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28581- SG-FS/ BW OC Beam defl ector, swi tching system conprising N 2007
defl ectors as well as nmethod for selectively coupling term naI S l%
optical signals The invention relates to a beam defl ector for deflecting a
beam of light into a selectable direction, and to a switching system
conprising a plurality of termnals for optical signals in order for
optical signals entering the switching: - systemthrough one or nore
t er mi nal fard.-Beisstgutifatingsetadimdplas atdrdr Aedismi nal s. In particular, the
I nvent i 0%8&I836SCGr eF8YBW/00 a swi tching system for data conmuni cation
systens wth fiber-optical switching systens. Furthernore, the invention
relates to a nethod for operating such a switching system in particular
for a fiber-optBear defletton, sywitsrhingrsymtBmHeohpeiahog Rodam Capi k
"Denonstrati f | gss 7 e I steering
optical sw tgléﬂi‘eacg:ro:i%r )ééawggémggt Ié%‘rzﬁﬁg g‘\.’;\f éc &%E}erl% C%%Pé ?%”:abl es a
plurality of fiber-optic&iermipais £orpertitakisianalsoupled with a
plurality of fiber-optical outputs. To this end, each optical input
conpri se€S a cof rimator W ch 75 adjustabte by bUIVU-bUHtTUi such—tthat a
| i ght beamexiting at one termnal end of the input inpinges upon a
termi nal end of the selected optical exit and enters the sanme. The
servo-con#roLled %g&ystnent of the plurall%%lof collimators is,
mechani caPfy 10% dtfatbefestPed Rsfrctiohlestan feri fgfdesting a
di }‘ ficul beauSoﬁatLeghtnmntésl 968682t dbTe | @ﬁﬁc@.cﬁwhtzﬁm gt %/Sévﬂ{ﬁélﬁ[ng
selectiv ti coupling optic nputs wt tic out put s,
mhereln t¥ i ég%P e Bot? Hf%g} %y %ﬁﬁ%&? ont T | ?ﬁh ! means
of |iqui dlgn§é$alln06m®lartﬁblt hepRical s1gnals entering the sw:Ltchlng
system through one or more terminals to be output at

selectable other terminals. In particular, the invention also
relates to a switching system for data communication systems
with fiber-optical switching systems. Furthermore, the
invention relates to a method for operating such a switching
gystem, in particular for a fiber-optical switching system.

From B.H. Lee and R.J. Capik "Demonstration of a very low-
loss 576x576 servo-controlled, beam-steering optical switch
fabric", a beam-steering switch is known which enables a
plurality of fiber-optical inputs to be selectively coupled
with a plurality of fiber-optical outputs. To this end, each
optical input comprises a collimator which is adjustable by
servo-control such that a light beam exiting at one terminal
end of the input impinges upon a terminal end of the selected
optical exit and enters the same. The servo-controlled
adjustment of the plurality of collimators is mechanically
complex and a desired reduction of switching time is
difficult.

US patent no. 5,963,682 discloses a switching system for
selectively optically coupling optical inputs with optical
outputs, wherein beam directions are not adjustable by servo-
control, but by means of liquid crystal cells and the



application of specific voltage and field patterns to the sane. The

el ectro-optical effect of the liquid crystals used for this purpose is
sufficient to attain, by the application of electric field patterns,
adequat e defl ection angles for selectjvely driving several outputs.
However, in this prior art system the inertance of the liquid crystal
limts an attainable switching speed and, noreover, |osses of optical
intensity which occur when the optical signals pass through the sw tching
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cavity. thel swmhehmbgesysbémtdmee pfeslserito ibev oo bighe provi de a beam

deflector for deflecting an incident |ight beamwhich is inproved in
particular in respect of attainable deflection angles or/and swtching

times. MBPe®REENt| 9.5 SBldhjdde HEalesern\idniIRidd piel\EHe VRS

defl ect OénV\Bbﬁljlcb.i psnwérswmeﬂ ianélﬁelixﬁbéhptiﬁaihéiaé@coﬁDr&&&éﬁaid: on
systens. di.tijon, 1t is an o bject of t present |tn.veﬁy j an i rovi de
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electrodes in order to produce a switchable reflection
grating, because the refractive index of the polymer can be
spatially varied by the application of the electric field. As
the cavity is mirrored, the achievable deflection angle is
increased, because an incident 1light beam circulates several
times in the cavity. However, when the light beam circulates
several times in the resonator, the intrinsic absorption of
the polymer material results into significant intensity
losses, so that an increase of the deflection angle is
limited by the absorption of the medium in the cavity.

It is one object of the present invention to provide a beam
deflector for deflecting an incident 1light beam which is
improved in particular in respect of attainable deflection
angles or/and switching times.

Moreover, it is an object of the invention to provide a beam
deflector which is better suited for use in optical data

communication systems.

In addition, it is an object of the present invention to
provide a switching system comprising a plurality of
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termnals for optical signals which is in particular suitable to be

enpl oyed in optical data comruni cations systens with high transm ssion
rates and short switch-over tinmes. Furthernore, it is an object of the

i nvention to provide a swi tching system conprising several termnals for
optical signals which enables conparatively little |osses of optical
intensity to be achieved. According to a first aspect, the invention
proceeds froma beam defl ector which conprises a plate of electro-optical
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di sposed in a high- quallty resonat or, so that the nunber of circul ations
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spatlally changeable by the application of an electrlc field
pattern in the direction of extension of the plate. The
reflectivity of the mirror of the pair of mirrors facing
towards the incident light beam is less than that of the
other mirror of the pair of mirrors. As a result, the
intensity of the incident light beam reflected by the beam
deflector is higher than the intensity of the incident light
beam transmitted by the beam deflector.

In this respect, the invention is distinguished in that the
first or/and the second mirror comprises a plurality of
layers of dielectric material, the refractive indices of
which are different from each other from layer to layer.

The invention is based on the concept that the electro-
optical material is disposed in a high-quality resonator, soO
that the number of circulations which parts of the incident
light beam perform in the resonator before they exit is
particularly high. This high quality of the resonator is
achieved by the use of mirrors having a high reflectivity and
a low residual transmisssivity, <respectively. This is
achieved by the use of multi-layer mirrors of dielectric
materials having different refractive powers. The high
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quality of the resonator and, as a result, the high nunber of <circulations
of the beamto be deflected intensifies the effect of the el ectro-optical
material, so that, on the one hand, the deflection angles achievable with
this material is increased as conpared to a material which is passed
through only once or only a couple of“times. On the other hand, it is
possi ble, at a given deflection angle, to reduce the thickness of the

el ectro-opti cal naterial as conpared to a systen1mﬁth | ower resonator
quality. e I Qssible to reduc ciric fi.elds to be
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As a regitbrihie; pagtipluheans,Qfagthe incident light beam reflected at a
front boundary surface and a réar boundary U | ANVELDERI ZEI SS\ Z8581- DE18581

ENG DOC 5
Moreover, it is possible to employ in a high-quality

resonator also electro-optical materials which have a
relatively low electro-optical effect as compared to the
known liquid crystals, but can be switched much quicker.

Preferably, the beam deflector is provided for deflecting
light having optical wavelengths, preferably light in a
wavelength range of from 0.5 pm to 3.0 um, more preferred, in
a wavelength range of from 1.0 um to 2.0 pm and, particularly
preferred, in a wavelength range of from 1.3 um to 1.7 um.

Preferably, electro-optical solid materials are used,
preferably lithium niobate (LiNbO;) or/and gallium arsenide
(Gans) .

In order to increase the reflectivity of the mirrors, and
thus the quality of the resonator, preferably, several layers
of the dielectric materials have a thickness which
corresponds substantially to a value d which satisfies the
equation d = A/4, wherein A is the wavelength of the light of
the incident beam in the dielectric material of the layer. As
a vresult, the partial beams of the incident 1light beam
reflected at a front boundary surface and a rear boundary
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surface of a layer of such a thickness d interfere with each other in
constructive manner, whereas partial beans transmtted through the |ayers
interfere with each other in destructive nmanner. Further, in order to

i ncrease the resonator quality, the plate of electro-optical material has
a thickness which corresponds substantially to a value D which satisfies
one of the two fornulae D=k/2 * 2 and D= (2k-1)/4 * A, wherein A is
t he wavel ength of the incident beamin the electro- optical material and k

i's a nat .u,ﬁekaearre@r ofy ﬁ%ﬂm@x al NGy dkrn%ts it difen

equations |s select e V\/net er the(qa ers a éacent to the
el ect r o- 8phEEal muerqoa}strhmévg hi GAeReBr |dm@rre|a@fra;ew ¥al nddeansan t he

el ectro- tephkmat &gt mehﬁht seld BRbMheieirtdi Shimet Haenobthie 4H rror

| ayer stgck ad acent to the plate of electro-optical material is
symet r i BgFER Eﬁgﬁnﬂﬁ?’??’éal in respect of the plate. A sinple
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U: VANVELIDERS ZElSSlQBGBlODElB@&r ENGfP@Ctive index than the electro-
optical material itself and whether the structure of the
mirror layer stack adjacent to the plate of electro-optical
material is symmetrical or unsymmetrical in respect of the

plate.

A simple configuration of the mirror is obtained if the
mirror layers are made of merely two different dielectric
materials which are alternately laminated onto one another.
The refractive 1indices of the two mirror materials should
differ from each other as much as possible. Preferably,
silicon dioxide (Si0,) and titanium oxide (TiO} are employed
as such mirror materials. Preferred materials are also
gallium arsenide (GaAs) and aluminium arsenide (AlAs)} orx
aluminium gallium arsenide (AlGads).

In order for the intensity of the deflected light beam to be
as high as possible, the mirror of the resonator facing away
from the incident 1light beam is substantially fully
reflective. The mirror facing towards the incident beam could
be provided likewise substantially fully vreflective to
further increase the resonator quality. However, this mirror

has a residual transmissivity which is more than five times,
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6 in particular, nore than ten tines the residual transmssivity of the
mrror facing away fromthe incident |ight beam Preferably, the beam
defl ector conprises a second plate of electro-optical material which,
viewed in the direction of the incident beam is disposed behind the
second mrror and arranged in a further resonator fornmed by the second
mrror and a third mrror which is disposed piano-parallel thereto.
Preferably, said second resonator is of a higher quality than the first

resonat ok,,di s et r e fraqm e il de
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|l ess than the residual transm ssivity of the second mrror. The high
gquality of the second resonator is preferably achieved by simlar neans as
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third mirror has a still higher reflectivity than the second

mirror. Preferably, here, too, the residual transmissivity of

the third mirror is five times, in particular, ten times less

than the residual transmissivity of the second mirror. The

high quality of the second resonator is preferably achieved

by similar means as referred to above in respect of the first

. resonator, the number of mirror layers between which the
second plate of electro-optical material is disposed,

however, being higher.

