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(57) Abstract: In order to improve target illumination, a light source (2) of an emitter, which has a laser diode (3) confignred as an
edge emitter with a wavelength of 1’550 nm, has beam forming optics (4) mounted downstream in relation thereto, which comprise a
cylindrical lens (7) and a first deflection elernent (8) with three fields having different diffraction structures. Said deflection element
deflects partial beams exiting from successive segments of the emission edge to three Helds of a second deflection element (10) which
v are located next to one another and crosswise in relation to the first fields and which also have different diffraction structures. Said
deflection element directs the partial beams to the aperture of a collimator (1) in such a way that the partial beams substantially i1l
said aperture. The first deflection element (8) and a mount (6) for the cylindrical lens {7) are integral and, alike the second deflection
element (10), are made of plastic. Both parts are glued to opposite sides of the frontal areas of a block (5) made of glass.

A0 0 0O A

{57) Zusammenfassung: Zwecks Verbesserung der Zielansleuchtung weist eine Lichtquelle (2) eines Senders mit einer als Kante-
nemitier mit einer Wellenlinge von 1°550 nm ausgebildeten Laserdiode (3) eine derselben nachgeordnete Strahlformungsoptik (4)
w auf, die eine Zylinderlinse (7) umfasst sowie ein erstes Umlenkelement (8) mit drei verschiedene Beugungsstrukturen tragenden
G Feldem, welches von aufeinanderfolgenden Abschnitten der Emissionskante ausgehende Teilstrahlen auf quer zu derselben neben-
o einanderliegende, ebenfalls drei verschiedene Beugungsstrukturen tragende Felder eines zweiten Umlenkelements (10) ablenkt, das
B die Teilstrahlen derart auf die Apertur eines Kollimators (1) lenkt, dass
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said aperture. The first deflection elenent (8) and a nount (6) for the
cylindrical lens (7) are integral and, alike the second deflectlon el enent
1£r18)nt a?r de of pI astl C. \ A\ giued m"ﬂm :

DESCRI PTI ON CPTI CAL TELENETER Techm cal field The invention relates to an
opti cal diehaiBhfikss@HaNBSENRl, Qe £Olsd NSLaRERent:n the surveying of plots
of land andsbuildings. Prior art Optical telemeteisnd tdirgki-md have been

known for sone tine al ready The Iaser di odes used as I| ht sources have
ebﬁnderen

the disadvantage however, the | Enh N
edge h ag3 )a ggﬁzien f% euro disc es atent( c FZUNGH blﬁiré u g n nce ole
i11um nati g%ﬁéﬁﬁe é y parté o %‘Z@g%‘%‘%éﬂ;é j}:’ﬁ fg’gﬁ gabe
detracting fromthe range and from

sie dieselbe im wesentlichen ausfilllen. Das erste Umlenkelement (8) und eine Halterung (6) fiir die Zylinderlinse (7) sind einstiickig
und wie das zweite Umlenkelement (10) aus Kunststoff hergestellt. Die beiden Teile sind anf entgegengesetzte Stimflichen eines
Blocks (5) aus Glas anfgeklebt.



measuring accuracy. Mreover, reflection of parts of theg $8asmpésgioag the
target at other objects, which for instance are nore distant, may acutely
di sturb the neasurenents. Description of the invention In accordance with
one aspect of the present invention, thegre is -provided an optical

telenmeter with at |east one |light source for target illumnation and with a
collimter collimting the radiation to be emtted by the teleneter prior
to target illumnation, the |ight DEMRIBIION ng arranged in front of the
collimater and fitted with a | aser diode formed as edge emtter, as well
as with a receiver and a control and evaluating unit, characterized in

that the |ight gporcEa, res.EageMckor m ng optics nounted downstream of the
| aser diode and at |east approximately illum nating the collimter, so

designed that it offsets partial beanms emtted from successive segnments of
the em ssion e r diode parallel to this edge in such a wqy that
their proj ectlgﬁeghg%?iﬁzgpl ane fornmed by the em ssion edg and the beam
direction overlap at least to a |large extent. 17 Septenber 2004 |a The

i nvention_is. based on the task to specify an optical teleneter of the above
kind provf Wﬁﬂt@nﬂélﬁteéw wpenisel tel emelen svsh o prnphsod f@nmnceeméhfemvwoft hi s
kind. The,p @&ﬁ%ﬁbﬂﬂ& Jed by the invention chiefly reside in a decisive
mprovemaﬁ range, 1.e., the maxi mum di stance that can be neasured or,
for a given range, in an increased nmeasuring accuracy. Brief description
of the drawingg Jn the following, the invention is described in greater
detail with thE’“&’F&rBf figures representing nerely one enbodiment. 17

