possible to image the markings having different transverse
periods TPrrans, 1 and TPrrays, 2 NOot 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 cylindrical 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 sensor. The shape of its active

surface is then similar to the shape of the respective slit
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described before. Thereby pos1tion measuring devices having a

small type of construction may be implemented, even with the

use of comparatively coarse detector structures.

In this case too, a beam path for obtaining a constant light
signal runs symmetrically to the system described before, in
this beam path, too, two Fresnel cylindrical lenses 22.4, 23.5
being situated one behind the other, and to this beam path
there is assigned its own photo element 25.3, onto which both

diffraction branches of the corresponding beam path impingé.

Furthermore, on the basis of the previously described
development of markings 13 and intermediate areas 14 of an
incremental graduation, it is possible to construct a
position-measuring device having absolute position information
by using different transverse periods TPrpays, 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 TPrpans, 2, Whereas the
remaining leong sides have the usual transverse period TPrgays, 1-
The images of the slit which are producible by the deviating
transverse period TPrmays, 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 TPrmays, 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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respect to scanning unit 2 is ascertained by using a table.

According to another variant, the markings forming the
incremental track may also be provided with three or more
different transverse periods. Thereby an absolute code may be
distributed to two tracks. This makes possible the coding of
comparatively long measuring paths as well as the generation

of increased redundahcy for improved reliability.

In the exemplary embodiments described above, the incremental
graduation is in each case developed as a transmitted light
graduation or a phase grating. Alternatively, amplitude
gratings or structures may also be used within 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 1l4. In each case, these
have at their long sides a periodic, sine-shaped contour
boundary along their respective longitudinal direction y. The
periodicity of the contour boundaries corresponds to the
respective transverse periods TPTNWS,; énd TPﬂmN&'Z. Because of
these transverse substructures, besides the longitﬁdinal
bending or_splitting of the radiation beams used for
generating the incremental signals in the measuring direction
x, there also comes about the transverse bending 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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respective sine function, determines the distribution
proportion of the light intensities for the utilized sub-beams
of rays of the reference-mark scanning and the
incremental-signal scanning. This distribution proportion
ratio may be set by the selection of the modulation period of

the sine function.

Apart from sinusoidally designed contour boundaries, other
periodic, transverse substructures may be used in which the
long sides of the markings (contour boundaries) are shaped
triangular, for example. 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 vy.
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 y of the respective
markings. Thereby, too, one could achieve the attempted

modulation effect transverse to the measuring direction Xx.
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51gnals, having

- a track (12), which has an incremental graduation
(13, 14) that has a specified graduation period
(TPne) and that extends along a measuring direction

(x),

- at least one discontinuity of the incremental
graduation (13, 14) at a reference position (Xggr)

for generating a reference signal (REF) and

- a scanning unit (2), movable relative to the track
(12) along the measuring direction (x), for scanning
the incremental graduation (13, 14) by radiation

beams (S),

the at least one discontinuity being formed by a
modification of a transverse substructure, extending in a
perpendicular manner to the measuring direction (x), of
the incremental graduation (13, 14), which bends

| radiation beams (S) originating from the scanning unit
(2); the bending direction deviating at the discontinuity
from the bending direction in other regions of the
incremental graduation (13, 14){ and the scanning unit
(2) having at least one ;eference—pulse detector element
(25.1, 25.2; 25.4, 25.5) which is provided for receiving
one of the radiation beams (Sr;, Srz) having a different
bending direction,
wherein upstream of the reference-pulse detector element
(25.1, 25.2; 25.4, 25.5) at least one imaging optics
system (20) is situated in the beam path of the

respective bent radiation beam (Sr;, Sr2).

2. The position-measuring device as recited in Claim 1,
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case with the aid of the scanning unit (2), onto a

predefined imaging plane.

3. The position-measuring device as recited in Claim 1,
wherein the imaging optics system (20) for imaging the
areas of the track (12) irradiated in each case with the
aid of the scanning unit (2) includes at least one
cylindrical lens, in particular in the form of a Fresnel
cylindrical lens (22.3, 23.4). |

4, The position-measuring device as recited in Claim 3,
wherein the imaging optical system (20) includes at least
two cylindrical lenses situated one behind the other in

the beam path of the bent radiation beams (Sg1, Sta) .

5. The position-measuring device as recited in Claim 2,
wherein in the imaging plane at least one slit (23.2) is
provided on which the radiation of two radiation beams
(St1, Sr2) of different bending direction impinges, and
which supplies the radiation from radiation beams (Sri,
S72) having a different bending direction to different
reference-pulse detector elements (25.1, 25.2; 25.4,
25.5).

6. The position-measuring device aé recited in Claim 5,
wherein the radiation of differently bent radiation beams
(St1, Sr2) impinges on different locations of the slit
(23.2) .

