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O000000oPTICAL COMPONENT AND METHOD FOR ITS PRODUCTION

The invention relates to an optical component comprising at least one one-piece
element of glass, quartz or other inorganic optical material for at least two pe
ncils of rays, in each case according to the preamble of claims 1, 15, 16 and 17
, a device for distance measurement and a surveying instrument according to the
preamble of claim 13 or 14 and a method for the production of an optical compone
nt, in each case according to the preamble of claims 18 and 19.

Such optical components are part of many electro-optical devices for measuring p
hysical quantities or for recording, monitoring, regulating or controlling proce
sses. A pencil of optical rays which is suitable for the respective purpose is e
mitted by the device into its environment. The environment interacts with the em
itted pencil and assigns to it a received pencil detectable by the device. Owing
to the known manner of the respective interaction and the relevant assignment,
the detected signal can then be appropriately evaluated.

However, if a part of the rays of the emitted pencil does not leave the device -
for example owing to refractive or reflective scattering by an optical componen
t - and then cannot be directly detected, so-called optical crosstalk of scatter
ed rays of the emitted pencil with the received pencil is then present. A signal
detected in this manner also contains a more or less strong interfering signal,
caused by optical crosstalk, in addition to the actual useful signal of the rec
eived pencil. Consequently, the functioning of the device may be impaired since

firstly the extent of optical crosstalk often can be quantified only with diffic
ulty and since secondly - for example owing to dust or soiling of the surface of
the optical component - the extent may vary as a function of time. Particularly
in the case of highly sensitive sensors or instruments having high measurement

resolution, targeted evaluation of the often weak useful signal is thus consider
ably complicated or the result of the evaluation is even falsified.

In general, the extent of optical crosstalk in a device is all the greater the c
loser together transmitted and received pencils are arranged, the larger an opti
onally present contact area common to both pencils is within the device or the m
ore optical components are used jointly by the two pencils.

In the case of devices for distance measurement, optical crosstalk constitutes a
problem in every respect. On passage of a transmitted pencil through optically
active surfaces of optical elements - for example through lens surfaces or prism
surfaces - a part of the rays of the transmitted pencil is inevitably refracted
and reflected with scattering. A part - even if only a very small part - of the
se scattered rays passes via the optical component itself, via other components
and/or via side walls of the device to the detector of the device, and is detect
ed there together with rays of the received pencil which are reflected by the ob
ject to be measured. In this way, optical crosstalk may easily falsify the resul
t of the distance measurement. This interfering effect is as a rule all the grea
ter the weaker the rays of the received pencil which are reflected by the object

This is the case in particular in measurements to target objects at great dist
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ances or at a naturally rough surface reflecting with scattering.

Optical crosstalk can be suppressed in a manner known per se by an optically mor
e or less shielded, separate optical system for the transmitted pencil. Since su
ch a separate optical system can be relatively easily realized in the case of bi
axial distance-measuring instruments - with transmitted and received pencil arra
nged internally side by side - this measure is used again and again. However, as

a result of the expansion of the transmitting and receiving optical system nece
ssary in each case, a certain distance between the effective axes of the transmi
tted and the received pencil is specified. Depending on the application, for exa
mple in the case of the coincidental measurement of a close corner cube prism, t
his distance is not permitted to exceed a specified, low value, with the result
that a separate arrangement of the optical systems side by side is relatively im
possible for many applications.

Combined transmitting and receiving objectives are known for reducing the distan
ce between transmitted and received pencils, a cut-out for the edge region of th
e transmitting objective being provided in the edge region of the receiving obje
ctive. Before the two objective parts are combined, the adjacent edge regions of
the two objective parts are provided with an optical barrier layer. Such a comb
ined objective requires expensive individual optical elements having a non-stand
ardized lens form and a complicated holder of the combined transmitting and rece
iving objective which nevertheless has a space, even if a small one, between the
effective axes of the transmitted and received pencil, which space may rule out
certain applications.

In surveying, theodolites having an integrated distance-measuring instrument who
se transmitted and received pencils are oriented coaxially with the sighting axi
s of the telescope of the theodolite have become established today, with the res
ult that, as a rule, the objective of the telescope is used jointly by the trans
mitted and received pencil. In particular owing to the jointly used objective, o
ptical crosstalk occurs to a significant extent, necessitating countermeasures,
which are often associated with considerable effort.

DE2745565C2 discloses such a theodolite having an integrated, coaxial distance-m
easuring instrument, whose objective has a plurality of optical and mechanical e
lements in order to avoid optical crosstalk of rays of the transmitted pencil wh
ich are scattered by the objective. Such an objective is associated with conside
rable effort in the design, production, assembly and adjustment of such a device

The more separate parts an optical system has, in general the lower also are t
he attitude stability and the maintenance of adjustment of the parts relative to
one another, which may present problems in particular in the case of precision
devices.

For this reason, theodolites having an integrated, coaxial distance-measuring in
strument - as disclosed in DE19615601A1 - today often have only one cemented com
ponent comprising two or more round optical elements. Optical crosstalk of rays
of the transmitted pencil which are scattered by the cemented component results
in a reduction in the range, which, however, now has to be accepted in favor of
the simplicity of the objective design.
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If a plurality of different transmitted pencils and a plurality of received penc
ils are provided in a device, for example in a theodolite having two distance-me
asuring instruments and automatic sighting, problems associated with optical cro
sstalk may become even more critical.

