
Title: OPTICAL TELEMETER   Abstract: In order to improve target
illumination, a light source (2) of an emitter, which has a laser diode (3)
configured as an  edge emitter with a wavelength of 1550 nm, has
beam-forming optics (4) mounted downstream in relation thereto, which
comprise a  cylindrical lens (7) and a first deflection element (8) with
three fields having different diffraction structures. Said deflection
element  deflects partial beams, exiting from successive segments of the
emission edge, to three fields of a second deflection element (10) 



which are adjacent to each other and perpendicular to said emission edge
and which also have different diffraction structures. Said  second
deflection element directs the partial beams to the aperture of a
collimator (1), such that the partial beams substantially fill  said
aperture. The first deflection element (8) and a mount (6) for the
cylindrical lens (7) are integral and, like the second deflection  element
(10), are made of plastic. Both parts are stuck on opposite faces of a
block (5) made of glass.       29 March 2006 1 DESCRIPTION OPTICAL
TELEMETER  Technical field The invention relates to an optical telemeter
such as employed for instance in the surveying  of plots of land and
buildings. Prior art Optical telemeters of this kind have been known for
some time already. The laser diodes  used as light sources have the
disadvantage, however, that the light beam exiting at the  emission edge
has a very long and narrow cross section. This leads to poor target
illumination, since only part of the light beam strikes the target thus
detracting from the  range and from measuring accuracy. Moreover,
reflection of parts of the beam missing the  target at other objects, which
for instance are more distant, may acutely disturb the  measurements. 



Description of the invention Example embodiments of the present invention
are based on the task to specify an  optical telemeter of the above kind
providing a better target illumination than known  telemeters of this kind.
The advantages attained by example embodiments of the present invention
reside in a  decisive improvement of range, i.e., the maximum distance that
can be measured or, for a  given range, in an increased measuring accuracy.
In accordance with an aspect of the present invention, there is provided an
optical  telemeter with at least one light source for target illumination
and with a collimator  collimating the radiation to be emitted by the
telemeter prior to target illumination, the  light source being arranged in
front of the collimator and fitted with a laser diode 29 March 2006 la form
as edge emitter, as well as with a receiver and a control and evaluating
unit,  characterized in that the light source has beam forming optics
mounted downstream of  the laser diode and at least approximately
illuminating the collimator, so designed that it  offsets partial beams
emitted from successive segments of the emission edge of laser  diode
parallel to each other in such a way that their projections onto a plane
overlap at  least to a large extent, the plane being rotated with respect
to the plane formed by the  emission edge and the beam direction, the beam
forming optics comprising a first  deflection element based on diffraction
or refraction of light, and a second deflection  element based on
diffraction or refraction of light, each having an essentially plane
surface with structuring, the structuring being divided into at least two
fields. Brief description of the drawings 



In the following, the invention is described in greater detail with the aid
of figures  representing merely one embodiment. 29 March 2006 WO 03/033997
Al 2 PCT/EP01/2009 Figure 1 a schematically shows a lateral -view of an
emitter of a telemeter according to the  invention, 5 - Figure l b
schematically shows a top view of the emitter according to Figure 1 a,
Figure 3 shows a top view in beam direction of a first deflection element
of the emitter  according to Figures I a, b, .1.0 Figure 4 shows a top view
counter to the beam direction of a second deflection element of  the
emitter according to Figures 1 a, b, and Figure 5 shows the target
illumination attained by the emitter according to Figures la, b. 15 Ways to
practice the invention An optical telemeter according to the invention
comprises an emitter as well as a receiver  that, in known manner, can for
instance be built up with optics and avalanche photodiodes,  and further
comprises an electronic control and evaluating unit also of known design 20
controlling the emission of light pulses by the emitter and evaluating the
output signal of  the receiver. The distance can be measured by
transit-time determination. or by the phase- .matching technique. The
emitter has a collimator 1 and a light source 2 put in front of it which is
composed of a  25 laser diode 3 and beam forming optics 4. The laser diode
3 is an edge emitter emitting .electromagnetic waves in the infrared,
preferably at a wavelength between 850 nm and 980  run or a wavelength =
1,550 nm. The emission edge has a length between 30 pan and 800  