Sept enber 2004

Optical telemeters of this kind have been known for some time already. The laser diodes used
as light sources have the Ei:isadvantage, 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

In accordance with one aspect of the present invention, there is provided an optical

telemeter with at least one light source for target illumination and with a collimater
collimating the radiation to be emitted by the telemeter prior to target illumination, the
light source being arranged in front of the collimater and fitted with a laser diode formed
as edge emitter, as well as with a receiver and a control and evalnating unit, characterized
in that the light source has beam forming optics mounted downstream of the laser diode
and at least approximately illuminating the collimater, so designed that it offsets partial
beams emitted from successive segments of the emission edge of laser diode parallel to

this edge in such a way that their projections onto a plane formed by the emission edge

and the beam direction overlap at least to a large extent.




WO 01/ 84077 2 PCT/EP 01/02204 Figure 1 a schematically 13%@4%&& Vi ew
of an emtter of a teleneter according to the invention i gure
schematically shows a top view of the emtter according to Figure | a,
Figure 3 shows a top view in beamdirecfjon of a first deflection el enent
of the emtter according to Figures la, b, Figure 4 shows a top view
counter to the beamdirection of a second deflection elenent of the
emtter a’fhe)lirdjengozi Gs bagdr @is tHe sk lip specify-iagoptichl thvn@ert b tHeakilgRte kind
illumnation, att ned by he emtter according to Figures | a, b. Ways to
practi ce PR¥AMS Frd?FgAtri 1'6‘]5%11&3%!} themp kegya iglemg g“&)‘?fdhlﬁ indo t he invention
conprises an emtter as well as a receiver that, in known manner, can for
i nstance be built up with optics and aval anche phot odi odes, and further
conpr i sesTha advantdges nittained rityr thie ianehtﬁmad:hiamjr mepidenirt a alesBivef inkprovemeahe ifgn
controlling the em ssion Of\ijé g Ises by the %mtter and eval Uatll’éllg t he
out put si GHEP b HehBarERER HjtEncey (Bt 5t bR cmeelisedopr. i a giuen Bgnes. in
transit - t jndRadda s %ta Qr by the phase- matching technique. The emtter
has a collimator 1 and a Ilght source 2 put in front of it whichis
conposed of a |laser diode 3 and beam form ng optics 4. The | aser diode 3
is an edge em%tlﬁél emt'r.ln(%r Iectromagnetlc waves in the infrared,
preferably at ‘il/egf%%cf% tfg aé'Hng%O rumand 980 nun or a wavel ength 2 =
1,550 nun. The em ssion edge has a | ength between 30 gmand 800 gm while

|ts width is between | gmand 3 gm The em ssion edge may be interrupted in
its | ongmt thei following éb?llbYPmlPBrlslﬂi%‘tﬂﬁﬁ‘éeln Bregtes atptank withetheatidrofdfigetes 3 a

linear arfay.Qlink ARy one embodiment.



di odes havi ng edge |lengths of for instance 50 gm and digt Sabdeiopaen
successive edges of 100 mcould be provided. The nunerical aperture

corr espgudi gy9s4pq7t he sine of half the, angul ar aperture I f 0.1
parallel to the em ssion edge and of 0.6 to 0.7 transver?gﬁ¥€Pé@gpg er

2004 WO 01/84077 3 PCT/EP 01/02204 to this edge. The product of these two
quantities, known as space bandwith product (SBP), 1in a direction
transverse to the em ssion edge approxi mately corresponds to the wave-

| ength,, and thus is practically nonornodal. (transverse node of 0), i.e., it
is close to a fundanental limting value that cannot be exceeded, while
par al | eFiguee {hechemiatsillyrshedge lateraliview af geemithanfheRmctdiatidigingab wes by a
factor of 10 to 100. Even in this direction the SBP cannot be altered by
convent I'8F&f°% ef racting el enents such as | enses, but with the aid of

el ements based on diffraction or refraction of light, it can be | owered
very close to the em ssion edge by rearrangenent in a direction parallel
to the Bigissltoiehewgiécabiiishiows a éeqdvibe of ¢henemittedadenrdingliorFigtieda, t r ansver se to
this edge, and thus the |ight beamcan be nore strongly collimted. This
is the purpose of the beamformng optics 4 conprising a parall el epi pedal