Even in the case of an optical component in a device for the optical imaging of

an object by means of a pencil of rays to be focused, scattered rays of an inter
fering pencil which are caused by the component - such as, for example, sunlight
- which is incident obliquely relative to the imaging pencil, may give rise to

problems. In the case of telescope tubes of surveying devices having high scale

ratios, for example, the brightness of the imaging pencil is as a rule low, with
the result that scattered rays which are caused by obliquely incident sunlight

lead to a milky, low-contrast image. However, even in the case of the imaging of
poorly illuminating objects, scattered rays of obliquely incident pencils of ex
traneous light considerably reduce the contrast of the image.

Various measures are known for suppressing scattered rays which are produced at
an optical component by an obliquely incident interfering pencil. Thus, for exam
ple, the introduction of a lamellar metal structure into glass during fusion or
extrusion has been proposed. However, the production of optical lenses from such
a glass has still not been mastered. Furthermore, ion-doped special glasses in
which lamellar black separating layers can be introduced in a targeted manner by
UV irradiation are known. However, such special glasses are very expensive and
are not available in all glass types customary for objectives - for example crow
n or flint.
It is an object of the invention to eliminate deficiencies of the prior art and
to provide an optical component comprising a plurality of segments which are coo
rdinated with a plurality of pencils of rays, which component causes only very 1
ittle optical crosstalk and has high dimensional stability.

This object is achieved by an optical component and a method having the features
of patent claims 1, 15, 16 and 17, and 18 and 19, respectively. Further alterna
tive or advantageous developments and further developments of the invention are
described in the features of the dependent patent claims.

An optical component for at least two pencils of rays has at least one one-piece
element of glass, quartz or other inorganic optical material and at least two s
egments which are coordinated with the pencils of rays and of which the first se
gment is substantially surrounded by the at least one second segment. According
to the invention, a depression is provided between the first and the at least on
e second segment. Said depression is formed in such a way that the first segment

is substantially optically shielded from the at least one second segment and is
kept in a stable position relative thereto by means of at least one material br
idge from the second segment.

An embodiment of an optical component according to the invention has at least on
e optical element of glass, quartz or other inorganic optical material for a dev
ice for emitting a first pencil of rays and for receiving at least one second pe
ncil of rays. A first segment is provided for the passage of the first and optio
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nally of the at least one second pencil of rays, and at least one second segment

for the passage of the at least one second pencil of rays. Provided between the
first and the at least one second segment is at least one depression which is f
ormed in such a way that, inside the device, optical crosstalk of rays of the fi
rst pencil which are scattered by the optical component with the at least one se
cond pencil of rays is substantially prevented indirectly or directly. According
to the invention, the at least one second segment substantially surrounds the f
irst segment.

In the context of the invention, a depression in an optical component is to be u
nderstood as meaning a recess of arbitrary three-dimensional shape in the compon
ent. The depression according to the invention may not - similarly to a blind ho
le - pass through the component or pass partly through the component or may - si
milarly to a through-hole - pass through the component over the total cross-sect
ion of the depression.

A development of the invention envisages a depression which does not pass throug
h, between a first and at least one second segment of the component, so that a m
aterial bridge remains between the bottom of the depression and an optical surfa
ce of the component. The first segment is held in a stable position relative to
the second segment by means of this material bridge. The component forms a close
d tight unit.

An alternative development of the invention envisages a depression which passes
through, between a first and at least one second segment of the component, so th
at, as a rule, a plurality of material bridges extend at least partly, substanti
ally in the direction of propagation of the pencil of rays, between the segments
of the component. By means of these material bridges, the first segment is held

in a stable position relative to the second segment. In general, such a compone
nt can be sealed by means of a filling material which is introduced into the dep
ression and as a rule is non-transparent.

In particular, ultrasonic machining has proven suitable for introducing substant
ially slit-like depressions into an optical component. The optical elements of t
he component, which consist of glass, quartz or other organic optical material,
promote ablation by means of ultrasonic machining, owing to their brittle materi
al properties. By means of this method, depressions having a large variety of sh
apes, in particular having non-rotationally symmetrical shapes, can be introduce
d economically even into already polished, optionally coated and mounted optical
components, virtually without permanent stresses. Moreover, there is no flaking
or conchoidal fracture of optical surfaces, through which continuous depression
S emerge.

Although the journal "Mechatronik F&M 104 (1996) 1-2; Carl Hanser Verlag Munich"
has already disclosed ultrasonic machining methods for glass processing, these
are said not to have become established as final processing methods in glass pro
cessing and not to have left the sphere of the laboratory, owing to the achievab

le accuracies and the low ablation powers.

It is also conceivable to introduce slit-like depressions with the aid of a powe
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r laser, whose wavelength is at least partly absorbed by the optical material, i
nto an optical component.