If, by means of the electrode arrangements which are
spatially structured in the plane of the mirrors, electric
fields are applied to the electro-optical materials, which
electric fields change in plate direction, the refractive
index of the electro-optical material changes in plate
direction, which results into a locally changing phase
position between the incident beam and the beam emerging from
the  resonator. With appropriately structured electrodes and
appropriate voltages applied thereto, the beam deflector may
thus have the effect of a phase grating which changes the
direction of the beam emerging from the beam deflector in
respect of the incident light beam. By changing the voltage
pattern applied, the direction of the light beam emerging
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U: | ANVELDER\ ZEI SS\ 78581- DE18581 ENG DOC 7 fromt he beam defl ector can then
be freely varied in certain ranges. In order to change the direction of
the deflected Iight beam in two spatial directions, each el ectrode
arrangenment is conprised of a plurality of parallel, juxtaposed stripe

el ectrodes, the directions of extensioh of the stripes of the two

el ectrode arrangenents extendi ng transversely, and in particular
orthogonally, to each other. Here, the el ectro- optical material is

provi dedg t | ectrode ran Such .a .canfiguration is
di sadvantggﬁe\gﬁggr %Qggs\é%cﬁ g the i %t Trafq StV P\’é‘rl}r?gm @ef‘%ercttadtn in
that a spavge®ly structured electrode arrangenent nust be nmanufactured and
contacted on both sides of the plate of electro-optical rmaterial.

Accor di n? to a further aspect, the invention proceeds froma beam
Il
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anot her, in particular orthogonally, to each other.
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é&%ﬁ con Eguré%?bn. %s é%sadvantageous in respect of the

manufacture of the beam deflector in that a spatially
structured electrode arrangement must be manufactured and
contacted on both sides of the plate of electro-optical
material.

According to a further aspect, the invention proceeds from a
beam deflector for deflecting a beam of 1light into two
spatial directions, comprising a plate of electro-optical
material disposed between a pair of electrode arrangements
and a pair of plano-parallel mirrors, the invention according
to this aspect being distinguished in that merely one of the
two electrode arrangements being spatially structured in
plate direction and the other electrode arrangement covering
substantially the entire area of the electro-optical material
effective for the incident light beam.

Here, the structured electrode arrangement comprises
preferably two sets of stripe electrodes, the stripe
electrodes of each set being juxtaposed in parallel to each
other and the directions of extension of the stripe
electrodes of different sets extending at an angle relative
to one another, in particular orthogonally, to each other.
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8 In order to be able to produce electric fields independently of each
other in the electro-optical material by nenas of the two sets of

el ectrodes, each one of the two sets of electrodes conprises active areas
which, projected to the mrror plane, ,are juxtaposed. Active areas of the
electrode sets are those areas where the el ectrodes of the el ectrode sets
do substantially not shield each other and thus act on the el ectro-optical
material. In the configuration where the el ectrode sets are provided as

stripe. ehgolaes c pnsl cuphl Vio thEoBLLL PSSO | Bocids LORGLLLSLIRLy
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of beam ectors’ i sTprovided such that a separate beam deflector is
all ocated to each termnal end and the Iight beamexiting fromthe
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said beam deflector can be driven such that at |least a part of the [|ight
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beam def b*eerbappubgt gachaldbhegoesitiottheir narrow areas. At least in
the areas of intersection, the intersecting electrodes are
electrically insulated from each other.

According to a further aspect, the invention proceeds from a
switching system for selectively coupling a plurality of
optical inputs with a plurality of optical outputs, wherein a
plurality of terminals comprising terminal ends for the
optical signals to emerge from or/and to enter as light beams
is provided, and the terminal ends are disposed spaced apart
from each other at predetermined positions and, furthermore,
a plurality of beam deflectors is provided such that a
separate beam deflector is allocated to each terminal end and
the light beam exiting from the terminal end allocated to the
beam deflector is directed to the same, and said beam
deflector can be driven such that at least a part of the
light beam directed thereto is directed into a selectable
direction in order to enter, possibly after further
deflections, at least one selected terminal end.

In this respect, the invention is distinguished in that the

beam deflector operates in reflection, i.e., the light beam
directed to the beam deflector substantially does not
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U.-1ANVELDER\ ZEI SS\ Z8581- DE18581 ENG. DOC 9 transmt the beam defl ector, but
rather, the nmajor part of the light beamdirected to the beam deflector is
returned or reflected by the same. As conpared to the conventional beam
defl ector operating in transm ssion, wherein an intensity of the
transmitted effective beamis reduced®due to reflection |osses which are
on principle unavoi dable, the systemaccording to the invention is

di stinguished in that substantially the entire intensity of the incident

i ght be Ls_availabl.e to the.beam .deflector alsq as effective beam
Lt Por CrEPRh SRS D el BRE1GGEE L BBEL SR Mo e TRRI e BPEEel
conpri setheat llightt beas divectedwtioc thies avamaripdd exttolr tikatretdrmgddt dxeam

ener gi ng Vi I t l ned term nal end can be directed by the beam
def | ect ofég?%ggfaegptggga% ermnal end to the mirror such that said

mrror directs said beamto a further beam deflector which is allocated to

the sele eoqnf,ra'al ' I oHIr gLibon t |4 y to
I mpi nge {/g\nét% su%?arﬁcfgl%?/ gg%l?ﬁ% ﬂ%frl%ntﬂ%%\?or?%g%%ﬁgrt %%ﬁifﬁgﬁhgﬁgf;mﬁi ch

they aret¥BNERLBFIONs aWheIELR faded-IREeRias aff t Fhe tvranmis

| osses agefeobsvéenalny ikedeaadetin dube toMdedliclE 1 onY ToRFesA WlEIdH @iarly
sinple confiquration of the beamdeflection via the mrror is attagined if
ef fecti v&mi F&Pcéﬁrrﬂ?acé@agfn §g}L8' i Ff‘Sr SYECEBsi ACEREGIPH spces Mot ween

adj acentinventioal iendiiarirbetisked tire thght shbatanei®l gy nghkr cmtainc:
entering; , ke cti [ N, I [} overal,J, | of
the ow L she ensIEY, of PeRETLLYEadne | I AE Hed® J SR TS ieng Bl

def | ect ofefhectar gi wapali seancefffeattiae: erbeaml afden o bhedridasingd t he
beam def heciosripheferably, a tel escope is positioned between the term nal

ends and the beam defl ectors, said tel escope

Advantageously, the switching system comprises at least one
mirror which is arranged such that a light beam emerging from
any predetermined terminal end can be directed by the beam
deflector allocated to said terminal end to the mirror such
that said mirror directs said beam to a further beam
deflector which is allocated to the selected terminal end.
This configuration enables the light beams to impinge with
substantially optimal orientation on the terminal end which
they are to enter. As a result, feed-in losses and thus
transmission losses are considerably reduced in the switching
system.

A particularly simple configuration of the beam deflection
via the mirror is attained if effective mirror surfaces of
said mirror are positioned in spaces Dbetween adjacent
terminal ends or between the light beams emerging from and
entering the same, respectively.

In order to reduce an overall length of the switching system,
at a given maximum deflection angle of the beam deflector and
a given distance of the terminal ends to be driven by the
beam deflector, preferably, a telescope is positioned between
the terminal ends and the beam deflectors, said telescope
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U: WNVELDERI ZEI SS\ Z8581- DE18581 ENG DOC 10 conprising at |east one objective
| ens through which all beans energing fromand entering term nal ends
extend. The telescope nay be a Keplerian tel escope, a Galilean tel escope
or any other type of telescope. Furthqprmre, it is advantageous to provide
a separate telescope for each beamdeflector in order for a beam dianeter
of the beamenerging fromthe exit end, optionally after collimation, to
be adjusted as optimally as possible to an effective dianmeter of the beam

def | ect f disti Lon, .t p [ |
Chrough CrRRleiis M PI8EeE et BILEEve (FedPOXEERSET hered Fidacope
t el escopeeampecdgsging pirom| #ng ebtesingcdweningli @ndsr exbePdecalldd

i ndi vi dueéias{zepé hapesl defgnldiandie1dsebpll €@ (daiiakahnhdieucpe

i ndi vi dual tel escopes. Anot her essential, though - not inevitable, aspect of
the  inveht By Pekercsyre ehdtelepqoPsyi de | ateral di mensions of the beam
deflectors larger than this would be actually necessary in terns of
manufactk‘urin i neering. I articular, a distance.b in the plane of the

en n y
olate of FUEFREYTOES ot i th! #at eACHPRLRERG AN R « RECESEM dBr | SERAF e
provi de Bepbasepshi for ofeddie nefdnecidedlkicgbt oin2xomdvar| dowt a bdesed ect ed

to be smgller, than_i s.indicated by the . b>k* 5* | f i

di mensi o "f‘?ilaeFﬁfeoIfs% sce{?%“(tj,ené? 1,31{}%" %Pénﬁrglr:nﬁ%ng&lgutegﬁf C yr]lr?gﬁaltlg
anot her afitput cohhimatios, | &e ded yadiwsitell. as Tntsineddactasi eosadbileultar |y
embodi eo'a%”gffé&‘&i&@i%ﬁéﬁ%ﬁ@f eg{léeﬁo%'aﬂl Ae¢hsbapee between adj acent

-termnal ends 1's snma an a stance between adj acent beam defl ectors.
In terns of nmanufacturing engineering, for exanple, the structure of the

U: | ANVELEER £5d Sph£8684- DE18584 i BAGI 6C dHe Siboed deatbrdliral nadesrapmngenent
coul d betfl%é&gerwgggﬂcgq.ll %eams extend is referred toc hereinbelow as
common telescope, whereas the plurality of telescopes, which
are allocated individually to the beam deflectors are

referred to hereinbelow as individual telescopes.

Another essential, though not inevitable, aspect of the
invention resides in that to provide lateral dimensions of
the beam deflectors larger than this would be actually
necessary in terms of manufacturing engineering. In
particular, a distance b in the plane of the plate of
electro-optical material along which the beam deflector can
provide a phase shift of the reflected light of 2r should not
be selected to be smaller than is indicated by the formula

If this dimensioning rule is observed, crosstalk from one
output channel to another output channel is largely avoided.