bl ock SFigaan®iskdwg t6f viewt [ABSRRURBE:JIBSES Rl deBE&IRr ABLYNI PSS et h @
first front_face turned toward the |aser diode 3 and an opposite second

front fascarding wdiguests®.the col limtor 1. The first front face supports a
nmount 6 of plastic holding a cylindrical lens 7 at its termnal zones. The
cylindrical lens 7 has a circular cross section, its dianeter is about 60

gm |t Figuerd shoted topatal beintéaotthebem §8¢é0netascaind B3REHSH Q883 nd
spaced&ﬁggrt fromthis diode by about 10 gm The beamexiting fromthe

eni ssi Aefler aprosting & Fieysssrlagh.gmds of the kind enpl oyed

Figure 5 shows the target illumination attained by the emitter according to Figures la, b.
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
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
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
nm or a wavelength A = 1,550 nm. The emission edge has a length between 30 pm and 800
um while its width is between 1 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
diodes having edge lengths of for instance 50 pm and distances between successive edges
of 100 pum 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



has'é | arge transverse radiation angle of about 80 is ch@erﬁq Bel Rlogby it.
The dianmeter of the cylindrical lens and its distance fromthe em ssion

edge mayWél €@84057nuch | arger than the given val ues, but playppmldara ves,
particularly for values of at npst 65 gmand at nobst 15 gm respectively,
the overlap of the fractions coherently radiated from successive regions
of the edge is very small so that the |osses caused by this overlap are

al so kept |ow Downstream of the cylindrical lens 7 a first deflection

el ement t@thisedye! TROBBIWE 5FHhdss twb RLGARL. Miduwh &%ﬁ%ﬁ@ﬁ@hiﬁ@a&&ﬁ@s@)
structured surface that is essentially plane and parallel “tot T st
front f&té Erechendiansyerpafoaiheesmisgion edge appwixomately geriespdrsls db thel eghvient 0

' ' . i different ped. di ffraction

St uct uran Th Bt koptdly BonflY A%Skik Gh5H of S Hcuisphcies ' Second
def | ect fiodamkerblitith} wowsibat tapgodbe efleaddd, &hald GafMRDI Bk Rehiidgit éd%ti{” ed
surface. essent,i al | ane apd parallel to the second front face that is
di vi dedisﬁﬁ{gSf %I}?Peth%slﬁ'&'@é‘gs"iag’@ B &ifRfdon of] 1) ton10G; Rven s this dizectiont the SBR ssi on
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beam exj t ] f an_upper segnent of the I Ssion edge and striking it to
the | of PR 09 bf (ot RRE SRR Sirefhon a0 By dsaaidetenide
def | ect émaneldeen tdickBtinh @hfsvele toPBAMiS 1081 @R i AR ¥ ed o tha
i'? will strjke thelrcolllimatsor I z(a)nd appg:eoxi mat e ye.ﬁgﬁﬁl qtagrgc%rg%fo’-rﬁgﬁd third
of the %Eﬂngl}’rf‘é?ﬂléﬂa@d-aperture. in exactly correspondi ng manner, the | ower

field 9c of the first deflection elenment 8 deflects the partial beam
exiting froma |ower segnent of the em ssion edge and striking it, to the

right - kel if tiel ghrddseCof(the WshmdfotRing optics 4 comprising a parallelepipedal block 5

consisting of a transparent material, preferably glass, with a first front face tumned toward

the laser diode 3 and an opposite second front face turned toward the collimator 1. The first
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 pm. It is oriented
parallel to the emission edge of laser diode 3 and spaced apart from this diode by about 10
pm. 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
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 pum and at most
15 wm, 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.