The invention is explained in more detail below, purely by way of example, with
reference to the figures. ldentical parts in different embodiments which perform
the same functions are provided below with identical designations and reference
numerals. Schematically:

Figure 1 shows a first embodiment of the optical component according
000000 to the invention as an objective in a surveying instrument,
OO00OO00O00 in longitudinal section;

Figure 2 shows the embodiment from Figure 1 in cross-section;

Figure 3 shows a second embodiment of the component according to the

000000 invention as an objective for a surveying instrument accord
OO0O0O0O0O00Oing to Figure 1, in longitudinal section;

Figure 4 shows the embodiment from Figure 3 in cross-section;

Figure 5 shows a third embodiment of the component according to the
0000000 invention as an objective for a surveying instrument accordi
O0000O0O0O0Nng to Figure 1, in cross-section;

Figure 6 shows a fourth embodiment of the component according to the
000000 invention as an objective for a surveying instrument accord
O0000O0O0D01ing to Figure 1, in cross-section;

Figure 7 shows a fifth embodiment of the component according to the
O0000O00O00D0O invention as an objective for a surveying instrument accordi
O0O000O00O0ONng to Figure 1, in longitudinal section;

Figure 8 shows a sixth embodiment of the component according to the
O0000O00O00O0 invention as an objective for a further surveying instrument
OOoO0gggd, in side view;

Figure 9 shows a seventh embodiment of the component according to th
O0000O0O0O00DOe invention as an objective for a device for the optical rec
O0000O0O0O0O0O0Oording of an object, in cross-section;

Figure 10 shows an eighth embodiment of the component according to th
O00O000O00O0O0DO0e€e invention as a beam splitter for a device, in cross-sectio
OO000o0adn;

Figure 11 shows a ninth embodiment as an objective for a further surv
O00O0O0O0O00O0eying instrument, in longitudinal section, and

Figure 12 shows a tenth embodiment as an objective for a device for i
00000 Omaging, in longitudinal section.

mTOoDoooo0oooooooo00 oo oooo oD oo oDoooo0D oo oDoooo0oooDoooogQgog
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e 1 shows a telescope of a theodolite in longitudinal section. A device for
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distance measurement, the transmitted and received pencils of which are oriente

d coaxially with the line of sight of the telescope, is integrated in the telesc
ope. A first embodiment of an optical component according to the invention is in
the form of a common objective 10a for the viewing line of sight of the telesco
pe, the transmitted pencil and the received pencil of the device for distance me
asurement.

The telescope comprising such a device furthermore has, in a manner known per se
, a transmitter 13, a receiver 14, a central reflecting element 15, a wavelength
-selective reflecting element 16 and an eyepiece. A first pencil 4 of rays which

is in the form of a transmitted pencil, is produced here, for example, by a las
er diode and has a hexagonal cross-section is emitted by the transmitter 13 via
the central reflecting element 15 toward a target object not shown in Figure 1.
Here, the central reflecting element 15 is positioned on the optical axis of the
objective 10a by means of a retaining element not shown in Figure 1. Owing to o
ptical reflection, a second pencil 5 of rays in the form of a received pencil 1is
coordinated with the first pencil 4 of rays by the target object. The second pe
ncil 5 of rays is directed via the wavelength-selective reflecting element 16 an
d the central reflecting element 15 to the receiver 14 and is detected there.

Here, the optical component according to the invention which is in the form of o
bjective 10a is a cemented component comprising a first and a second optical ele
ment 1 and 2, respectively, which in turn are in the form of spherical lenses ha
ving in each case two polished and coated optical surfaces 11. Here, the two opt
ical elements 1 and 2 are produced from one piece of optical glass. However, it
would also be conceivable to produce such an optical element from quartz or anot
her inorganic optical material. The optical component has a first segment 6 and
a second segment 7 which surrounds said first segment and through which in each
case the first pencil 4 of rays or the second pencil 5 of rays passes. Here, a s
lit-like depression 8a has been introduced, by means of a shaping lapping tool v
ibrating in the ultrasonic range, between the first and second segments 6 and 7,

into the optical component already cemented together, through the first element
1 and into the second element 2. The slit-like depression passes through three
of the four optical surfaces 11 and extends here up to the vicinity of the optic
al surface 11 on the object side, so that the remaining material of the one-piec
e, optical element 2 securely holds the first segment 6 of the optical component
, with the result that the mechanical stability and geometrical dimensional stab
ility of the optical component are nevertheless preserved substantially unchange
d. Furthermore, in spite of the slit-like depression, a closed tight component i
S present owing to the remaining material.

The depth of the slit of the slit-like depression 8a - shown only schematically
in Figures 1 and 2 - extends substantially parallel to the direction of propagat
ion of the first pencil 4 of rays and, for example, may have a value of seven mi
Ilimeters. The optical component has a remaining material thickness of, for exam
ple, onemillimeter between the optical surface 11 and the bottom of the slit-lik
e depression 8a. The width of the slit, given here by two walls substantially pa
rallel to one another, has a value of, for example, half a millimeter.

As a result of having been introduced by ultrasonic machining, the depression 8a
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has an optically rough surface which is provided here, for example, with a blac
k coating and absorbs optical rays to a high degree. However, the depression 8a

could also, for example, be blackened with ink or filled with a filler opaque to
the corresponding rays, for example tar or non-transparent adhesive. In this wa
y, blocking values of up to 100 optical decibels or more can be achieved dependi
ng on the formation of the depression.