‘This aspect is particularly embodied in a switching system,
wherein a distance between adjacent terminal ends is smaller
than a distance between adjacent beam deflectors. In terms of

manufacturing engineering, for example, the structure of the
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size, in order to adjust the distance between adjacent beam deflectors to
t he di stance between adjacent term nal ends. However, in order to reduce
crosstal k between different output channels, the distance between adjacent
beam deflectors is selected to be larger than it would be necessary in
terms of manufacturing engi neering. However, the distance between adjacent
termnal ends is then not adjusted to the distance between the adjacent
beam defl ectors, but the distance between adjacent termnal ends is

reduced igtyic@Rfredt %1@&%%61 drendReyi ! @i e thed &l 86 dON-afide&y 0fn t he
beam defl.ectors and hus, the ovérall_Jength of the switchin system

Enbodi neftZSsf ihe ’F‘?ﬁ/’én’é‘?oﬁ éPétdé'%’&l%ﬁWef gatreendadigce r]%‘FEHbeI ow
with ref ereea@etb@sthﬁoaeﬁemrsﬂmeirwm awbae@nﬂ HeGurifial i ends cut

h ti tial f nbodi t t d t
he 1 nvelPPBRerE oife 9%ef Y adttaut® r sPaeAil: | BREEreR pRALESRtHbS of
a beam r eftprted abatheldeamtdef | edb.etadepend&ﬁweamonadjmentengbélarmf an
Nt dent B! 0k, ELOUEEed | 802 BUNCTRLLL, Tepigeeialigihiiq | sl T ating

a voltage pattern to be a to an €l eC ructur eam
def | ect oReSESPREYr 4Nl tfems sﬁt Fapudgciubdag gagiveering. Floueeen, the

schemat | aigkafiodl SgleckNadigRinde ilefiiga1olendtl QW @b it 48t idlea

el ectrode st%ectures or . déflecting beamin two_spatial ditections,

U: AANVEL BRREPE §35F855¢. Petysst Ehe B@a@nt FPRp ed%ﬂ%ctap%%méwﬁ i ghe
r epr esentidsitancef baemuere@ulatdj‘aaferftpp&e&maa.oléwsléoﬂaaaceaecitﬂ ostese ©f the

beam de Ie of Fi ure u e.6 es an_e I t

swntchln% s§§%§“ < 5%0 ot %1% ﬁ%ufﬁ %ngFii %%o%e?%% ?VQFHQHI QEeam
deflectors and, thus, the overall length of the sw1tch1ng
system.

Embodiments of the invention are described in further detail
hereinbelow with reference to the accompanying drawings,
wherein '

Figure 1 1is a cut schematic partial view of an embodiment of

a beam deflector according to the invention,

Figure 2 is a graphical representation of a phase curve of
a beam reflected at the beam deflector dependent
upon a wavelength of an incident beam of 1light,

Figure 3 is a schematic representation illustrating a
voltage pattern to be applied to an electrode
structure of the beam deflector of Figure 1 for
attaining a beam deflection,

Figure 4 is a schematic plan view of the beam deflector of

Pigure 1 illustrating electrode structures for
deflecting the beam in two spatial directiomns,
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coupling termnals for optical signals, Figure 7 is an illustrative
detailed representation of the switching systemof Figure 6, Figure 8 is a
schematic cross-sectional representation of a further enbodi ment of the
beam defl ector according to the invengjion, Figure 9 shows graphica
representations illustrating reflectivity curves of the beam defl ector of
Fig. 8 dependent upon the wavel ength of the incident beam Figure 10
shows graphi cal representations illustrating phase curves of the beam

refl ectegighnbhe beanm def| gehopac ol ELgvegchcdensndgst Jpan,Lhevanst engt

of the incCident beam Figure 11 ates an_ enbodi nent _of an el ectrode
structure accordi ng ¥BPLHERY nVEAERERST b0 dhscapdedtorades o khgurkearp

illustrates a furthegeenbedbrest mwiquaesw,tching systemaccording to the
invention, Figure 13 illustrates a still further enbodiment of a swtching

system according to the invention, and U | ANVELDER\ ZEI SS\ Z8581- DE18581
ENG DOC Figukegdre 1#ll1hétpdted eana enddddmentl o bgamwdetheaborsyaxdie

enpl oyed in the switchi systemaccgrding to  Figures 12 a 3. d
Figure 15 illustrat e%c'!é&\g%}‘%/%nt U8 de?ﬁ?’?’%ﬁlo epr“8§ent%etn]rdeocfj;t’s‘ﬁ%m% in
*Figure 7. A first enbodphing tofradsdamidef bpttioal 1shgwatai ng to the

invention is described with reference to Figures 1 to 4. The structure of

-the beam deflector 1 is that_ of an optical resonator or etalon, wherein a
pl ate 3 BfIBKFEc¥ro- obti @Bl ilhuserative sdetabinfe drastaneatatwenplafnd-lsar al | el

mrrors 5 and 7. Asgwefenigf dy:thel @ ridarel gctro-optical material is any

Figure 8 is a schematic cross-sectional representation of a
further embodiment of the beam deflector according
to the invention,

Figure 9 shows graphical representations illustrating
reflectivity curves of the beam deflector of Fig.
8 dependent upon the wavelength of the incident
beam,

?igure 10 shows graphical representations illustrating phase
curves of the beam reflected at the beam deflector
of Figure 8 dependent upon the wavelength of the
incident beam,

Figure 11 illustrates an embodiment of an electrode
structure according to the invention for a beam

deflector,

Figure 12 illustrates a further embodiment of a switching

system according to the invention,

Figure 13 illustrates a still further embodiment of a
switching system according to the invention, and
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material which has a distinct, i.e., technically utilizable,

el ectro-optical effect, i.e., a refractive index n of the electro-optical
material is variable by applying an electric field to said material. To
this end, it is in particular the so-called linear electro-optical effect
of the applied electric field strengtﬁ which is of interest here. The

el ectro-optical material selected for this enbodinent is |ithiumniobate
(Li No@®), for which a refractive index of n 2.3 is assuned, said

reflecti i.ndex ,bei i.ab y An.=_.5*10-4 by th | [cation ,of a
sui t abl eﬁgﬁg%tgr iXL% vo??%%%{% €1mgtb%utv aﬂ)ﬁn%logf t ]%%/%r&t ﬁSgEgcl&PFaﬁﬁeab%t a
di stance fromeach eomhbeoyed HI0 trhef swhtechivgy nmisystes Sacdorditgeeto whi ch

the plate 3 of el eck{g; LAl sty i s enbedded, the upper mrror 5 of
Fig. 1 facing towards %ﬁpéi)%c%eant Il%dh%hgeam 9 has a lower reflectivity

than the lower mrror 7 facing away fromthe |ight beamin respect of the

pl ate 3. FilglABIMEE DER ZRESSSSAGSS81- DE18584 BNG+DOC Jé EagheM rrgle 5514a1 S
highly reflective and provided with |ow self-absorption in that a
plurality of |ayers 4¥¥aspRjatign, shomp dnnBLgural 7with different
refractive indices are alternately |am nated onto each other. In the
present enbodinent, titaniumoxide (TiO, for which a refractive index nH
= 2.20 is assuned, is used as material for the layers 11 with a high
refractife fimsdx emdodinemnodxialebésn 0Apfliotorwli cceordingctbvechendex nlL

= 148 | $paaSuiBe 1) SaUSAel i AR AS W khog Low refract ive index.

The nunber of alternately arranged |ayers e upper - "mrror 5is
smal l er than the nunber of layers 11, 13 which the lower mrror 7 is

conpri sethef stgacthiab Ure diavsledil Id&¥1eckdias: aihi ghgt el leCtdt fantt han
t he upper_mrror rticular, ,the residual transmssivities, of  the

5. In g
two mirroPeeRatoy ok ¢ eF @?Jnst PREERIRE rBnPAER ot hef tHACHRIEBEIER) ni mum

material is arranged between two plano-parallel mirrors 5 and
7. As referred to herein, an electro-optical material is any
material which has a distinct, i.e., technically utilizable,
electro-optical effect, i.e., a refractive index n of the
electro-optical material is variable by applying an electric
field to said material. To this end, it is in particular the
so-called 1linear electro-optical effect of the applied
electric field strength which is of interest here.

The electro-optical material selected for this embodiment is
lithium niobate (LiNbO;}, for which a refractive index of n =
2.3 is assumed, said reflective index being variable by An =
5x107* by the application of a suitable electric voltage of
about 400 Volt to electrodes arranged at a distance from each
other of 100 um.

Of the two mirrors 5, 7, between which the plate 3 of
electro-optical material is embedded, the upper mirror 5 of
Fig. 1 facing towards an incident light beam 9 has a lower
reflectivity than the lower mirror 7 facing away from the
light beam in respect of the plate 3.
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intensity proportion 15 of the incident beam 9 passes through the etalon 1
in transm ssion and the najor intensity of the deflected beam 17 is
reflected by the etalon 1. In respect of the high quality of the resonator,
the layers 11, 13 of dielectric nater&al have a thickness dl and d2,
respectively, which corresponds to a fourth of the wavelength ? of the

I nci dent beam 9 in the respective dielectric material of the |ayer.
Equally in respect of the high quality of the resonator, a thickness D of

t he pl at of, . r0- opt i cak. . ri .Sy +8d] e : I h 2.
of the iﬁg}gaefr[\ntl@ggglm% |0fn) %‘%e!hlgﬁ ggt kr%k %8? F%gg %gl?eg)lrtg?’.l hgge}eg%g’blei;}g&t he
t hi cknes§ebf-gheprpréenonian othele &omivrad iDy= @f2 Yayersandlh. =132jefl) /4 *
A, wher gig) 8ctiSct N venel ngiik pof dif‘fei‘&?& deie, ek 188ices are

d k s a natural number o

electro-ogtical materi al an nmore than 0. 1n this

respect , 2oRETBRLEHE t hBMEBARARacOPEOserBEed OtEgER t ARt pdit | RreRas which
repeat edepbedifehe] e ticddiunt): ANMELDER EF, | 3917881 chE\ 858l SNGHIFe 15
resonator forned by, the mrrors éand 7 igterfere MtﬂoﬁaCh other in a
const r uctPOEX BRI - A &t ASEWIeS dd Bc 4ReBe 28 pPrT et ahoteY i Uit depdident, to
the el etlrweibhpt aclighntrefiraktivhy indarsani Sibispat bRidy (SioOUGt Ufed

el ect r 0dgr 315 AR0RTRAL 3 Do OfJEL, 10 Shange. 5 .POgL Ly on- depandenta, i h,
refractive Irndex n o e electro-" opfical "materralr 3. 7An upper ‘el 6t r ode
arrangendayers 138 withpaskew orefitrctuprserindies.or 5 and conprises a plurality
of parallel and spaced apart stripe electrodes 21. The second el ectrode

arrangenent 23 js nounted to the lower mrror 7 below the sane and
|i kew seTRSnPHIBeE gfppbFarrelely daranged lawrrsspdoed 3 tthe YRRer
el ectr odasr2or ( seeid i guaElsy . thas tHer efinbRAs off EBxyensi on, ofist RehidH i pe

i rrors Ehe JoRE8, BRETOE Todan P RLE gt - oBRoR PRy (el P THEEOT ©
7 has a higher reflectivity than the upper mirror 5. In
particular, the residual transmissivities of the two mirrors
5, 7 differ so strongly from each other that merely a minimum
intensity proportion 15 of the incident beam 9 passes through
the etalon 1 in transmission and the major intensity of the
deflected beam 17 is reflected by the etalon 1.