pm while its width is between I pm and 3, pm. The emission edge may be
interrupted in its  longitudinal direction. For instance, instead of one
laser diode 3 a linear array of laser 30 diodes having edge lengths of for
instance 50 pm and distances between successive edges  of 100 pm could be
provided. The numerical aperture corresponding to the sine of half the
angular aperture has a value of 0.1 parallel to the emission edge and of
0.6 to 0.7 transverse 29 March 2006 WO 03/033997 Al 3 PCT/EP0112009 to this
edge. The product of these two quantities, known as space bandwith product
(SBP),  in a direction transverse to the emission edge approximately
corresponds to the wave- length, and thus is practically monomodal
(transverse mode of 0), i.e., it is close to a  fundamental limiting value
that cannot be exceeded, while parallel to the emission edge it  is larger
than this limiting value by a factor of 10 to 100. Even in this direction
the SBP  cannot be altered by conventional refracting elements such as
lenses, but with the aid of  elements based on diffraction or refraction of
light, it can. be lowered very close to the  emission edge by rearrangement
in a direction parallel to the emission edge but instead be  enhanced in a
direction transverse to this edge, and thus the light beam can be more 10
strongly collimated. This is the purpose of the beam forming optics 4
comprising a parallelepipedal block 5  consisting of a transparent
material, preferably glass, with a first front face turned toward  the
laser diode 3 and an opposite second front face turned toward the
collimator 1. The first 15 front face supports a mount 6 of plastic holding
a cylindrical lens 7 at its terminal zones.  The cylindrical lens 7 has a
circular cross section, its diameter is about 60 m. It is oriented
parallel to the emission edge of laser diode 3 and spaced apart from this
diode by about 10  



m. The beam exiting from the emission edge which for laser diodes of the
kind employed  has a large transverse radiation angle of about 80 is made
parallel by it. The diameter of 20 the cylindrical lens and its distance
from the emission edge may also be much larger than  the given. values, but
for small values, particularly for values of at most 65 m and at most  15
m, respectively, the overlap of the* fractions coherently radiated from
successive  regions of the edge is very small so that the losses caused by
this overlap are also kept low. 25 Downstream of the cylindrical lens 7 a
first deflection element 8 is arranged which is  integral with the mount 6
and has a structured surface that is essentially plane and parallel  to the
first front face of block 5. Parallel to the emission edge it is divided
into three  successive fields 9a, b, c having different stepped diffraction
structures. The second,  opposite front face of block 5 supports a second
deflection element 10 consisting of plastic 30 and comprising a structured
surface essentially plane and parallel to the second front face  that is
divided into three successive fields 1la, b, c transverse to the emission
edge also  having different stepped diffraction structures. 29 March 2006
WO 03/033997 Al .4 PCT/EP01/12009 . The upper field 9a of the first
deflection element 8 has a structure such that it deflects the  partial
beam exiting from an upper segment of the emission edge and striking it to
the left- hand field 11a (looking in beam direction) of the second
deflection element 10 where the 5 beam is insignificantly deflected so that
it will strike the collimator I and approximately  fill the left-hand third
of the collimator's aperture. In exactly corresponding manner, the  lower
field 9c of the first deflection element 8' deflects the partial beam
exiting from a  lower segment of the emission edge and striking it, to the
right-hand field l le (looking in  



beam direction) of the second deflection element 10, where this beam, too,
is deflected 10 precisely in the corresponding way and then fills
approximately the right-hand third of the  aperture of collimator 1. The
central third of the collimator is filled by the partial beam  exiting from
a slightly shorter central segment of the emission edge and passing without
deflection through the unstructured central fields 9b and lib of the first
deflection element  8 and second deflection element 10, respectively. 15
Thus, the three partial beams are so deflected in different ways by the
first deflection  element 8 that they strike the second deflection element
10 side by side (when looking in a  direction transverse to the emission
edge), hence their projections onto a plane formed,  purely as an example
here, by the directions of the emission edge and of the beam 20 essentially
coincide. However, a deflection can also occur in such away that the
projection  occurs onto a plane which for instance is rotated relative to
the plane formed by the  directions of the emission edge and of the beam.
The essential point is that of avoiding a  crossing of the partial beams. A
deflection according to the invention can be functionally  integrated into
the deflection element 8 by suitable design of this element or by
additional  -25 elements, which may where appropriate even be applied to
the. deflection element. In the second deflection element 10 the partial
beams are then so deflected in different  ways that they strike the
collimator I as if they all came from a line parallel to, or rotated
relative to, the emission edge in the focal plane of collimator l or,
stated differently,- in 30 . 'such away that their back extrapolation will
lead to such. aline, and that each partial beam  fills approximately one
third of the aperture of collimator 1. The three successive segments  of
the emission edge are imaged onto a nearly square field, and indeed in such
a way that 29 March 2006 



WO 03/033997 Al 5 PCT/EP01/12009 they are superimposed in the far field
(Figure 5). This secures an excellent target  illumination. At wavelengths
between 850 nm and 950 nm the beam can be collimated very strongly,  5
allowing a range scan with high lateral resolution. Wavelengths around
1,550 nrri are also very advantageous, since then the upper limit of the
admissible single pulse energy which  is defined in terms of safety to the
eyes has a value of about 8 mJ and thus is higher by a  factor of about
16,000 than at wavelengths between 630 and 980 nm. By employing this
factor at least in. part, which becomes possible because of better beam
concentration 10 according to the invention, one can very substantially
increase the range or, for a given  range, raise the sensitivity. The mount
6 and the first deflection element 8 that is integral with it, as well as
the second  deflection element 10, each are produced by one of the
replication techniques as described 15 in M. T. Gale, `Replication', in H.
P. Herzig (editor), `Micro-Optics', Taylor & Francis  1997, pp. 153-177,
for instance by etching of a cylinder or piston of quartz and by hot
embossing, injection molding, or casting followed by UV curing, and are
then bonded to  block 5. The definition of the diffraction structures can
be performed with known computer  programs. The replication technique
allows large numbers of parts to be fabricated at 20 favorable cost. Since
the mount 6 is also made by this technique, a very precise positioning  of
cylindrical lens 7 is possible. The tolerated variation of distance between
the lens and  the first deflection element 8 is a few micrometers. Using
soldering and active adjustment  as described in DE-A-197 51 352, the laser
diode 3 can then be bonded in such a way to  the beam forming optics 4 that
the tolerated variation of mounting between it and the  