If the first pencil 4 of rays passes through the first segment 6, rays 9 scatter
ed by refraction or reflection are inevitably produced at each of the four optic
al surfaces 11. The major part of these scattered rays 9 is absorbed directly af
ter production thereof via the optically rough surface of the depression 8a, whi
ch is introduced here into the objective 10a along the major part of the first s
egment 6, continuously around the latter, said optically rough surface being, fo
r example, coated black. Since the absorbed scattered rays 9 can no longer reach
the receiver 14 through reflections inside the telescope, the major part of the
undesired optical crosstalk is thus prevented.

The more elongated the depression 8a and the closer to the optical surface 11 on
the object side that the depression 8a is introduced, the larger the quantity o
f scattered rays 9 which can be absorbed by the depression 8a. A depression 8a |
ocated close to the first pencil 4 of rays thus favors the length/width ratio of
the depression. Since low processing forces occur on introduction of the depres
sion 8a by means of ultrasonic machining, in comparison with conventional drilli
ng or milling using diamond tools, firstly the shaping lapping tool may be thin-
walled and nevertheless elongated and secondly the material thickness of the com
ponent which remains in the region of the depression 8a can be chosen to be very
small. The dimensioning of the remaining material thickness is predetermined he
re as a rule by the required mechanical stability of the optical component.

In a manner known per se, rays of the first pencil 4 which are reflected by the
target object are partly prevented from penetrating to the receiver 14 by the ce
ntral reflecting element 15. This can lead to receiving problems in the case of

measurements to close target objects. Since, here, a further part of the rays re
flected by the target object is also absorbed by the depression 8a, these proble
ms become even more critical. The broader the slit of the depression 8a, the mor
e critical does the problem become. The very small dimension of the width of the
slit, which, in comparison with conventional milling, is achievable by means of
ultrasonic machining, can thus be advantageously utilized both with respect to
the stability of the optical component and with respect to the measurement to cl
ose target objects.

Furthermore, owing to the low processing forces of the ultrasonic machining, vir
tually no significant mechanical stresses of the component occur during the proc
essing thereof. Consequently, permanent stresses in the optical component and an
associated deterioration in the optical imaging quality of the regions surround
ing the depression can also be avoided. Moreover, there is virtually no splinter
ing of material on entry of the shaping tool into the component. The depression
8a can therefore even be introduced into already cemented and optionally already
mechanically mounted optical components. The advantages of the flexibility of t
he process for manufacturing the optical components are obvious.
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Figure 2 shows a cross-section of the first embodiment of an optical component a
ccording to the invention, which is in the form of an objective 10a for the tele
scope from Figurel. The sectional plane passes through the center of the optical
element 1 from Figure 1. In this embodiment, the first segment 6 is located cen
trally within the second segment 7 and is surrounded continuously all round by t
he slit-like depression 8a.
The closer the depression 8a to the first pencil 4 of rays from Figure 1, the gr
eater the quantity of scattered rays of the first pencil 4 that are absorbed by
the depression 8a. If, as in the first embodiment, the emitted first pencil 4 of
rays has a hexagonal cross-section, the cross-section of the depression 8a here
advantageously has a corresponding linear hexagonal shape. Since the depression
8a is available neither for the emission of the first pencil 4 of rays nor for
the reception of the second pencil 5 of rays from Figurel, the usable fraction o
f the passage area of the optical component according to the invention is the gr
eater the smaller the cross-sectional area of the slit of the depression 8a can
be chosen. The very small values of the width of the slit which can be achieved
by ultrasonic machining are therefore also advantageous with respect to the opti
mum utilization of the passage area of an optical component.

Figure 3 shows a second embodiment of an optical component according to the inve
ntion, which, as an alternative to the objective 10a from Figure 1, is in the fo
rm of a further objective 10b having an integrated reflecting prism 15" for the
telescope of the theodolite. The further objective 10b is in the form of a cemen
ted component comprising two optical elements 1 and 2, the reflecting prism 15°
- in contrast to the central reflecting element 15 from Figurel - being cemented
to the first optical element 1. The reflecting prism 15" has a two-sided reflec
ting surface 17, on one side of which the first and on the other side of which t
he second pencil 4 and 5, respectively, of rays from Figure 1 are reflected.

Before cementing to the reflecting prism 15", in contrast to the depression 8a f
rom Figure 1, two stepped depressions 8b passing through the two optical element
s 1 and 2 are introduced into the further objective 10b by means of a lapping to
ol vibrating in the ultrasonic range and provided with a step. They have a step
18 in the fastening region for the reflecting prism 15". The step acts as an adh
esive buffer for the adhesive necessary for cementing the reflecting prism 15".
Removal of excess adhesive and cleaning are therefore unnecessary, with the resu
It that the production process for the further objective 10b is simplified. Inst
ead of the step shape, the slit of the depressions 8b could, for example, also h
ave a wedge shape.

Here, rays reflected with scattering by the optical surface 11 on the object sid
e can be absorbed to an even greater extent, and the stepped depressions 8b pass
through all four optical surfaces 11 of the optical elements 1 and 2.