In respect of the high quality of the resonator, the layers
11, 13 of dielectric material have a thickness dl and d2,
respectively, which corresponds to a fourth of the wavelength
A of the incident beam 9 in the respective dielectric
material of the layer.

Equally in respect of the high quality of the resonator, a
thickness D of the plate 3 of electro-optical material is
adjusted to the wavelength A of the incident beam 9 in the
electro-optical material. Preferably, the thickness D
satisfies one of the formulae D = k/2 * A and D.= (2k-1)/4 *
A, wherein A is the wavelength of the incident beam in the
electro-optical material and k is a natural number of more
than 0. In this respect, one of the two formulae is selected
such that partial beams which repeatedly circulate in the

UAANMELDER\ZEISS\Z8581-DEV8581ENG.DOC



defl ected beam 17 to be deflected into two spatial directions by neans of
the beam deflector 1, as it is described hereinbelow First, be it assuned
that a substantially honbgeneous electric field is applied to the entire
plate 3 of electro- optical material vja the el ectrode arrangenents 19 and
23 in order to change the refractive 1 ndex of the el ectro-optical

material. Since, as described above, substantially the entire intensity of
the incident beam9 is reflected into the exiting beam 17, the

(o Lect Fobnstothecshakonyt b s eig £1alTgd LARMELAROLADE |

di f f er enPthert fB ﬁhﬁ%’és’j%‘s@ﬂ‘(ﬁ] e refl ected beam 17 is examined in
respect of the incident beam 9 dependent upon the wavel ength ? of the

i nci dent _beam 9. hi cal representatlon of . these phase curves i s shown
in Fi gurgP Eﬂ A I%RZ‘Z‘E&S 5873wl igthgspes Epxtensndsaiier bR t4Re point s

represenékdcbyot—hpti@élermé(teﬁﬂa![:ate the, pheses cupre \wen télfatlally
electro @h t eri,al is not subjected to an el ect i.,el d, and
Fabftr meRh

wher ei n p0| n 3or Sasit gﬁdﬁy A EPEETCRGPcat’® ¢ nRE ?Pésetcﬁ’ur VERRESY t he
ref ract i pesibiier-dépehdent ecthe- amfimalt ivet einddx 3ni of | bheeaskbino-t he
appl i cat a ondi n te 0 + An =
2. 31. (F% ele%%tfggﬁﬁg‘ ergta%%¥n3§&%ﬁba€%%£%§%é% Q%ggggﬁggte%gfgr An. In
pract i cedispogedy gnyddearwrnapl iskran § handcgnwnrasweay Plowalisit &fes are

suf fi ci epara 0181 0duee dhecdLuspbsed @heghel Celédt%ﬁe%t rengt By Hidigpi cted
phase Cur%??é’é" btained if four_ double-Tayers of i1icon oxide and

titaniunf eagﬁﬁ‘F‘@?@&nFor % hésuﬁ‘r?é‘lntel‘ﬁ r¥dr tbe AP haliRges 7
t hi cknesbelibw=tH2@ sané4andf likewlosecompiidedy o pluredinft o wiraldel

double-lg%gr%ﬁgEégléﬁg@t %glpe electrodes 25 (see Figure 4). The
directions of extension of the stripe electrodes 21 and 25,
in projection to the plane of the plano-parallel mirrors 5,
7, extend orthogonally to each other in order for the
deflected beam 17 to be deflected into two spatial directions
by means of the beam deflector 1, as it is described
hereinbelow.

First, be it assumed that a substantially homogeneous
electric field is applied to the entire plate 3 of electro-
optical material via the electrode arrangements 19 and 23 in
order to change the refractive index of the electro-optical
material.

Since, as described above, substantially the entire intensity
of the incident beam 9 is reflected into the exiting beam 17,
the reflectivity of the etalon 1, when being examined
dependent upon the wavelength A, deviates only slightly from
a 100% reflectivity R.

This is different if the phaée position of the reflected beam
17 is examined in respect of the incident beam 9 dependent
upon the wavelength A of the incident beam 9. A graphical
representation of these phase curves is shown in Figure 2,
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and titanium oxi de, each having a thickness of dl = d2 = X4 and if the
plate of electro-optical material has a thickness D = 14.5X. The beam
deflector is provided in respect of a predeterm ned wavel ength (design
quality) Xo = 1.55 msuch that, when ng electric field is applied, the
phase difference between incident beam9 and reflected beam 17 is 0. If an
electric field is applied such that the refractive index of the

el ectro-optical material 3 changes by An = 0.01 at this wavel ength Xo, a

phase di {herengetat wﬁtsl-felgﬁeé@xﬁw% DL WeepLéPCikdghlyiand o aliect ed

wave, as gt Is evident from gure 2. If stronger electri¢c fields are

appl i ed, PAR88 FErGRer Witkse ter f etefcer-omtical baasegdadedit| nlal Mok t h
the dessubbedtedal a 1, aht islgmssidl efie1fi| eelandd] whbréhe phasints

rel ati on_bet ween tge I nci dengabeam , and thgsexiti ng beam 17 _ at the design

qual ity SEPToverteds Y FAFFLESorIRHSGALS « thE whaSS | FUEVGurEhan FhRve
front ofréheactiveeninieam 8fhatheg eArictredophécalal eatériali ndi cateed by a

i ne 27 ' -\ . ZEL SS\ 78581 - 8581 ENG. 17 rallel to
Lhoom 1o CREERERO8 W A AT ERL I 00 s Dty Pt B e, |
i ndi cat eBie}darfzomowm 26. An3el éutrinc vol Amge= p&.Bér.n i(Bompphi debtteent he
el ect 1 odgnaskEtiehdify 23 4 hrRligl tBe s§répe WlPLCLLAMREeq3 £5A! dhpat tgf N

havi ng, position-dependent, a sawt oo shape 1n an x- direction transverse
to the dPFREE1eR olOBRY eWailuaSofTEhaPPILefpece tdats sapaamtivelyedinvhse to

the vol togecagdp! ik FuiFasikhen- depandnicehange pglhiheed efdatddi@ | ndex
S produj(::ed In the el ectro-optical nmedium 3, which is thus |ikew se of
sawt oot hESHEDeSF P39 rlecti on. Here, a difference between the | owest
voltage O applied to the el ectrodes 25 and the highest voltage U, , ax

appl i ed 4.t %E&@&égé’&?ée'éﬁf%efé e&ot%asn% ti"f?‘t;&l}e &o%n]eesﬂ%g%r‘lg Jghange
of the refractive index n o e electro-optical Taterial causes a phase
shift of8ikicon oxide and titanium oxide are employed for the upper
mirror 5, each having a thickness dl = d2 = A/4, if the lower
mirror 7 is comprised of 16 double-layers of silicon oxide
and titanium oxide, each having a thickness of dl = d2 = A/4
and if the plate of electro-optical material has a thickness

D = 14.5A.

The beam deflector is provided in respect of a predetermined
wavelength (design quality) A, = 1.55 um such that, when no
electric field is applied, the phase difference between
incident beam 9 and reflected beam 17 is 0. If an electric
field 4is applied such that the refractive index of the
electro-optical material 3 changes by An = 0.01 at this
wavelength 24,, a phase difference of about 1.4 is produced
between incident and reflected wave, as it is evident from
Figure 2. If stronger electric fields are applied, also
larger phase differences A9 can be produced. In all, with the
described etalon 1, it is possible to freely adjust the phase
relation between the incident beam 9 and the exiting beam 17
at the design quality i, over a full period of from -m to +m.

In Figure 3, a wave front of the incident beam 9 having
entered the etalon 1 is indicated by a line 27 extending
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refl ected beam 17 of al nost 27t. Accordingly, the wave front 27 which was
initially oriented in mrror direction adjusts itself obliquely in the
resonator, as it is indicated in Figure 3 by lines 31, a phase junp of 2n
occurring fromone Iline 31 to the next one. As a result of the tilt of the
wave fronts 31, the direction of propagation of the wave in the resonator
3 no longer extends orthogonally to the mrror surfaces 5 and 7, but

| i kewi se obliquely thereto, as it is indicated by arrows 33 in Figure 3.

The direghighighl the tpgam; gi-ng t Q:q? e ' hen
accordi n§| y . defl ect é:lgl%i nrﬂlégyirr%gg’i _odrqf rater{%trgi v(gﬁfo rBerpdéilr gé%%argao%f?r%e

i nci dent Ohekhpoware fronk 2Vi HentndicnhachdyapoverdewcPption, the etal on 1
constitutes a phase grating for the incident beam 9 which, when the

applied yal tages exhi bit, position-dependent, the sawtooth shape,
constituf®s § e‘BFﬁ’z‘éd"V‘i;tffgiﬁ gPAtEREM W & h 2RHE5% s tPi ghtet elnctddect ed
in wel | - stradtmeanes itHmmugl eclod esvi-figdl spatbtabddsr 26t i @asd pattern

U: VKNVEL 1SS -DE18581 . ENG DOC 18 f voltages are_now applied,
posi ti on- .epéﬁdenp%égg;f)ﬁgéeg?ﬁi%%’eI edtr 88‘@@0‘2‘1%1‘ StARC el &Btr 8 *-
arrangendares¢dion \wtdnsvense stposdiebl ditectdedd eof tdwtdredmml b itthe
Y-di rect P4 nEl O0»kndirca Lstan b I ' .t eam
def | ect o?egfﬁfoggsgggga%iﬁagg'sﬁ:ﬁf :I%%Pg?%% Eﬁn%ﬁﬁevgﬁt\%g’%ﬁ;\%?%aﬁeewe(bﬁ ed by
Fig. 3, Bafytlengierendent cclrrgs b the wefitactisfe clisied g amduastes 25.