Downstream of the cylindrical lens 7 a first deflection elemenf & is arranged which is
integral with the mount 6 and has a structured surface that is essentially plane and parallel
to theﬂﬁrst front face of block 5. Paralle] to the emission edge it is divided into three
successive fields 9a, b, ¢ having different stepped diffraction structures. The second,
opposite front face of block 5 suppports a second deflection element 10 consisting of
plastic and comprising a structured surface essentially plane and parallel to the second
front face that is qlivided into_ three successive fields 11a, b, ¢ transverse to the emission

edge also having different stepped diffraction structures.



bear'n- direction) of the second deflection elenent 10, wherssdidihseRam too,
Is deflected precisely in the corresponding way and then fills

appr oxi NeQa1yg4olre right-hand third of s4the aperture of cg, ll“if@Fb?fOZ 04 The
cgﬁtral thir)cllisof the collimator is filled by the parti al %eam EXI%I ng from

a slightly shorter central segment of the em ssion edge and passing w thout
deflection through the unstructured central fields 9b and | I b of the
first deflection element 8 and second deflection el ement 10, respectively
Thus, the three partial beans are so deflected in different ways by the
first deflection elenent 8 that they strike the second defl ection el enent
10 si deThsupped dicldbrenf the dkstndpfientian elementct hone §thansy etdethkoit idBBe®aiEsSi on
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deflection through the unstructured central fields 9b and 11b of the first deflection element

8 and second deflection element 10, respectively.

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 by
the directions of the emission edge and of the beam essentially coincide. In the second
deflection element 10 they are then so deflected in different ways that they strike the
collimator 1 as if they all came from a line parallel to the emission edge in the focal plane
of collimator 1 or, stated differently, in such a way that their back extrapolatioh will lead to
such a line, 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 they are superimposed in the far field (Figure

3). This secures an excellent target illumination.

At wavelengths between 850 nm and 950 nm the beam can be collimated very strongly,
allowing a range scan with high latera] resolution. Wavelengths around 1,550 nm 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



WD 01/84077 5 PCT/EP 01/02204 factor at least in part, ephehSsoms
possi bl e because of better beam concentration according to the invention,
one canW@\/&(B%t antial |y increase tbe range or, for a pCYAOp oiARges 'aise
the sensitivity. The nount 6 and the first deflection elenent 8 that is
integral with it, as well as the second deflection elenent 10, each are
produced by one of the replication techniques as described in M T. Gale,
"Replication', in H P. Herzig (editor), "Mcro-Optics', Taylor & Francis

1997, pfactot 58-187 ,inf urt, iwisitiRbeeorhds BoBIHIO Beofusd FYbdtRHea R c@c%flﬁ’éﬁo f
quartz and'alby hot .enbossing, injection nolding, or casting followed by W
curi ng, 2SAWILE B thedRVERieaeane ean By erbgantplly idefenss thie anngsf ot Her digifenact i on

struct : med with known conputer prograns. The replication
t echni E&Lagé%l %(E)bv\glglsgr%ﬁeﬁ%t)nbers of parts to be fabricated at favorable

cost. Since the nmount 6 is also nade by this technique, a ve(rjy preci se f
ositiaoping of cylindrical lens 7 is possible. The tolerated variation o
Si st angﬂwo‘gf’\%ér?%ﬁbe Elésﬁ §leé‘ﬂ’6‘°n clenept B dhat demfegzalivoith ¥l aswsit asthe scaonflew
M Cr OMBfe@leStion &éMentSIY), Bkl 438 pRIadcaLH, ﬁidﬂh Dion Apdesribed Lo
DE- A- 197 E1 352, the Iaser dpg@eCS c}aﬁﬁet engg%?)ttrl\%%cwqgﬁp% SRt o ‘the
beam f dar¥Ing- &pte (Beplicatiant’, ith&l. tPolHerzi gddivay,i ‘Mi!cmqom‘icsi(’jcp?@lbﬁ_& Pﬁh&i?e?hl t
and th yli i |l ens, 7 is about 0.5 m. Various nodifications o e
enbodi er%egﬁ'?’ é%gﬁ-”r@?d for, @S%%%E%FEP. Ris2 cylimdesyarinigien @éyqua@ﬁjngfayhobe
f ast eneshbuksitg, GefeBén Holdss, | bt BIbAsE CtWCL%F'n Nehd bkes ghhon
el enent andh%he second dg}% | ection el ement Ymay a s-%r’ consfestle OE gq%as%, and
for i ndlokce The defarition pf the dlﬁaGMmgwmm.beme?h?moPa oe_t-dpb&ﬁ
directly.d S rating them The, numher o ields in the
def | oc P AR TRE A REorp SRARBLE oA Thherinbe Of @26 dp e Podcerrhes
favorabl¢ 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

cylindrical lens 7 is about 0.5 um.

Various medifications 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
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
beamn forming optics may consist of refracting elements, for instance prisms and plates.
Finally, laser diodes having wavelengths particularly between 600 nm and 1,000 nm, and
more particularly between 630 nm and 980 nm which are ocutside the regions indicated

above can be employed.