By cementing the reflecting prism 15" to the first optical element 1 of the furt
her objective 10b, it is possible to realize a quasimonolithic optical component
which, owing to the generally high rigidity and the low coefficient of thermal
expansion of inorganic optical material, has dimensional stability which is appr
oximately comparable with that of a monolithic element of such a material. The i
ndividual optical elements and the respective segments of such a component are d
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istinguished in particular by attitude stability - i.e. high positional and orie
ntation stability - relative to one another. At the same time, owing to the step
ped depressions 8b, substantial optical sealing of the first segment 6 relative

to the second segment 7 and optical crosstalk of rays of the first pencil 4, sca
ttered by the optical component, with the second pencil 5 of rays at the receive
r 14 from Figure 1 are very substantially prevented.

Here, in contrast to the first embodiment, a thin-walled black plastic part 19 i
s inserted into the depression for indirectly preventing optical crosstalk. Here
, with the exception of an entry orifice and an exit orifice for the first and s
econd pencil 4 and 5 of rays, respectively, it additionally surrounds the reflec
ting prism 15" in order additionally to suppress optical crosstalk.

For an optical component provided for another purpose, it would be just as possi
ble, instead of a reflecting prism 15", to cement another optical element, for e
xample a small, round lens, thereto after introduction of a corresponding depres
sion.

Figure 4 shows the second embodiment of the optical component according to the i
nvention from Figure 3, in cross-section, the inserted plastic part 19 not being
shown, in contrast to Figure 3. The sectional plane passes through the center o
f the second optical element 2 from Figure 3. Here too, the first segment 6 is c
oncentrically inside the second segment 7. In contrast to the first embodiment,

in the second embodiment the basket-like, stepped depressions 8b, with the excep
tion of two gaps, surround the first segment 6. Each of the two gaps serves as a
web-like material bridge between the first and the second segment 6 and 7, resp
ectively. By means of the material bridges, the first segment 6 is held securely
and with a stable attitude relative to the second segment 7.

Advantageously, in each case a thin, bore-like depression 8b" can be introduced

into the further objective 10b in the environment of the material bridges, in or
der to prevent direct propagation of rays of the first pencil which are scattere
d by the first segment 6, via the two material bridges. The bore-like depression
s 8b" can be introduced into the component, for example, together with the stepp
ed depressions 8b by means of the same lapping tool. However, it would also be c
onceivable to introduce the two bore-like depressions 8b" into the component by

means of a second shaping lapping tool through the optical surface 11 on the obj
ect side from Figure 3, into the objective 10b, in a direction opposite to the s
tep-like depressions 8b.

0f course, such web-like material bridges could also be provided in a depression
not passing through the optical component - as in Figure 1. As a result, the st
ability of such a component is even further increased, so that the first segment
6, in spite of the reflecting prism fastened thereto, withstands even extreme v
ibrational and shock stresses safely and with a stable attitude.

Figure 5 shows a third embodiment of the component according to the invention in
cross-section, which component is in the form of a further objective 10c for a
telescope having an integrated device for distance measurement. In contrast to t
he device from Figure 1, however, the first pencil of rays is produced by an LED
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and, on passage through the further objective 10c, has a larger cross-section o
f the pencil of rays. The further objective 10c has a first segment 6 having a ¢
ross-section which is correspondingly larger compared with the objective 10a fro
m Figure 2. For two second pencils which contain rays reflected by the target ob
ject, here two second segments 7 are provided, which are arranged on both sides
of the first segment 6 and surrounding said segment 6. Two arc-shaped depression
s 8c prevent, inside the device, optical crosstalk of rays of the first pencil w
hich are scattered by the first segment 6 with the rays of the two second pencil
s of rays.

It would also be conceivable to coordinate not only one second segment 7 in each
case, but also a separate receiver in each case, with each of the two second pe
ncils of rays.

Furthermore, the two second pencils of rays, optionally even emitted rays produc
ed by two light sources and the first pencil of rays could contain the rays refl
ected by the target object. Optical crosstalk of rays of the two second pencils,
which are scattered by the second segments 7, with the rays of the first pencil
would thus be prevented by the two arc-shaped depressions 8c inside the device.

Figure 6 shows a fourth embodiment of the component according to the invention i

n cross-section, which is in the form of a further objective 10d for a telescope
having an integrated device for distance measurement. In contrast to the device
from Figure 1, however, the first pencil of rays is arranged eccentrically with
respect to the second pencil of rays.

The first segment 6 is accordingly arranged eccentrically inside the second segm
ent 7 and here has an elongated elliptical cross-section which is appropriately
adapted to the cross-section of the first pencil of rays which is produced here
by a laser diode. Here, the slit-like, eccentrically arranged depression 8d surr
ounds the first segment 6 continuously all round.

Figure 7 shows a fifth embodiment of the component according to the invention in

longitudinal section, which is in the form of a further objective 10e for a tel
escope having an integrated device for distance measurement. In contrast to the
device from Figure 1, here the first pencil 4 of rays is not directed via a cent
ral reflecting element onto the target object, which is not shown.

The objective 10e is in the form of a cemented component of two optical elements
1 and 2 and, in addition to a depression 8e, which is cylindrical here, has a c
ontinuous central recess 20. The central recess 20 can be introduced into the co
mponent together with the cylindrical depression 8e in one processing step by me
ans of a common lapping tool. Here, a laser diode 21 producing the first pencil
4 of rays is directly inserted into one end of the central recess 20, and a coll
imator lens 22 is directly inserted into the other end.