The shor ifasttHee gl dctrtdgtinahl eneddiddd 8 hi gn2eamidef {ged of kew@ELeHRONdS to

doubl e t he di Stﬁ‘ncﬁ between_two sfiripe_electrodes 25 if the el ectrode
arr angenBRP-C95" ENFPE LR XudhreRtton hdRit 1 Ayt iFersndgndetyeen the
al t er nat #byeapplvaEtdge r @specippieaall] aeenthst rdlpetalodelsr 0g8S.and t tke now

ol oot r odi B | SRHEHE M AR L, Mo R S L2 Bt o I b de a

phase graefhgthati theacorirelponding change of the refractive index n
of the electro-optical material causes a phase shift of the
reflected beam 17 of almost 2r. Accordingly, the wave front
27 which was initially oriented in mirror direction adjusts
itself obliquely in the resonator, as it is indicated in
Figure 3 by lines 31, a phase jump of 2n occurring from one
line 31 to the next one. As a result of the tilt of the wave
fronts 31, the direction of propagation of the wave in the
resonator 3 no longer extends orthogonally to the mirror
surfaces 5 and 7, but likewise obliquely thereto, as it is
indicated by arrows 33 in Figure 3. The direction of the beam
17 emerging from the beam deflector 1 ie then accordingly
deflected in x-direction relative to the direction of the
incident beam 9.

As it is evident from the above description, the etalon 1
constitutes a phase grating for the incident beam 9 which,
when the applied voltages exhibit, position-dependent, the
sawtooth shape, constitutes a "blazed" phase grating which
enables light to be deflected in well-aimed manner into
predetermined spatial directions.
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hi gher grating period and, as a result, higher maxi num deflection angles,
whi ch woul d be possible in the described enbodinent in terns of
manuf act uri ng engi neering. However, a guided and targeted deflection of
the incident beam9 is attained with high quality if a mninumvalue b
realized by the drive node is higher than A/* 5* 1 2 (n*An) In order to
obtain a nore profound understanding of the operation of the el ectrode
arrangenents 19 and 23, reference can be taken to US patent no. 4,639,091,

the full r¢i s¢ho o] [ I Syqd or ej erepgce. e beam
defl ect or iLIus?Egﬁgd %ﬁggiﬁ€Ve§?h%§§£ﬁe iﬁﬁﬂﬁPS%tgggg¥d%§é’exgﬁplga@in
that theShFAPE 8$ipstzpdes;dh of Ehenplarhrodat arnandringit al9 as seelhbl e

manner atid tiBeposslibléet tot BEFIEEF OFise i a4 € nl #TAREEH18A .t he
respective sides of the plate by vapor deposition and, finally, the

U: \ ANVELDERRZEI SS\ Z8581- DEt 8581 ENG DOC 19 el ectrode arrangenents 19 and 23
are attafligdren 3t helsor iadscabednd HidtesReCtt VehYondi gUABhS the dbamghenatic
represen | n_electronic circuit,suitable for applyjng voltage

patt er ns&g%h‘fg\%gLeﬁe(ﬁrrog&éiegr raan%lﬁt%%t%l?lé cﬂgi AEt ugpné:%& :‘rg{’iepemo‘z?eg

el ect rodgsflerhedr dor Rig.defl esaidinlengtilebt coirgktpbadm ®oi rthe ditdidii on

as well 8g ien Yeligeclioneaids 325 di iher elr28aL! Alonglir 4011008 10
circuit conprises a | owvoltage part , | al out, For exanple, 1

t echnol ofytRathigl begw defilgrtoyolt agerpapendy. toadeulke dehe edibstanrdi ng a

desired bdewbest tab dtiepbi BNecBr83SET 28 LY £8@Uallot ¥bde MMridiidmaily NtO
a shift gglster 41 and transferred in parallel fromthe _s 0 an

ame
address fagi ¢fer FZVER ¢S i At CfBend RLtE98S cOmdd i (HRRX LR ng,
i n addi t adherpaveldedppbiefihits rpappostve Fadidesmresrige €lectitddepnpri ses

tWo MeMOEte3s now conceivable, by reduction of the distance between
adjacent stripe electrodes 25, to also reduce the minimum
distance b and to thus provide a phase grating having a still
higher grating period and, as a result, higher maximum
deflection angles, which would be possible in the described
embodiment in terms of manufacturing engineering. However, a
guided and targeted deflection of the incident beam 9 is
attained with high quality if a minimum value b realized by
the drive mode is higher than

w2

In order to obtain a more profound understanding of the
operation of the electrode arrangements 19 and 23, reference
can be taken to US patent no. 4,639,091, the full disclosure
of which is incorporated herein by reference.

The beam deflector illustrated in Figure 1 can be
manufactured, for example, in that the plate 3 is cut from a
lithium niobate monocrystal in suitable manner and then,
first, the mirrors 5 and 7 are laminated on the respective
sides of the plate by vapor deposition and, finally, the
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desi gnated MEMX and MEMY in which voltage patterns for voltages to be
applied to the stripe electrodes 25 and 21 are stored in order for a beam
deflection into.the desired spatial directions to be perfornmed. The
encoding of the words read-in into thg shift register 41 is selected such
that it can be directly used via the address register 42 to respectively
address the correspondi ng voltage pattern in the nenories MEMX and MEMY.
The addressed voltage patterns are then supplied fromthe nenories MEMX
and NEwenecéﬂoaégatr%hn Eﬁeﬁ@@l 29 SHar 98! GANRRLRNS B AWM R e

aIIocated to each el ec?ro de 21, 25, a current to lines 41 connecteégto t he
hi gh- vol Pag® partréﬁpﬁﬁ%+%e%ﬁe supplled currents are respectively
converted into a corresponding hi gh voltage between 0 and 400 volt by
nmeans of tranS|s$ors resjstors R and then supplied to termnals 43

for the Fr&¥p&ct?vetSt A pé’cBFQEHSde%e%S%atlé@F’th R R
referencelscgmtBSsdéSagmete§oa bm@@lyyﬁgtageltagethpattanﬁbstmbs awb

1 e Lar oEr R, 82 I0RbERceT BREALRo3 e BB Bt et i Do

above cabnberdspl dredieflmct examnpheidént alight cheay 9y srem-fdirresdlient i vel y
couplinggg WeqﬁM|éé/cqnlngu&§r§g€ t pp S, f 0B 40Pty %r%hgnm%}éﬁyéyl are,

for exanple, input and output vi I ght conductors. An exanpl

swi t chi n61§9§‘%é%1$ or TB@| €2¥ YLt ycouRiptSary @ okw -t L thidse Pa &N P 5oy ilivg %
convent i engl lzeﬁm éﬁéﬂnﬁméor iS cMbSClestdonBgldS Rat ept110.4s0, 631682, the

full disclosure of ich is_incorporated herern by reference._ Figures 6
and 7 sch® ?%aIP?rEhoﬁﬁparP?EF vi Sof &3CBrhSACRERPI0f & h&lesiitachi ng
syst em 5defitect tiomgdipetbbon| nueat sepiaRlypl veadiiy, obiaphhcdnphitbesTs 53-1,
53-2, 53; 3.4.:epn t m nal s- for optical al f e
SW tchl ngété?/s? ﬁqﬁ%ﬁg %é%%%%rtgfn’%ﬁéltrmﬁf Cf Jt%é)afraé‘ %g from ttkﬂe

same to an address register 42, a clock input CL and a load

command input LD being, in addition, provided for this
purpose. Furthermore, the circuit comprises two memories
designated MEMX and MEMY in which voltage patterns for
voltages to be applied to the stripe electrodes 25 and 21 are
stored in order for a beam deflection into the desired
spatial directions to be performed. The encoding of the words
read-in into the shift register 41 is selected such that it
can be directly wused via the address register 42 to
respectively address the corresponding voltage pattern in the
memories MEMX and MEMY. The addressed voltage patterns are
then supplied from the memories MEMX and MEMY to 64 digital-
to-analog current converters which supply, allocated to each
electrode 21, 25, a current to lines 41 connected to the
high-voltage part 37 where the supplied currents are
respectively converted into a corregponding high voltage
between 0 and 400 volt by means of transistors T and
resistors R and then supplied to terminals 43 for the
respective stripe electrodes 21, 25.

Further, in PFigure 5, reference sign BS designates a bias

voltage for the transistors and reference sign HV designates
a terminal for supplying the high-voltage.
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53 are arranged as a two-dinensional field with equal grating distance e
In x-direction and y-direction. To this end, a support for the fiber ends
is provided, which is not shown in the draw ngs, said support also hol ding
a plurality of collimator |enses 57 sych that a lens 57 is positioned in
front of each fiber end 55 in order for the light emerging fromthe fiber
end 55 to be collimated as parallel beam9 and, respectively, to feed a
paral |l el beam 17 inpinging on the lens 57 into the corresponding fiber 53.
A separate beam deflector 1-1, 1-2, 1-3, 1-4 is allocated to each term nal
53-1, 53-2, 53-3, 53-4 such that a field of beamdeflectors 1 is

posi ti onéBespaeB Hnfrkegtaym drecribed ahnrwre 5Taduchet nembbeved, 9 T4 ting

from t heekhliple pNdih 58 dwiRidiER i s@stdy 2Bra CAIBORIIRLT Qbudi dhgogated to
the sane, ., A ﬂlgéeégg S di sposed between the field of fiber_ends 55 and
col | i mat BFUF&h% angPYHE AR PP YT | ERForPHiCHler fERRLEI U t he

beﬁm dib'rerei oﬁoandampdfeic,seis@iﬁﬂ agncﬁlouﬂ:pbxktewsa spaaed rc]:@mmxﬁtbfr@m gach

ot her by | st apce_e for e beans 9, 17 to s therethrough.. A
surface %%Qﬁo? il%heg%: VRIVEE BERE 2 EI S 519880 %%8150%%12’1 ﬁoé&g‘lé’@faci ng
t owar ds ohei¢dk| Eidfedseanmddbyingores tonsenvional edbeaki gdefléctdt usitsr ates a
switch situaisolg ot ' i , rednqt ptical
termnal 53-1 g?d'g%rel E’Ei g\#rtteaﬁies?%(iu%l&%g?q’ggéi‘ n\[‘;'/il}t8 %atlh%éaﬁgm{%% (Sgp i cal

t er mi nal Yhsgh1igfineermmprated heredm put referents-end, the el ectrode
structure of the upper beamdeflector 1-1 of Figure 6 is driven such that

t he beam,9 energi ng fré)m t he optical hngut 53-1 is reflected, as beam 17",
t hrough SUEWEER ahgl@ 9 hat SHERELCaLLEd BRA MarEidt ngeYh e Mirrored
surface é8bodiméte phéit eclnd swdltchial | byk8emi 51 uraweswfimet e aszHeeam 9'

Py e SEAeARH) AT, 1 LEEcBay sttt oo i ¢ 8.l @S 6 which
53-4 constitute the terminals for optical signals of the
switching system 51, wherein terminal ends 55 of the fibers
53 are arranged as a two-dimensional field with equal grating
distance e in x-direction and y-direction. To this end, a
support for the fiber ends is provided, which is not shown in
the drawings, said support also holding a plurality of
collimator lenses 57 such that a lens 57 is positioned in
front of each fiber end 55 in order for the light emerging
from the fiber end 55 to be collimated as parallel beam 9
and, respectively, to feed a parallel beam 17 impinging on

the lens 57 into the corresponding fiber 53.