List of reference symbols
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Collimator

2 Light source



beam form ng optics may consist of refracting el ements,17Adptémpédraneg pri sns
and plates. Finally, l|aser diodes having wavel engths particularly between
600 nm ®BiA01/880T7 nm and nore particéalarly between 630 woraiEy P @m whi ch
are outside the regions indicated above can be enployed. List of reference
synbols | Collimator 2 Light source 17 Septenber 2004 WO 01/ 84077 3 Laser
diode 4 Beamformng optics 5 Block 6 Mount 7 Cylindrical lens 8. first
deflection element 9a,b,c Fields 10 second deflection elenent 1la,b,c

Fi el ds 3 PCT/ EP Q#s6280de 17 Sept enber 2004 7 CLAIMS 1. Optical teleneter

with at, | east one_light source (2) for target illumnation and with a
Beam forming optics _

5 Block

6 Mount

7 Cylindrical lens

8 first deflection element
9a,b,c Fields

10 second deflection element

1lab,c Fields



collimator (1) collimating the radiation to be emtted {ysdpenbes! @Rt er
prior to target illumnation, the |light source being arranged in front of
the collimator (1) and fitted with a | aser diode (3) fornmed as edge
emtter, as well as with a receiver ang a control and evaluating unit,
characterized in that the light source (2) has beamform ng optics (4)
nmount ed downstream of the | aser diode (3) and at |east approxinmately

i 11 um nat ChégIMife col limator (1), so designed that it offsets partial beans
emtted fromsuccessive segnents of the em ssion edge of |aser diode (3)
parallel to this edge in such a way that their projections onto a pl ane

formed byilthe eplieditdomedg®itARtlchionbEaam WufRqb) fb&‘ tRY&N@Rination 8a&Pith
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2. Optical telemeter according to claim 1, characterized in that the beam
forming optics (4) comprising a first deflection element (8) based on the
diffraction or refraction of light, and a second deflection element (10} based on
the diffraction or refraction of light, each having an essentially plane surface
with structuring, the structuring being divided into at least two fields (9a, 9b, 9c,
11a, 11b, llc).

3. Optical telemeter according to claim 1, characterized in that laser diode (3)

emits with a wavelength between 850 nm and 980 nm.

4. Optical telemeter according to claim 1, characterized in that laser diode (3)

emits with a wavelength of approximately 1,550 nm.

5. Optical telemeter according to one of claims 1 to 4, characterized in that
the beam forming optics (4) comprises a cylindrical lens (7) immediately
following after the laser diode (3), the axis of this lens being parallel to the

emission edge of the laser diode (3).
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tel emeter according to claim5b, characterized in that the dianmeter of the
cylindrical lens (7) is at nost 65 m 7. Optical teleneter accordl ng to
claim5 or 6, characterized in that thegdi stance between the eni ssion edge
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from a line in the focal plane of collimator (1).

9. Optical telemeter according to claim 8, characterized in that the fields (9a, b,
9¢) of the first deflection element (8) are oriented parallel to the emission edge and
contain different diffraction structures, and that the number of fields (11a, I1b, 11¢)
of the second deflection element (10) corresponds to the number of fields (9a, 9b,
9c) of the first deflection element (8), the fields (11a, 11b, 11¢) of the second

deflection element (10) containing different diffraction structures.

10.  Optical telemeter according to one of claims 8 to 9, characterized in that the
beam forming optics (4) comprises a block (5) of transparent material with a first
front face to which the first deflection element (8) is fastened and an opposite

second front face to which the second deflection element (10) is fastened.

11.  Optical telemeter according to one of claims 8 to 10, characterized in that the

first deflection element (8) and the second deflection element (10) consist of plastic.

12. Optical telemeter according to claim 10 or 11, characterized in that the
cylindriéal lens (7) is tied to an amount (6) fastened to the first front face of block
).



11. Optical teleneter according to one of clains 8 to M7, Sefenestmoszed in
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cylindrical lens (7) is fastened to the laser diode (3) with cement.

16. Optical telemeter according to one of the preceding claims, characterized in that the
beam forming optics (4) is designed in such a way that the partial beams will be
superimposed in the far field.

17. Optical telemeter according to one of the preceding claims, characterized in that the
beam forming optics (4) is designed in such a way that the partial beams in the far

field are imaged onto a nearly square field.