The direct combination of the laser diode 21 with the cemented component of the

objective 10e creates an electro-optical system which has an exceptional high st
ability of the orientation of the first pencil 4 of rays relative to the cemente
d component.
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The inserted collimator lens 22 makes it possible to house a complete transmitti
ng optical unit in the central region of the objective 10e, which unit is moreov
er actually optically shielded by means of the cylindrical depression 8e from th
e other parts of the device. Optical crosstalk of rays of the first pencil 4 whi
ch are scattered by the collimator lens 22 with the second pencil 5 of rays at t
he receiver shown only in Figure 1 can thus be virtually completely prevented.
Figure 8 shows a sixth embodiment of the component according to the invention, i
n side view. It is in the form of a quasimonolithic end element 10f for a multif
unctional device, for example for automatic acquisition, surveying and documenta
tion of target objects via three first and four second pencils of rays.

Here, the quasimonolithic end element 10f has a third optical glass element in t
he form of a convex carrier lens 3 and having a central first and four periphera
I second segments 6 and 7" to 7°"""", respectively. Here, the three first pencils
of rays and the four second segments 7" to 7°""" of one each of the four second
pencils of rays are coordinated with the first segment 6. Each of the four seco
nd segments 7% to 7"""" has in each case a different focal distance and is inten
ded for a different purpose in each case. For avoiding optical crosstalk inside
the device, a cylindrical depression 8e in the end element 10f is provided betwe
en the first segment 6 and the second segments 7" to 7°""". As can also be shown
here, the four second segments 7" and 7°"""" are each additionally optically shi
elded from one another by means of a radial depression 8f".

Here, the first segment 6 includes the central region of the carrier lens 3 and,
for example, a planoconcave glass lens cemented to the carrier lens. The first
second segment 7" is formed by a peripheral quarter segment of the carrier lens
3 as such. The second second segment 7"" is formed by a further quarter segment
of the carrier lens 3 with an applied thin film of sol gel or plastic, into whic
h structures which permit, for example, aspherical corrections are introduced by
an embossing technique. The third second segment 7°"" is determined by a periph
eral quarter segment of a diffractive lens. The fourth second segment 7°°"" is d

etermined by a peripheral quarter segment of a convexoconcave lens.

Figure 9 shows a device for optical recording comprising an illumination means,
in longitudinal section, which device has an imaging detector 25, a light source
and a seventh embodiment of the component according to the invention, which is

in the form of a one-piece objective 10g of the device.

The one-piece objective 10g has a first segment 6, with which a first pencil 4 o
f rays for illuminating an object not shown is coordinated, comprising a slightl
y matt optical surface 24 and a second segment 7 for a second pencil 5 of rays f
or optical recording of the object. The object to be recorded on the detector 25

is focused by means of the lens surfaces of the second segment 7 which are poli
shed on both sides. The first pencil 4 of rays is scattered with refraction by t
he slightly matt optical surface 24 of the first segment 6 on the object side, w
ith the result that the object is illuminated by diffuse light of uniform bright
ness.

A cylindrical depression 8e is introduced into the one-piece objective 10g, betw
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een the first and the second segment 6 and 7, respectively. Optical crosstalk of

rays 9 of the first pencil 4 scattered with refraction by the optical surface 1
1 and scattered with reflection by the matt surface 24 with the second pencil 5
of rays can thus be reduced to a large extent on the imaging detector 25. The de
pression and the surface structure of the matt optical surface 24 can be introdu
ced using the same tool. A device having integrated coaxial illumination and a v
ery compact design can be easily produced in this manner.

Figure 10 shows an eighth embodiment of the component according to the invention
for a device, in longitudinal section, which is in the form of a beam splitter
cube 10h for two pencils 4 and 5 of rays. It is composed of two plano-optical pr
isms cemented to one another and having a wavelength-selective layer 26 which re

flects only the second pencil 5 of rays.

The beam splitter cube 10 h has a cylindrical first segment 6 for a cylindrical
first pencil 4 of rays and an angled second segment 7 for the second pencil 5 of

rays. In contrast to the second segment 7, the first segment 6 is a part of bot
h prisms. In the beam splitter cube 10h, a cylindrical depression 8e which passe
s through the wavelength-selective layer 26 is introduced coaxially with the fir
st segment 6 and all round the latter. As a result, rays of the first pencil 4 w
hich are scattered with refraction by the rear optical surface 11 and scattered
with refraction or reflection by the wavelength-selective layer 26 can be absorb
ed by the cylindrical depression 8e, which then can no longer cause any optical
crosstalk with the second pencil 5 of rays.

Figure 11 shows an embodiment of a component according to the invention, in long
itudinal section, which is in the form of a further objective 10i for a device f
or transmitting and receiving a first and a second pencil 4 and 5 of rays, respe
ctively. The optically effective axis of the first pencil 4 of rays, which is pr
oduced by a point light source, and the optical axis of the objective 10i are or
iented coaxially with one another. In contrast to the preceding embodiments, the
objective 101 has two semicircular segments 6 and 7 complementary to one anothe
r. A first segment 6 coordinated with the first pencil 4 of rays is arranged opp
osite a second segment 7 coordinated with the second pencil 5 of rays. This perm
its, for example, a semicircular, large pencil cross-section of the first pencil
4 of rays on passage through the objective 10i.