A separate beam deflector 1-1, 1-2, 1-3, 1-4 is allocated to
each terminal 53-1, 53-2, 53-3, 53-4 such that a field of
beam deflectors 1 is positioned sgpaced apart from the fiber
ends 55 such that beams 9 exiting from the fiber ends 55
impinge directly on a beam deflector 1 allocated to the same.

A plate 59 is disposed between the field of fiber ends 55 and
collimator lenses 57 and the field ‘of deflectors 1
perpendicular to the beam direction and comprises holes 61
likewise spaced apart from each other by the distance e for
the beams 9, 17 to pass therethrough. A surface 63 of the
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| ower beam deflector 1-4 is driven here such that the beam 9" incident
thereupon is reflected into the beam 17 which is fed into the optical

out put 53-4. Thus, the fiber 53-1 is, as optical input, coupled to or
connected with the fiber 53-4, as optjcal output. However, it is also
possible to couple the fiber 53-1, as optical input, with the fiber 53-2,
as optical output, in that the deflector i-i is driven such that the beam
17" reflected by said beamdeflector is directed to the mrror surface 63

such tha?lh@‘é Q@ng J.ﬁ%f lt%%?ﬁsbxzﬂehefféicﬁo £ PUHACE é?% ggs h the

beam deflTector 1- hen, 1Tn turn, TS rlven Such e beam 9'
i mpi ngi n@’%ﬁ@F@@n is fed into the fiber 53- 2, as optical output. It is
thus possible to couple a plurality of termnals 53 of the sw tching

system 5 |n fre ely el ectabl e manner in that the beamdeflectors 1
al l ocat ed™ ?he té#ﬁ#ﬁ&F?tFB R RGESPeds P e ERR offi abRey HAERHLI n the
enbodi nesysteowWEl,N Fhevets &handupher nop@ﬂd&@ll @ermif¥er Y535ac08d ttafdni nal

53 d UAAN El SS\ 78581 - 581 ENG. DOC
> | SenoniullFf 38 SRR AR nbusy MU CIAPYET GHAIGEY Auinals

| I | ustr abBveél yvfshbhm FigEirgur es7, oubputel nTbhetlpmslémd)nsthé dlee-ttrerxdd nal s

53 used gerQBLhfal JAPLAS Hpd @%&&?”h@% 2acoR! ack ChECIAMAN fhae

pOSI ti ons of e termna used as I ca put S are epresen
white cifELESE ByGBy&hat] tthes heaw %ogmebgengofn@e sher pptdeailndinms i nput

or outpus3-g@s 1@e%ﬂ%té‘aﬂt£§rbeaﬁl hg r1al $9RA%S bAL?cﬁ Oanpaﬁgme t@ifef erent
or nodifj g g%ﬁr%nce et ween a djacent termndl, ends.  An illTustrating
S

exanpl e FFed| PSR hbhn 1TRiNg]E o the, mirrarsd sHufgeey 48 &%t s of
t he enbo’dhmapﬂ.atef SthesudinwsHat oit stwwnin nchi-gyr eefleéed agebdamcrobed.

Componens (il gl SRS 'dh SHEECL UG0S 200 UASE 8859 Lhgoeof
Figure 6 which is allocated to the optical output 53-4. The
lower beam deflector 1-4 is driven here such that the beam 9°'
incident thereupon is reflected into the beam 17 which is fed
into the optical output 53-4. Thue, the fiber 53-1 is, as
optical input, coupled to or connected with the fiber 53-4,
as optical output.

However, it is also possible to couple the fiber 53-1, as
optical input, with the fiber 53-2, as optical output, in
that the deflector 1-1 is driven such that the beam 17°'
reflected by said beam deflector is directed to the mirror
surface 63 such that the beam 9' reflected by the mirror
surface 63 impinges on the beam deflector 1-2 which then, in
turn, is driven such that the beam 9' impinging thereon is
fed into the fiber 53-2, as optical output.

It is thus possible to couple a plurality of terminals 53 of
the switching system 51 in freely selectable manner in that
the beam deflectors 1 allocated to the terminals to be
coupled are appropriately driven.

In the embodiment shown in Figures 6 and 7, in operation,

every sgecond terminal 53 is provided as input and every
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Figures 1 to 7 are designated by the sanme reference nunerals, for the

pur pose of distinction, however, supplenented by an additional letter. For
the purpose of illustration, reference is nade to the entire above
description. Figure 8 schematically shgws a beam defl ector |a provided as
doubl e-resonator or double-etalon structure. Simlar to the etalon shown
in Figure 1, the deflector |a conprises a highly reflective upper mrror
5a conprised of layers of dielectric materials which faces towards an

i nci dent 9 I : ] there is. provided a nlate 3a nmade
of el ect F %-‘é?ght ?Egggéﬁg%g} %%ﬁﬁ?g%el ?gn Ere%lé% e‘?hae”db%l%ti% by *Yurt her
mrror 7&SwhildnstyakinehwsehewnpinsEdgete a7 pl wheteily thed pegitiond of

di el ect r theMtedlidlal SEPWIEBE He Qe iidh1 { DEEE L SaReSGaYI RIRLY 7y Of

el ectro- igtlcal, mat eri al . and, bel ow the second gl ate 717 there 1s

provi dedPEflr CHECLREr B 72he | RSt Sononpf | 5ke' termanapeupal jusedias ayer s
of di el eeptiicallbbetpatshave ngeghddaitand ad efidet kyeciadi ces.

U: \ ANVELDER\ ZEI SS\ Z8581- DE\ 8581 ENG DOC 23 The nunber of |ayers of

dielectric material of the lower mrror 73 is higher than the
corr espoHdwaygenunter ief dlmo pesdilble ntor ase7aveliyClierminklr ms i Sagutgher

t han the urq;'% f djel A ayers.qf the.uppe lL.rror_ba, . ordingly, |
t he upp(e)r9 p.at%utg'{;l 0 eﬁgé{lég?%bt %:lgﬁt%r?é‘{'er%gl JTés e@r}gposggs?ﬁégg rteésonator
formed bprewédewodif fevert 5omndotk filleidc hdiistahcesovieetwren i tadidrentan

optical tesRRALer chaLMeAnbY 11 h8tFht Ry Sexglgpfé'rdig Sodientt GIhiE diWR{ Plate

71 of electro-optical material is enctlosed. The entire structure
consi sti hf Bt9tht>nmirrors 5a, 7a and 73 as well as of the plates 3a and 71
of electro-optical material is enclosed between el ectrode arrangenents 19a

o0 e SR BB S Sh IRl el e R L e
invention shown in Figures 1 to 7 are described. Components
which are equivalent in structure and function to those of
Figures 1 to 7 are designated by the same reference numerals,
for the purpose of distinction, however, supplemented by an
additional letter. For the purpose of illustration, reference
is made to the entire above description.

Figure 8 schematically shows a beam deflector la provided as
double-resonator or double-etalon structure. Similar to the
etalon shown in Figure 1, the deflector la comprises a highly
reflective upper mirror 5a comprised of layers of dielectric
materials which faces towards an incident beam 9a. Below the
mirror 5a, there is provided a plate 3a made of electro-
optical material which is delimited at the bottom by a
further mirror 7a which is likewise comprised of a plurality
of layers of dielectric material.

Below the mirror 7a, there is a second plate 71 of electro-
optical material and, below the second plate 71, there is
provided a further wmirror 73 likewise comprised of a
plurality of layers of dielectric material having different
refractive indices.
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I's substantially higher than that of the respective front mrrors, here,
too, the major part of the intensity of the incident beam9a is reflected
as beam 17a. Figure 9 illustrates the dependency of the reflectivity of
the structure shown in Fig. 8 on the vel ength X. The curve marked by
crosses reflects the curve for a structure wherein the mrror 5ais
conprised of 8 layers, the mrror 7a is conprised of 12 |ayers and the
mrror 73 is conprised of 22 layers. The curve narked by circles reflects

t he curvengor r u rej LLror Sa.is.conmprised of, 6 |ayers,
the mrror 7%‘%‘%%{?&%%%%% g#aégg%%%%l?h a'ﬁ"neirf’%? f# i ggecojrﬁvf‘?léed of
22 | ayer #ITYRE c(} vésmakkakepy thea | the ecorrespbhdihg trvenker veff arhen
struct ur eewBes®i it ri7d Ofhf& | SinC i s ' a , Hhe m 7ais
conprisedeof,G Ialéns and t&?@ﬁr}%reggﬁis?go%%gﬁ§%d¥§%§2f%%négégégt was
found th8f PhelpFtHrirr daversorfnEhesupher reireer | %a t Yoterdinglanel shei gh.

Accor di ngpperwplateuEh ao£0BlEgHESL bt cAll PRASE S T {5 0bnARLEeat AN L7C can
al so be %é%#g%ﬁd mk%§§¥g¥gﬁeng%hs whi ch, di ffer ) .

U. | ANIVEL 55 ODEYB589€ ENHCDE P4 o t RBAdIS gihighl ey 90,

whi ch i slpweri quadity thani apoopadesl Wrédomatid:eVEdindd@rylafHeeali a9 the
beamin athal, di tons. Figure 1Q is epresentation

corr espo%%?r?grﬁfoy?hajfrgo%ﬁg%g. r}:}e o?‘gY"ﬁJé A&E S’(#fé’Fen CHAWI 57 dent
and exi t"agepeam iorenchesedal on structure of Fig. 8, the mrrors 5a, 7a
and 73 being conprised of 6, 8 and 22 | ayers, respectively, the thickness

of the plates 3a and 71 being 14.52, and 10.5,, respectively. The main
di f f er entBepERRRER Bh&Ustarencensipling afdthpgmigroreshdes 7ananidat?3 in t he

beam defaectwslla 08 B tBe bplhresesnnalRiss gan SACh XS uPa dA the

entie PRRSErfl] " 8LCNGRa il Bl BOASS S Ll L S0Se A 21hs SOd M

phase gemen
23a. As in the etalon structure 1la, the rear mirrors of the
two resonators are also provided to have a reflectivity which
is substantially higher than that of the respective front
mirrors, here, too, the major part of the intensity of the
incident beam 9a is reflected as beam 17a. Figure 9
illustrates the dependency of the vreflectivity of the
structure shown in Fig. 8 on the wavelength A. The curve
marked by crosses reflectes the curve for a structure wherein
the mirror 5a is comprised of 8 layers, the mirror 7a is
comprised of 12 layers and the mirror 73 is comprised of 22
layers. The curve marked by circles reflects the curve for a
structure wherein the mirror 5a is comprised of 6 layers, the
mirror 7a is comprised of 8 layers and the mirror 73 is
comprised of 22 layers. The curve marked by the letter x
reflects the curve for a structure wherein the mirror 5a is
comprised of 4 layers, the mirror 7a is comprised of 6 layers
and the mirroxr 73 is comprised of 22 layers.

