WD 98/ 23989 -1 - . PCT/ EP97/ 06460 Met hod for
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: Zeiss company applies a puls1ng' laser beam which is

directed onto the focus. If the object plane is located
in the Z-direction upstream or downstream of the focal
plane, the laser luminous point blinks left or right of

20 the optical axis of the microscope. Whereas the first
method is electronically complicated and affected by
functional errors, the second method requires a
substantial optical outlay.

It is therefore the object of the invention to

25 fiﬁd a new method for measuring distances which is easy
to evaluate in optical terms and permits reliable
measurement of distances.

The method is implemented according to the
invention by means of the features of Claim 1, while

30 the device is designed in accordance with the features
of Patent Claim 5.

An important idea 1is for two essentially
parallel beams (as a rule, but not exclusively, these
are laser beams) to be directed in the parallel beam

35 path of a microscope onto the objective or through the
' objective. Even if the focal length of the objective is
not known, it can be measured exactly by virtue of the
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specific, st ance bet ween [ um nous points in t he Obj ect pl ane
indi cates a ferurEesPorRding uMstnrgam oBEBEESyeOYi tnl‘f"ﬁ']%‘? efgncEheo lager

obj ect plane. peam path, images of such markings are obtained, with
the result that a negative or positive distance from
the focal plane can be detected as well.

20 Variants of this and further specific designs
are described in the dependent c¢laims. Thus, for
example, instead of the geometric coding it is possible
to provide temporal coding in which, for example, one
laser beam lights up on one occasion and then the other

25 1lights up with a time shift. It is not imperative
according to the invention for the two laser beams
actually to be present in parallel upstream of the
parallel beam path of the objective. Any desired
angular deviations from parallelism are conceivable, if

30 the objective or the microscope is calibrated after
installation of the elements producing laser light, 'and
‘the calibration is taken into account in the
calculation. In the case of such a design variant, a
specific, defined distance between luminous points in

35 the object plane indicates a focused state of the
objective with reference to the object plane.

The accuracy of the measurement of distance
according to the invention is influenced by the angle %
which the two beams form with one another.
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system can thus be calibrated.

Of course, the optical frequency of the laser
beams can be in the visible and also in the invisible
region if appropriate detecting means are prov.ided.

20 Thus, for example, in the infrared region it 1is
possible to use CCDs as detection means.

The invention is represented in more detail by
way of example with the aid of the drawing, in which:
Figure 1 shows a main objective in a symbolically

25 represented microscope with a laser beam
arrangement according to the invention, which
is represented in stylized fashion;

Figure 2 shows a variant thereof; _
Figure 3 shows a symbolic evaluation circuit;

30 Figure 4 shoWs the laser beam path downstream of the
main objective;

Figure 5 shows a variant with integrated measurement
of distance and magnification,
and

35 Figure 6 shows a representation with a non-vertical
image-object plane.

Despite the representation of the invention
with the aid of a microscope, it is not 1limited to
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15 12a, 12b are stops 9a and 9b which code the laser
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35

component beams 2a and 2b optically. Upon traversing
the main objective 18, the parallel laser component
beams 2a and 2b are angled away in the direction of the
focal point 5, located in the focal plane A, of the
main objective 18. If an object 6 is located outside
the focal plane A, the laser component beams 2a and 2b
produce two luminous markings 20a and 20b on the object
6. The distance 13 between the two luminous markings
20a and 20b is a measure of the distance Z between the
principal plane 7 of the main objective 18 and the
object 6 or the difference f (focal length) minus Z.

Figure 2 shows a variant for time-coded
component beam paths 2a and 2b which are produced by
virtue of the fact that the laser beam is deflected by
two deflecting mirrors 17a and 17b, which are aligned
with one another, in the direction of further
deflecting mirrors 12¢ which are not aligned with one
another, but are arranged upstream of the main
objective 18. In this case, the deflecting mirror 17a
is semitransparent. Located between the deflecting
mirrors 17 and 12 is a rotating pinhole stop 14 with a
hole 16, which is set rotating by a drive 15. Only when
the hole coincides with a component beam path 2a or 2b
can the latter be focused by the main objective 18.
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opt oel ectronic 20 dete arrpl an i magi ng 2 1f:em 26.
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obj ective 1§ i &%ﬁfﬁéﬁ@%&e'aémém 3@%911' of Nighd'@%esliyn OQEbﬁﬁhlhgagéé 20b

and 20a shinin ect 6 can be 1 maged on the détector
di splay 21 for Fianxetihg tRe 2Anamncerarspagent optics holder

supports approximately centrally a deflecting mirror 25
which projects a portion of the beam coming from the
object 6 onto a spatially sensitive optoelectronic