Virtually all rays of the first pencil 4 which are scattered by the optical surf
aces 11 of the objective 10i and reflected inside said objective can be absorbed
by means of a suitable, axial depression 8g along the optical axis and thus can
no longer cause optical crosstalk with the second pencil 5 of rays via the seco
nd segment 7. Here, the axial depression 8g is in the form of a blind bore havin
g a small diameter of, for example, half a millimeter, and extends here up to th
e vicinity of the optical surface 11 on the object side.

Figure 12 shows an embodiment of a component according to the invention for focu
sing a first pencil of rays, in longitudinal section, which component is in the

form of an objective lens 10j of binoculars here. Here, a viewing pencil to be f
ocused by the binoculars forms the first pencil 4 of rays. Sunlight or rays of o
ther extraneous light sources which enter the objective lens 10j obliquely relat
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ive to the first pencil 4 of rays form the second pencil 5 of rays here.

A first part of the second pencil 5 of rays which is incident steeply on the obj
ective lens 10j strikes a region of the all-round edge surface 27 of the objecti
ve lens 10j. Without suitable measures, rays scattered by the all-round edge sur
face 27 can cause optical crosstalk with the first pencil 4 of rays to be focuse
d, for example in the eye of a user of the binoculars - the receiver of the imag
ing system. This optical crosstalk is evident as a rule from a perceptible reduc
tion in the image contrast.

According to the invention, at least one all-round depression 8h is introduced i
nto the all-round edge surface 27. Firstly, rays of the second pencil 5 which ar
e reflected with scattering by that part of the edge surface which is on the obj
ect side are absorbed by said depression, with the result that they can no longe
r cause any optical crosstalk with the first pencil 4 of rays. Secondly, rays of
the second pencil 5 are directly trapped by the all-round depression 8h - in th
e manner of a diaphragm - with the result that they can no longer reach that par
t of the edge surface 27 which is on the receiver side and cause optical crossta
Ik via rays scattered thereon. By means of the all-round depression 8h integrate
d in the component and simultaneously acting as a light trap and diaphragm, scat
tered extraneous light can be reduced and hence the image contrast of the imagin
g can be increased. The image contrast experiences no degradation in the receive
r plane.

The at least one all-round depression 8h can be introduced into the optical comp
onent by means of a corresponding ultrasonic lapping tool or by means of, for ex
ample, drilling with the use of diamonds.
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1.An optical component (10a, ..., 10h) for a device for emitting a first penQ
cil (4) of rays and for receiving at least one second pencil (5) of rays,O

O

which component has a one-piece element (1, 2, 3) of glass, quartz or oth
O er inorganic optical material, comprising a first segment (6) refracting t
O he first pencil of rays and at least one second segment (7, 7%, , 7"""") r
O efracting the at least one second pencil of rays,

- the first segment being substantially surrounded by the at least one seco
nd segment,

wherein a depression (8a, , 8e) is provided which substantially surrounds th
e first segment (6) and is formed in such a way that

optical crosstalk of rays (9) of the first pencil (4) which are scattered
by the component with the at least one second pencil (5) of rays is subst
antially prevented indirectly or directly inside the device.

O

oo o oooooogogoo
O O

2.The optical component (10a, , 10h) as claimed in claim 1, wherein the depres
0 O sion (8a, , 8e) is in the form of a slit, and the depth of the slit of the
O O depression extends substantially parallel to the direction of propagation
O O of the first pencil (4) of rays.
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3.The optical component (10b) as claimed in claim 2, wherein the depression (8
O b, 8b") passes at least partly through the component.

.The optical component (10a, 10c, , 10h) as claimed in claim 2, wherein the d
O epression (8a, 8c, , 8e) does not pass through the component and, in the r
O egion of the depression, the component has a remaining material thickness
O of less than a quarter, optionally less than a tenth, of the depth of the
O slit.

.The optical component (10a, 10c, , 10h) as claimed in claim 4, wherein the d
O O epth of the slit has at least three times, preferably at least ten times,
O optionally twenty times, the value of the width of the slit.

.The optical component (10a, 10c, , 10h) as claimed in claim 4, wherein the w
O idth of the slit has a value which is less than one and a half millimeters
O, preferably less than one millimeter, optionally less than half a millime
O ter.

.The optical component (10a, 10d, , 10h) as claimed in claim 4, wherein a sin
0 O gle continuous, optionally differently curved depression (8a, 8d, , 8e) wh
O O ich continuously surrounds the first segment (6) is provided.

8.The optical component (10b, 10c) as claimed in claim 1, wherein a plurality
O O of optionally differently shaped depressions (8b, 8b", 8c) are provided.

9.The optical component as claimed in claim 1, wherein the surface of the depr
0O O ession is provided with a coating, dye or ink or with a metallic or dielec
O O tric reflecting coat.

10.The optical component (10a, , 10j) as claimed in claim 1, wherein, for indi
O O rect prevention of optical crosstalk, a solid (17) or a filler opaque to r
O O adiation, for example tar or adhesive, is introduced into the depression.