7. The position-measuring device as recited in Claim 6,
wherein the differently bent radiation beams (Sri, St2)
impinge upon different places (h;, h;) along the extension
direction (y) of the slit (23.2).

8. The position-measuring device as recited in Claim 5,
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9. The position-measuring device as recited in Claim 2,
wherein the imaging plane lies in the beam path of the
radiation beams (S, Sr2) at a distance from the at least
one reference-pulse detector element (25.1, 25.2; 25.4,
25.5).

10. The position-measuring device as recited in Claim 2,
wherein the at least one reference-pulse detector element
(25.1, 25.2; 25.4, 25.5) essentially lies in the imaging

plane.

11. The position-measuring device as recited in Claim 1,
wherein at least two reference-pulse detector elements
(25.1, 25.2; 25.4, 25.5) are provided for radiation beams
(St1, Sr2) having a different bending direction; and the
reference-pulse detector elements (25.1, 25.2; 25.4,

25.5) are preferably situated in one plane.

12. The position-measuring device as recited in Claim 1,
wherein the incremental graduation (13, 14) is formed by
periodic markings (13) situated one behind the other,
between which in each case intermediate areas (14) are

provided.

13. The position-measuring device as recited in Claim 12,
wherein exactly one marking (13') has a transverse
substructure which deviates from the transverse
substructure of the other markings (13), and which

defines the discontinuity at the reference position

(Xger) -

14. The position-measuring device as recited in Claim 12,

wherein in the surroundings of the at least one reference
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substructure of the remaining markings, and which defines

the discontinuity at the reference position (Xggr) .

15. The position-measuring device as recited in Claim 12,
wherein the track (12) has at least two sectors
(la, 1b), a different transverse substructure of the
incremental graduation (13a, l4a; 13b, 14b) being

provided in each sector (1a,'1b).

16. The position-measuring device as recited in Claim 1,
wherein two diffraction branches are formed from the
radiation beam (8) emitted by the scanning unit (2) by
the transverse substructure extending perpendicularly to
the measuring direction (x), the radiation beams (Sti, Sr2)
‘that are included in the one diffraction branch and bent
by the transverse substructure being supplied to one of
the reference-pulse detector elements (25.1, 25.2; 25.4,
25.5); and the radiation beams included in the other
diffraction branch being supplied to an additional

detector element (25.3) in a uniform manner.

17. The position-measuring device as recited in Claim 16,
wherein the one additional detector element (25.3) is

used to generate a constant ligHtIlevel.

18. The position-measuring device as recited in Claim 16,
wherein the output signals (REF;, REF,) of the
reference-pulse detector elements (25.1, 25.3) are
combined with the output signal (REF;) of the one
additional detector element (25.3), for the generation of

a reference-pulse signal (REF).

19. The position-measuring device as recited in Claim 18,

wherein the combination is implemented with the aid of a
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wherein an imaging optics system (20) is provided in the

beam path of both diffraction branches.

21. A method for position-measuring using a track which has
an incremental graduation, extending along a measuring
direction, having a predefined graduation period, and
which is provided at at least one referenée position with
a discontinuity for generating a reference signal, the
discontinutity being formed by the modification of a
transverse substructure of the track that extends

perpendicular to the measuring direction, in which

a) the track is moved along the direction of
measurement relative to a scanning unit and is

scanned by the latter,

b) radiation beams originating from the scanning unit

are bent by the discontinuity,

c) the bending direction at the discontinuity location
deviates from the bending direction at other regions

of the track, and

d) the scanning unit has at least one reference-pulse
detector element, using which one of the radiation

beams of a different bending direction is received,

wherein the bent radiation beams (Sp;, Sr2) are deflected
with the aid of an imaging optics system (20) before
impinging upon the respective reference-pulse detector
element (25.1, 25.2; 25.4, 25.5).

22. The method as recited'in Claim 21,

wherein the bent radiation beams (Sg;, Sp2) are deflected
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23.

24.

25.

by diffraction.

The method as recited in Claim 21,
wherein the transverse substructure generating the bent
radiation beams (Sri;, St2) is imaged with the aid of the

imaging optics system (20) onto a plane.

The method as recited in Claim 21,

using at least two reference-pulse detector elements
(25.1, 25.2; 25.4, 25.5),

wherein two diffraction branches are formed from the
radiation 'beam (S) emitted by the scanning unit (2) by
the transverse substructure extending perpendicularly to
the measuring direction (x), the radiation beams (Sgi, St2)
that are included in the one diffraction branch and bent

by the transverse substructure being supplied to one of

the reference-pulse detector elements (25.1, 25.2; 25.4,

25.5); and the radiation beams included in the other
diffraction branch being supplied in a uniform manner to

an additional detector element (25.3).

The method as recited in Claim 21,

wherein the output signals (REF;, REF;) of the
reference-pulse detector elements (25.1, 25.3) are
combined with the output signal (REF3;) of the one detector
element (25.3), for the generation of a reference-pulse
signal (REF).
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