20 detector 27, for example a CCD, via an imaging system
26. The optics holder 24 is fitted immediately
downstream of the main objective 18 in the parallel
beam path. In this way, the optical images 20b and 20a
shining on the object 6 can be imaged on the detector

25 27. A display 21 for indicating the Z-distance is, for
example, connected to an evaluation wunit 19 with
evaluation software and a corresponding computer.
However, it is also possible on the output side to
connect to the evaluation unit 19 components which

30 control the microscope such as, for example, an
autofocus 22 or an output 23 for stereotactic
applications, in particular for determining the
relative positions of the microscope ‘1 and the object
6.

35 The optics holders 10 and 24 and the small
deflecting elements l1l2a, b, ¢, l1l7a, b can be gathered
from 'the teaching of Patent Applications
PCT/EP 95/01311 and PCT/EP 95/01301. Of course, all
other conventional methods for reflecting information



exanpl e, connected to an evaluation unit 19 with evaluation software and a
correspondi ng conputer. However, it is also possible on the output side to
connect to theWvAa/RA3IBP unit 19 conponenbs-whi ch 30 corRCTAERIR/ 06460

m croscope such as, for exanple, an autofocus 22 or an output 23 for
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| aser beans t03Q itHaeUeR tie JEF &P @&élaﬁdl,%ta&sa@ét%ilﬂs%oﬁ&@ia% df
subsequent |y calibration_is carried out_and it _is established t
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t he obj ect pIa The ol e sent atlon f F ure 4 shows the
fol low ng: a pd Hte g% %?’or%efeedso%tcr‘?/ P%am of the

focal point F. The Iaséﬂ'xebmnhéllslr;am&amﬂ:aa: nbfP(FS:@ure ndt lhgisane
B The laser beaw SPopradices & Abh PoSAne ASHe LT 8t hOmLPLS):e The

di stance of the observed rom t he ané A1s yie fromthe
di stance 13 of vilgdbigo qnﬁimesam I ‘Pft Wélepoﬁwabnp@inth@ -t iEhgolaserr deam ve

20 to one gwot lgar Pﬁomgoas'&ﬂ&@l P(ls1)S PRSEHY Gignst .6 Phet Rgsdhe
di st ance betV\B% agd Aﬁxtgé(l:tféé/se aa point P(S2). P(Sl) differs from
P(S2). The distance of 'the -observed point T from the
focal plane A is yielded from the distance 13 of the
two points. If the position of the two points relative
20 to one another is now considered, it is possible to
state whether the distance between T and A received a
positive or negative sign. If the observed point T is
upstream of the focal point F, P(Sl) is seen to the
right of P(S2) through the microscope 1, and, if vice
25 versa, the observed point T' is located downstream of
the focal point F. What is decisive in this observation
is that these two points P(S1) and P(S2) can be picked
up separately, that is to say they must be coded. As
mentioned, it is possible for them to be geometrically
30 coded, with the result that it is therefore possible to
distinguish P(S1l) and P(S2) from one another, or for
them to be coded appropriately in terms ~of time by
knowing exactly when P(S1) lights up and when P(S2)
lights up. This information is input into a computer or
35 into a method, in order to calculate therefrom the
position upstream or downstream of the focal point.
Figure 5 shows a variant which not only permits
the Z distance to be measured but, moreover, permits a
measurement of amplification (T-measurement) via beam
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It is advantageous to combine the invention

with measurement of magnification, as described, for

example, in the abovementioned PCT/EP 95/01311. The

20 information required for this is evident to the person

skilled in the art from this PCT application; they are

therefore deemed to be disclosed herein.
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Ali gned defl ectdthg mi r réAMPeReRE r FRASPRIRARMS0 17b Ali gned defl ecting

mrror 18 19 3Vvain objregdéwve
5 Focal point
6 Object
7 Principal plane of the objective 18
8

Evyepiece
15 DQa Stop
9b Stop
10 Transparent backing plate
11 Principal axis of the beam path
12a Deflecting mirror, semitransparent
20 12b Deflecting mirror
12c Non-aligned deflecting mirrors
13 Distance between the luminous markings 20a and