11.The optical component (10a, , 10j) as claimed in any of claims 1 to 10, whe
O O rein the one-piece element is in the form of a round optical element (1, 2
00, 3) or in the form of a plano-optical element.

12.The optical component as claimed in any of claims 1 to 11, wherein the comp
O O onent is produced by means of a method as claimed in any of claims 18 to 2
O0o2.

13.A device for distance measurement, comprising an optical component (10a, ,
0O O 10f, 10h) as claimed in any of claims 1 to 10 and a receiving pencil coaxi
O O al with the transmitting pencil, wherein

O - the transmitting pencil and the receiving pencil form the first and the a
O 0Ot least one second pencil (4 and 5) of rays, respectively.

O

14 _.A surveying instrument comprising a device for distance measurement as clai
O O med in claim 11, comprising a sighting telescope and optionally comprising
O O a device for automatic target acquisition with an illuminating pencil and
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0 a target acquisition pencil, wherein

the optical component is provided as an objective for the sighting telesc
O ope, and wherein

optionally the illuminating pencil and the target acquisition pencil form
a further first pencil of rays and a further second pencil of rays, respe

O O

ctively.

5.An optical component (10i) for a device for emitting a first pencil (4) of

O rays which is effective coaxially with the optical axis of the component a
O nd is produced by a point light source and for receiving a second pencil (
0 5) of rays,

- which component has a one-piece element of glass, quartz or other inorgan
O ic optical material and a first segment (6) for the passage of the first a
O nd optionally the second pencil of rays and a second segment (7) for the p
0 assage of the second pencil of rays,

- the first segment being arranged opposite the second segment,

wherein a depression in the form of a bore (8g) is introduced along the opti
cal axis of the component, which depression is formed in such a way that, in

side the device, optical crosstalk of rays (9) of the first pencil (4) which
are scattered by the component with the second pencil (5) of rays is substa
ntially prevented.

6.An optical component for focusing a first pencil (4) of rays, a second penc

O

il (5) of rays which is inclined relative to the first pencil of rays ente

O

ring the optical component,

- which component has a one-piece round optical element (10j) of glass, qua
O rtz or other inorganic optical material and a segment (6) for the passage
0 of the first pencil of rays,

wherein the round optical element (10j) has an external all-round depression
(8h) which extends substantially perpendicularly to the direction of propag

ation of the first pencil of rays into the round optical element.

7.An optical element (10a, , 10h) for at least two pencils (4, 5) of rays, co

O mprising a one-piece element (1, 2, 3) of glass, quartz or other inorganic
O optical material and comprising at least two segments (6, 7) coordinated
O with the pencils of rays,

- the first segment (6) being substantially surrounded by the at least one
O second segment (7),

wherein, between the first and the at least one second segment, a depression
(8a, , 8e) is provided, which is formed in such a way that

the first segment, with the exception of at least one material bridge in
the one-piece element, is optically separated from the at least one second
segment, and wherein

the first segment is held with a stable attitude relative to the at least
O one second segment by means of the at least one material bridge.

[ |

18.A method for the production of an optical component (10a, , 10j) for at lea
O 00Ost two pencils (4, 5) of rays, comprising a one-piece element (1, 2, 3) of

O 00O glass, quartz or other inorganic optical material, which has polished, op
O 0O 0O tionally coated optical surfaces (11),
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wherein

at least one depression (8, , 8h) for absorbing rays (9) of one of the penci
Is which are scattered by the component is introduced into the component by
means of a shape-transferring lapping tool vibrating in the ultrasonic range

a
O
a
O
a
a
19.A method for the production of an optical component (10a, , 10j) for at lea
O 0O st two pencils (4, 5) of rays, comprising a one-piece element (1, 2, 3) of
O O glass, quartz or other inorganic optical material, which has polished, op
O O tionally coated optical surfaces (11),

O wherein at least one depression (8, , 8h) of one of the at least two pencils
O of rays is introduced into the component by means of a laser pencil which i
0 s at least partly absorbed by the component.

20.The method as claimed in claim 18 or 19, wherein the depression (8a, , 8Q)
O O is introduced into the component through one of the optical surfaces (1l1).
ad

OooooooooooooogogQgogoaoQg

O

21.The method as claimed in claim 20, wherein the one-piece element (1, 2, 3)
O 0O is in the form of a round optical element or in the form of a plano-optica
Oooo1l element.

O

0 22.The method as claimed in claim 20 or 21, wherein, after introduction of the

O

O O depression (8b), a further optical element (15") is fastened to an optica
O 01 surface (11).

O

O00oo0ooooooo0oo0oo0ooo0o0ODaDABSTRACT

An optical component (10a) for at least two pencils (4, 5) of rays has at least
one one-piece element (1, 2) of inorganic optical material and at least two segm
ents (6, 7) which are coordinated with the pencils of rays and of which the firs
t segment (6) is substantially surrounded by the at least one second segment (7)

According to the invention, a depression (8a) is provided between the first an
d the at least one second segment (6 and 7), respectively. This is formed in suc
h a way that the first segment (6) is substantially optically shielded from the
at least one second segment (7) and is held by means of at least one material br
idge from the second segment with a stable attitude thereto.
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