It was found that in all mirror embodiments the reflectivity
is extremely high.

Accordingly, with such a configuration, a phase shift of more
than 27 can also be achieved with wavelengths which differ

U:ANMELDERVZEISS\Z8581-DEV8581ENG.DOC



differences of 4n can very easily be attained with this double-resonator
configuration. The structure |la shown in Figure 8 can, for exanple, be
manuf acture in that, first, the el ectrode arrangenent 23a is deposited on
a substrate (not shown in the Figure) gnd, next, the layers of the mrror
73 are vapor-deposited thereon. After the mrror 73 has been finished, the
plate 71 of electro-optical material, such as lithiumniobate, nay be
grown thereon by neans of MOCVD (netal organic chem cal vapor deposition).

Subsequedon i MddPlay d nSa VARPT -Heposiv , : at e 3a of
lithiumniobate is %r,omgrgy %nﬁpof}gﬁwgﬁﬁgx?@t He mlrcr%lrr%gg} i sgf

vapor - depd®REEFRERd Vithy R Viev tHe thpedetlectiorechr Ehfgdeam DLWR

appl i ed. spatdaangiebeOeNP. a plurality of electro-optical nmaterials can be
deposited with sufficient precision and required material structure in
order for the optical effects required for the present invention to be

at t ai ned FiBoref 0.0t Her adetepiresenohtite MEMrpeudinidgus tlefterehaeig.s amade to
the artiglee Xuk + I Pr ecur sor ounds_i.n t he. MOCVD of
U e BERCE PEERS A TRRESHRE  BRR e o) TEECER0 o BRI e e

htt p: / / wivet eyl psbsi§oaraabs/ FOI.978.0/ Khe ohirtaraarsa,167a 2668, The

di scl osuggy | ' I } ncaqrp. t h L., by ACE:-

The' doubliogiL ?gs;%%i%aé t8 Ee ép'ha?e %ch?vggoff%\ﬁ%%’ [ gr eghgﬁgﬁﬁlyﬁ gtuhr“ae 10,

i s confi Ghicknesp é’ﬁje§h@n Risflgs y320 agid 1755 being tHe. Dpepadi ikl point  at
the desi gaspaatitgipei ng positioned in the area of the phase junp shown in
Fig. 10. Figure 11 1llustrates a variant of the upper el ectrode

arrangenent 19a for a beam deflector of the invention. Here, the electrode
arrangen®he @dn ififferency datprenedhaf «ataligre oftl Bid r odeandhirdly.exd end in

paral | el .gpky.Ln .one directio |\$Jchl’t r..the_elegtrode arra nt

conpri seg t\/vt}'glej’getlg1 0 lgi"L‘ts't r}iﬁeq;e Sec ?ao"beg?gg%%t%%t lf‘hé)%o]?l%)(t gndﬁ%’}%w th

stripe Tresonators can each contribute to the entire phase difference
with a maximum phase difference of 2n, so that phase

differences of 4m can very easily be attained with this
double-resonator configuration.

The structure 1la shown in Figure 8 c¢an, for example, be
manufacture in that, first, the electrode arrangement 23a is
deposited on a substrate (not shown in the Figure} and, next,
the layers of the mirror 73 are vapor-deposited thereon.
After the mirror 73 has been finished, the plate 71 of
electro-optical material, such as lithium niocbate, may be
grown thereon by means of MOCVD (metal organic chemical wvapor
deposition). Subsequently, the mirror 7a is vapor-deposited
and, next, the plate 3a of lithium niobate is grown by means
of MOCVD. Next, the mirror 5a is vapor-deposited and,
finally, the upper electrode arrangement 19a is applied.

By means of MOCVD a plurality of electro-optical materials
can be deposited with sufficient precision and required
material structure in order for the optical effects required
for the present invention to be attained. For further details
of the MOCVD technique, reference is made to the article of
Ren Xu "The Challenge of Precursor Compounds in the MOCVD of
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el ectrodes 21a, in horizontal direction in Fig. 11 and a second set of
stripe electrodes extending, with strip electrodes 25a, in vertical
direction in Fig. 11. If, for exanple, an el ectrode arrangenent 19a of the
type shown in Fig 11 is disposed, for_exanple, on the top of the beam
deflector of Fig. 1, it suffices to cd%respondlngly provi de the el ectrode
arrangenent 23 on the bottom of the beam deflector as continuous and
uninterrupted earth electrode. Neverthel ess, the refl ected beam can be

def | ect t | fi
el ectr odg sakh St PRELE: (b hba R AR R re o d 1068, 18 1 vo
el ectrod@aaﬂﬁﬁﬁgeriéwts AO8L, be tﬁlﬁ)VldEﬂClwsquuoifurethm%nneth | mlgader to

avoi d anjfp¥erbaPabat her&l £k q_dgfsﬁ ded as intersecting stripes, the
stripes 21a, gSa conpri se ?n'$engt 1g¥%bction, alternately, w de surface
areas 81 and narrow surface areas 81, with intersecting stripes

over | apprne d@ﬁble%éﬁén&@éﬁ' :Ya' M RAEIRS %&ﬁfdee ¥ GASL B 1l MG, SUr face
areas 8l_are sug tantiall é ,Su ce-cover] ng and nan

U: | ANVELDER 58/ By 7883 £ NETDEC 1B\ F4addiividros Ot HatS5t s

el ectri cthet epeirat $ngppbied ahetﬂé Ode&fdin aglaity Nee idice I REII-RRId Gal

mat eri al T. nt er t eas 83 of ,the.str|pes 21a and 25a,
t§ Qfeé. L ?lggtélpégse? 61‘&/ D > £howm dn, E'& g@ :

respectlve are ica h other. This can be
achi eved |n that the first partlal el ectrode set with the stripes 25a is

appl i ed Bygaeans1of 1 flddddddn taeck}gg_qgﬁt agfl %aﬁ IEgEge ) :éﬁl d_%daeopl i ed

t her eon and the ot her partial electrode set es 2la is

di sposeda’fjﬁﬁ?%%‘ﬂen%m%eiforl g jeag Si@fé@ﬁ’éf—@ffvé?ﬁl éheo ipveptdent hdlenei pe
el ect r odelse 24 neof rodie @ﬁfiﬁ@ém&itecigé)% SRt @rﬁ@o%ﬂﬁ%ﬁﬁ of P4
el ectro- ééga nat e stnéicpes of aﬁgrﬁm ely”™ uniformw dth,
because F9eT ¥ 1f: eseé‘ta t o dBE* B Ehe © ec’tr?‘ 0Bft it G OF-i al in
the ar ed@uQ@herethh?esethErleﬂtesti“dzde arrangement comprises two sets of
stripe electrodes, one set thereof extending, with stripe
electrodes 2la, in horizontal direction in Fig. 11 and a
second set of stripe electrodes extending, with strip

electrodes 25a, in vertical direction in Fig. 11.

f—r-

If, for example, an electrode arrangement 19a of the type
shown in Fig 11 is disposed, for example, on the top of the
beam deflector of Fig. 1, it suffices to correspondingly
provide the electrode arrangement 23 on the bottom of the
beam deflector as continuous and uninterrupted earth
electrode. Nevertheless, the reflected beam can be deflected
into two spatial directions. This configuration of the
electrode arrangement 19a is advantageous in that merely one
of the two electrode arrangements must be provided in
structured manner.

In order to avoid an overlap of the electrodes provided as
intersecting stripes, the stripes 21la, 25a comprise in length
direction, alternately, wide surface areas 81 and narrow
surface areas 81, with intersecting stripes overlapping each
other merely in narrow surface areas 83. The wide surface

areas 81 are substantially surface-covering and non-
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overlap the stripes 25a therebelow is shielded by the stripes 25a
positioned therebel ow, so that effective areas of the continuously w de
outer stripe electrodes exhibit a configuration approxinmately simlar to
that of the wide areas 81 shown in Fi,g. 11. A switching system Sib shown
in Fig. 12 for selectively coupling optical inputs 53b has a structure
which is simlar to that showmn in Fig. 6. In contrast thereto, a comon
tel escope 87, which is schenatically depicted in the formof a diverging

| ens 89 ao@rg gg%hgctgov stﬁé ehacemt %sﬂtlgig%g)g)ﬁggf&%fétb eam

deflectors 1 MmTrro eans
extend|n&aﬁeﬁmﬁeﬁxlt%h?t@*%i¢@ﬂ@9i§ﬂikﬂﬁitMﬂ?ﬂﬁyﬂh&kﬁﬂhﬁnxntﬁﬁﬁﬁqnﬁng

through bReasCObhecdt VaHLNgePipas VE1d amd hbaugh i“‘Q%‘%r al#“;gjf}ggglt{f%f t-he

The telesi 87 substantially serves to reduce the o
swi t chi n§ ?5‘5?&%%&5 dusudpbat c§rem epehopthgrt ThéfgcRnwhe RIS

sel ect edihothble t3 tﬁ‘i&*eﬁg pRMEHAN c2eeRrduRd ske Righ &nat s&:r@.'b%@e'fﬁa{n ned

HBX|nun1deercg\f§5 %Eg of tge b%%gld%fkﬁcto EP

UANVEL DERE ZBP FEB1OENG, DEE™F LB £67EP1Re SR IATHFEY S em Si b

conpri se¢agepl dsaldppjiefl thedievndaad &ahe&ﬁmﬂﬂs timﬂhdﬂaﬁtnmdéruﬁwddual

tel escopg: B stsseolilonethds £ront & %gggdbgﬁ lector ib for
col'Trma ens

adjusting a bean1 ‘of the exit end of
the fiber ends 53b to the dlaneter mhlch substantlally fully illum nates

the ef f egbifeds ealef §he apgam dshderinrid b. td t gszsoﬁd%o ec\ﬂedergtszﬁaﬂ Fig.