20b which are produced on the object surface

14 Rotating pinhole stop/shutter wheel
25 15 Drive for pinhole stop
16 Hole
17 Deflecting mirror for time coding/beam-

splitting device

17a Aligned deflecting mirror, semitransparent
30 17b Aligned deflecting mirror

18 Main objective

19 Evaluation unit with evaluation software

20a Luminous marking/optical image

20b Luminous marking/optical image
35 21 Distance display

22 Autofocus

23 Output for stereotactic¢ applications

24 Optics holder

25 Deflecting mirror



19 Eval uation unit with eval uati on software 20a Lum nous

mar ki ng/ opti cal inmage 20b Lum nous mar ki ng/ optical imge 35 21

Di st ance di spl awo288/23988ut of ocus 23 - O put for stepewyRPD7F06460
applications 24 Optics hol der 25 Defl ecting mrror WO 98/ 23989
- 9 - PCT/ E 6 | magi ng system 27 Det ect or.
(for exanple Cé% Z Eﬁgéﬁ@?a%Xégegétmeen object surface and nmain

obj ective 18 5 2 DahgrEobetfeenexpapdenfe®Int | aser beanms S1, S2 Si,

S2 Conponent | ager beangiggang?hafg@gwéé}?i I objawer sakypEaklbe r%lg opiLgqtive

18 Patent clains 1. . Method f or nmeasuring a distance bet ween
the surface of an objec?byﬁ?tbﬂﬂ LRe principal plane (7) of a main
obj ective (B58) yith theadhleobetedn €RHEI edhpobeat 1aRd Melaiid 2ad don that

at least two npQueni, beans (23, b), ich cap be distinguished from
- .one anot her by %ﬁdiﬁg, %?m?ﬂﬁeﬁﬁanﬁﬁ¢§£ﬂiﬁgﬁ?@ﬂ'iﬁathe reﬁ#&ﬁrbeﬁﬁﬁbﬁth
upstream of thetnaversalecofi vthe haddh dbbjpesivehd8ugh the latter onto the 10
object (6), the conponent beans (2a, b) producing on the surface of the
obj ect (6) lum nous points (20a, b; P(S1l), P(S2)) whose distance (13) as
measure for determning the distance (Z) by conputer in an :
evaluation unit (19). 15 2. Met hod according to Claiml1, characterized
in that the two conponent beans (2a, b) are produced by splitting a single
beam (2) by neans of at |east one



sem t raru“muulnlm “lll Hll 2a; 17a). 3. | Met hod according to Claim1 or

2, characterS zéd 20 ®in that each conponent beam (2a, b) is geonetrically
coded in a distwopssieds® fashion, if appt@priate via stREE/ER27/06460
during the evaluation a right-left change of the projected i nages of the
conponent beans about the optical aXipatehd c1aamesenting a plus-m nus 25
Z-di spl acenent of the object (6) about the focal t hod

pl ane (A
according to Gkim 1, MerkedecfPrcnepfuriBg ehdishfRafen Z))be'%‘?'r%wf% tB? are
Cmmge poi nt | Nt T e B LT e tho avs 'w?““"ao
seqyen ein in the evaluatio

Device for carr{#%ly B4t athstﬂ'&(‘]l &%O‘T"Ell ﬂ§ }ggb, Cqf -t rfg"apﬁae% éélh?ms
?Ed ggvi ngfg rmu]ga@baecmeagt( 1o V\ﬁbmbonentowamﬂ; at2a, dbs;tarfca:r(ez)béamm

e surface o a charact g_qq degwnst Leam
of the main obj%rc?l égﬁ’é (sL aﬂ%fﬁ%ﬁéﬁ#ﬁ%ﬁ % Pag"ne o%{llécal
Eadl ahl) onWh sounziEn olPectiwai ((:IhSt r &0s pass a;thnoe:@'t tthey J@ih‘;@heﬂmt&be‘éhﬁ

2a i ch d in h m gpe ro t he
mai n obj ecti ve {%?g:tan gé)él r ?oﬁﬂg%é?hegg B? ?%Egéggr %g p{rs'gguce
| umi nous poi nt sCeMPRRenRt besm; (Res2)d) d’lﬁltﬂhet ﬂrﬁb}é‘ age e ©if ePI 6},
and in thaggan eypl wakngn @maiuéé&a la% naoﬁmﬁgﬁxwhlﬁbrdekﬂkﬁmﬁgﬁxkhethe
di stance (Z) between the r| nC| Iane%?%l of tge mai n obj,ect (18) and
the surface 10 digfanfe yERLero Br SVR Wﬁ@ndlugfllg 13) -
bet wegn t he IuCInz nous pcmethocﬂZ%cdrdllﬂ'gSlﬁ:o RASAND. 1 6. charadhnmd in
according to