25 cylindrical lens 7 is about 0.5 pm. Various modifications of the
embodiment described are possible. Thus, the cylindrical lens  may be
fastened with cement directly to the laser diode. The first deflection
element and  the second deflection element may also consist of glass, and
for instance be made by an 30 etching process, They may also be etched
directly into the block separating them. The  number of fields in the
deflection elements may be two, four or more, instead of three. The  beam
forming optics may also consist of refracting elements, for instance prisms
and 29 March 2006 WO 03/033997 Al 6 PCT/EP01/12009 plates. Finally, laser
diodes having wavelengths particularly between 600 rim and 1,000  nm, and
more particularly between 630 ran and 980 nm which are outside the regions
indicated above can be employed. 5 List of reference symbols I Collimator
2 Light source 3 10 4 5 Laser diode Beam forming optics  Block Mount
Cylindrical lens 



first deflection element  Fields second deflection element  Fields 29 March
2006 7 CLAIMS 1. Optical telemeter with at least one light source for
target illumination and with a  collimator collimating the radiation to be
emitted by the telemeter prior to target  illumination, the light source
being arranged in front of the collimator and fitted with a  laser diode
form as edge emitter, as well as with a receiver and a control and
evaluating  unit, characterized in that the light source has beam forming
optics mounted  downstream of the laser diode and at least approximately
illuminating the collimator, so  designed that it offsets partial beams
emitted from successive segments of the emission  edge of laser diode
parallel to each other in such a way that their projections onto a plane
overlap at least to a large extent, the plane being rotated with respect to
the plane formed  by the emission edge and the beam direction, the beam
forming optics comprising a first  deflection element based on diffraction
or refraction of light, and a second deflection  element based on
diffraction or refraction of light, each having an essentially plane
surface with structuring, the structuring being divided into at least two
fields. 2. Optical telemeter according to claim 1, characterized in that
laser diode emits with  a wavelength between 850 nm and 980 nm. 3. Optical
telemeter according to claim 1, characterized in that laser diode emits
with  a wavelength of approximately 1,550 nm. 



4. Optical telemeter according to one of claims I to 3, characterized in
that the beam  forming optics comprises a cylindrical lens immediately
following after the laser diode,  the axis of this lens being parallel to
the emission edge of the laser diode. 5. Optical telemeter according to
claim 4, characterized in that the diameter of the  cylindrical lens is at
most 65 m. 29 March 2006 8 6. Optical telemeter according to claim 4 or 5,
characterized in that the distance  between the emission edge and the
cylindrical lens is at most 15 m. 7. Optical telemeter according to one of
claims 1 to 6, characterized in that the first  deflection element so
deflects the partial beams in different ways in a direction  transverse to
the emission edge and also in a direction parallel to it that they strike
the  second deflection element essentially side by side and the second
deflection element  orients the partial beams in such a way as if they all
issued from a line in a focal plane of  the collimator. .8. Optical
telemeter according to claim 7, characterized in that the fields of the
first  deflection element are oriented parallel to the emission edge and
contain different  diffraction structures, and that the number of fields of
the second deflection element  corresponds to the number of fields of the
first deflection element, the fields of the  second deflection element
containing different diffraction structures. 9. Optical telemeter according
to one of claims 7 to 8, characterized in that the beam  forming optics
comprises a block of transparent material with a first front face to which
the first deflection element is fastened and an opposite second front face
to which the  second deflection element is fastened. 



10. Optical telemeter according to one of claims 7 to 9, characterized in
that the first  deflection element and the second deflection element
consist of plastic. 11. Optical telemeter according to claim 9 or 10,
characterized in that the cylindrical  lens is tied to a mount fastened to
the first front face of block. 12. Optical telemeter according to claim 11,
characterized in that the first deflection  element is integral with mount.
29 March 2006 9 13. Optical telemeter according to claim 11 or 12,
characterized in that the laser  diode is fastened by soldering to block.
14. Optical telemeter according to one of claims 4 to 10, characterized in
that the  cylindrical lens is fastened to the laser diode with cement. 15.
Optical telemeter according to one of the preceding claims, characterized
in that  the beam forming optics is designed in such a way that the partial
beams are to be  superimposed in the far field. 16. Optical telemeter
according to one of the preceding claims, characterized in that  the beam
forming optics is designed in such a way that the partial beams in the far
field are  imaged onto a nearly square field. 