(10, 24) Jon wni GRAT nEPE T o COPPHRRE, DO (1207 odrh « Pogo PHRHCE MBS
15 excl usi vel yspkitemgneg chalfngelnlhgam ri20r sby 1 meads) @ﬁeapr daiid me
including yhe COUPPREIsPeAlR: (aPrr8Y (12a; 17a).
3. Method accord:l.ng to Claim 1 or 2, characterized
in that each component beam (2a, b) is geometrically
coded in a distinguishable fashion, if appropriate via
stops (%9a, 9b), during the evaluation a right-left
20 change of the projected images of the component beams
about the optical axis (11) representing a plus-minus
Z-displacement of the object (6) about the focal plane
(A) .
4. Method according to Claim 1, characterized in
25 that the component beams (2a, b) are coded by color or
frequency, or are pulse modulated, color filters or
image point integrators consequently being applied in
the evaluation. _
5. Device for carrying out a method according to
30 one of the preceding claims, characterized in  that
arranged downstream of the main objective (18) is at
least one optical radiation source (3) which transmits
at least two component beams (2a, b) through the main
objective (18) in the direction of the object (6).
35 6. Device according to Claim 5, characterized in
that transparent flat optics holders (10, 24) on which
there are arranged small semitransparent and/or
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and/or cutting out a portlon of the radiation comng fromthe object (6).

7. Devi ce according to Caim5 or 6, characterized 20 in that

i medi ately dowcto®s23989the main objective {18) the i nRET/EPST 06460 Of
the two conponent beans (2a, b) at the object (6) are imged on a specially

ool Ving OPt O EOLEON 01y dELRTLRE 102 Hee L0er P! RELODLL2TNACIT are

connected to the eval uation uni eval uation uni t

(19) being RrREFWVE@edd, for| finglrdbry atehet ccAMRPRERN C OFRBPH| af2a21p)

and/or to a devigg/der cﬁ'&t@;ﬁbOf&P&’Sa( Fort st/ 8F thNb8shP Horlizd) ££6m
stereotactic Teasr Lng by Foses . Device according to one of

Clains 5-7 fdrhgP ‘fﬁb out a nethod using pul se-nodul at ed conponent
begms a( 2;’:1_, 5b) .7 .cgar aCt]ﬂéﬂf%@él aacbhaingheor ecl?atuhcsn ci018, Ceclﬁ&&ad:zeﬁﬁﬁdﬁ@ned
a beamsplittin ice ( upst ich t i s_arranged a_shutout
theel (14) or &% ofheko et ERel ¢7 me i 0% find hpiel SETedr EE
-12 - 0. (18evtihe amtagedingfd;maunonf otEhetl'pe etwdi wnﬂcmem: Sb&ams
characterized iPé hag) the | {:ggt &;Jég@ C@jPong aPs nfiétfgif}?t ed

r

to be in the infrared region Devi'ce accor g
Claims 5 to MEsGlvin@r mtmlze&j:mmtmatdwqqrondm earﬁ:bﬁl i detagtor

mrrors (12g, dbzﬁ)r ebéiﬁgn%%ﬂéatté@ @saﬁfh@atévm&sl&p ﬁhQQUC(qg)V\D and
conponent beans_ S2'

2" which can be eval uated, with regar
det er i ni ng thet%gm?‘f%]éi?"o’rf”bf tHet opt i b= sys?%?'ﬁ‘?corﬁ%rg% ‘F’@&EP/ 0i811).

appropriate, to a distance display (21) and/or to a

device for an autofocus (22), and/or to an output (23) .
for stereotactic ﬁeasufing purposes.

15 8. Device according to one of Claims 5-7 for
carrying out a method using pulse-modulated component
beams (2a, b), characterized 1in that the radiation
source (3) is assigned a beam-splitting device (17)
upstream of which there is arranged a shutter wheel

20 (14) or a rotatable pinhole stop (14) or LCD shutter
elements. '

9. Device according to one of the preceding Claims
5-8, characterized in that the light of the component
beams (2a, b) is selected to be in the infrared region.

25 10. Device according to one of Claims 5 to 9,
characterized in that additional beam-splitting mirrors
(12¢c, d) are arranged in the beam path so as to produce
two component beams S2' and SZ“ which can be evaluated
with regard to determining the magnification of the

30 optical system (compare PCT/EP/01311).
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