12 that a_distance between adj acent fiber ends bis smaller than

di st anceei)%?%%ﬂesaajlécé#{ tbléaan?%l:é‘ﬂ%%t glectpodey FﬁBu&HSPPS\%éuIr&“ES%:e
possi bl efrointhar ﬁﬁe@f:ra‘@ﬂ%f:ﬁ@&l"thﬂgeﬁkﬁl wrsMpés) dﬂréﬁrﬂfoﬂmyt he

def | oot o3 FBoay 8285 Re oRPPBUF B PRt FREC 8OV STNER: FaRGodes o8 Lhe
electro-optical material in the areas where these stripes 2la
overlap the stripes 25a therebelow is shielded by the stripes
25a positioned therebelow, so that effective areas of the
continuously wide outer stripe electrodes exhibit a
configuration approximately similar to that of the wide areas
81 shown in Fig. 11.

A switching system 51b shown in Fig. 12 for selectively
coupling optical inputs 53b has a structure which is similar
to that shown in Fig. 6. In contrast thereto, a common
telescope 87, which is schematically depicted in the form of
a diverging lens 89 and a collective lens 21, is positioned
between a field of beam deflectors 1b and a plate 59
comprising a mirrored side 63b. All beams extending between
the terminals 53b and the beam deflectors 1b pass through the
collective lens 91 as well as through the diverging lens 89.
The telescope 87 substantially serves to reduce the overall
length of the switching system 51b as compared to the overall
length which must be selected for the switching system
according to Fig. 6 at a predetermined maximum deflection
angle of the beam deflectors.
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lower Iimt for the distance in the electro-optical material along which a
phase shift of 27t is produced is naintained. The swtching system 51b
shown in Fig. 12 can be nodified in that both the |arge tel escope 87
or/and the individual telescopes 93 can be onmtted so that these
conponents are, as such, optional. A %mntchlng system Sic shown in Fig. 13
again serves to selectively couple a plurality of optical inputs and
outputs 53c by neans of a plurality of beam deflectors Ic, each of whi ch

is alloc ar Y t I n Oolllmat 357c
respecti @%?g ? r@f%tltge % ﬁ%@gﬁﬁ élés?r;ergleénigaf(?orr‘%?]? B enddvss l&Xt 0
beam def %@@%ﬁ*@uﬂ; te&‘smcbms t 93 t $recle nhoadi raamt idivEidpals tedresanpied SRt beam

Jc reflest edobycaoneam satil erbor | &e | Sed8l | aGlael U RAM T fohi ch

is reflected froma mrror_ 63c_as beam 91c onto the flector
which is? W%’éh‘?%datBe%‘ﬁe9ée§loﬁ-éélmé3'@@ byeanilgap. Shbwdefropke of rtlhﬁ 63c

reflecti éﬁlt heehgarad 7' tShe bqqlbéxnt @naae bgsm £4C e ncalﬁéﬁélde%ﬁtcran
apertured ’1"81? gﬁX 1& Rat her, mrror 63c is positioned

out si de BFPSEREHRRER p et i'm%% JcIP'Pe""?:'EOI ItPFrat%#f?%"n’sV& g¥eaandt t f&eam
U: SANVELIDESR Zd¢ SR AZmB 11\ 8581 ENG DOC 28 deflectors Ic. For this
purpose, a sem-transparent feed-out mrror 97 is provided. The beanms 9c

and 17c pass through said feed-out mrror 97 between the collimator |enses
57c¢ and fhe isheahrdef¢odent 16roms Bigesdkt , théte keedisudneer ketw@erhas a

pol ari zi gy sE&LCt £oBtNESER lgng. Qg.lllért I’{ﬁié}p'%r Lﬁ@‘éa part tIQ{aeEhe

beans 9¢ and 17c transmtted throu mrror are t en r cted

after a PoIaFestat beam @leétlﬁ@ﬁoéiﬁ Zﬁkrehqvah pHat €ovdd ke wessibleor 97
onto theifi t&ohs 63f a@smtfa@ﬂaglﬁgt éhggneériﬁg beawaékher%eanaef%@fé out of

t he beans, to be ref] ected t he rror gi s of the pol.a

mirror SPERINGS SPRCYESE Bajaﬁ%’iﬁf 2% Ae ?FFérfd& rt Ghﬁhé-nﬁﬁl ééuf‘lz"n

ef f ect) ,bearh ul¢fibsctors 1b are so configured that the above-mentioned
lower limit for the distance in the electro-optical material
along which a phase shift of 27 is produced is maintained.

The switching system 51b shown in Fig. 12 can be modified in
that both the large telescope 87 or/and the individual
telescopes 93 can be omitted so that these components are, as
such, optional.

A switching system 51¢ shown in Fig. 13 again serves to
selectively couple a plurality of optical inputs and outputs
53c by means of a plurality of beam deflectors 1lc, each of
which 1is allocated sgeparately to an optical terminal 53c.
Collimator lenses 57¢ respectively collimate the beams
emerging from fiber ends 55¢ onto the beam deflectors 1c.
Similar to the embodiment of Fig. 6, an incident beam 9c
reflected by a beam deflector 1lc¢ is reflected into a beam
17'c which is reflected from a mirror 63c as beam 9'c onto
the beam deflector 1lc which is allocated to the desired exit
terminal. However, the mirror 63c reflecting the beam 17'c
back into the beam 9'c is not provided at an apertured plate,
as in Fig. 6. Rather, the mirror 63c is positioned outside of
the beam path between the collimator lenses 57c¢ and the beam
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pol ari zi ng beam di vider 101 is provided between the <collimtor |enses 57c.
and the mrror 97 in order to feed-out the polarization part which woul d
get lost at the mrror 97 and to direct the sane to a further field of
beam defl ectors Itc. These beam deflezttors are driven such that they
couple the sane optical inputs and outputs 53c with each other which are
al so coupled with each other via the beamdeflectors ic. To this end, the
beam defl ectors 1'c reflect the beans incident thereupon to a mrror 63'c

whi ch coggespepgdsst th%‘ormtrﬂl%r ﬁ&ﬁos@quaellélem '%gé,a'}xcépa@%ql et Wet ween

sem -trangparent an | i K zidg mTr I'S poOSI t'1one
the mirps¥res’ 87ahd pneVb@e@h d’éhqe ceams 1903 asd ¢V @« @asss pdnasigio saie

mrror 9feeﬁuéﬁtaﬁ1§r5rqgarE%EWQEﬁt%hQQthilﬁgﬁbE'Qgﬁgebn57Er%5h.Qﬁl he
beam def] ectors _ic I he switch |n%§sys em>5 'S con such

that thePe@Pt PEALSGROEI éﬁgt?ﬁ Porresslk - pShgr fegd-entdmiggprod7ahas a
substantpalhylﬁingqlwﬁfelcﬂﬂgbh Sthddd BesSfsShaid @Rl Cathe PHSIRSWALh are

separate r two pol_ari directions via th rror, 101 are,
after deg 'i“ég 8% g#‘ F??amﬁ"e c?é‘?%t é‘g'{]cortéfa}nss“%r‘f& Ehrogg ey gy ror
reconbi n2@d atet Iteenmnetfdlectaiﬂ salfiseanti aldlprdaatech rothtien at a A-
D:\ANI\/ELFI?E_Q. 08 1 G 9 the abawve- descr.i bed
enbodi ment s LZFth um nll%%)Et 335}& 1J1E’b’gee%la(i-:cr %1 eP’8 c?rotv%ept R rﬁlterl al .
However p@ﬁltsom@ooum@e e the tha@ngalalthum ar seni de (GaAs) as

el ectro-optical material, for which a refractive index n 3.5 is assuned.
It ist % ﬁ%‘? nded for the dielectric layers of the resonator mrror
r

to be al ot R BReaPeArai &R Re skekreked ARY | ther TSR a
refractiezci bgi'EXneNlns: &t Othe paaawasingamdrgakl iggm eteginigdes (Nbss £5) -

of ' tho TP arteynhEREREn PuknsResTeo i) SEART PEd B BEEY 1o ARBIHRT n i s

respect ,peharinpimnsi bpamg elfwicterof ték is provided between the
collimator lenses 57c. and the mirror 97 in order to feed-out
the polarization part which would get lost at the mirror 97
and to direct the same to a further field of beam deflectors
1'c. These beam deflectors are driven such that they couple
the same optical inputs and outputs 53¢ with each other which
are also coupled with each other via the beam deflectors 1c.
To this end, the beam deflectors 1'c¢ reflect the beams
incident thereupon to a mirror 63'c which corresponds to the
mirror 63c. Equally, an inclined, semi-transparent and
likewise polarizing mirror 97' is positioned between the
mirror 63'c and the beam deflector 1'¢ which corresponds to
the mirror 97, just as a A-quarter-plate 99’ is positioned in
front of the beam deflectors lc'.

In all, the switching system 51c' is configured such that the
optical wavelengths for both polarization direction are
substantially of equal length so that also short optical
pulses which are separated into their two polarization
directions wvia the mirror 101 are, after deflection at the
beam deflectors 1c and 1'c, respectively, recombined at the
mirror 101 substantially correct in time.
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el ectro-optical effect can be utilized by use of so-called "quantumwell™
structures in the galliumarsenide. This technology is described in US
patent no. 4,525,687, the full disclosure of which is in this respect
i ncorporated by reference. The use ofzgsem'-conduct ors as materials for the
plate of electro-optical material is ‘advantageous in particular also in
so far as, in such sem -conductor materials, physical effects, such as the
"quantum confined stark effect” and the "Franz-Kel disch effect can be
utilizedyho dy Crﬁﬁfﬁ'et tr ef | n_t.h bo scri bed
enbodi rren%ls {éhe e ectdré%é:ﬁho%?r ae(r%b%k\nfggkgﬁ faﬁgh%}loun % é?aet%s of
el ect r o- BfeAcams m@qtélo"mltché nmt@rsaﬂradeHoWeVayersubf dlsel ecltga C
mat er i al pobeWBYE! ,+d t n t n t

p td tuké Q%aaqla& TIRVETR R Reahspnae &ecf} 5 c}g@lﬁf‘a]] ayered

arrangerrents bet ween t he ate of electro-o materi a
mrrors. "thEEidhabfes, WhACh b Bekraghite ndevain er Rlfects areulestaride to be

att ai nediwi t Rhanvi &wco&r@e@aeancm@se t?xfe tfaqeqlegﬁwbc flh%ésst @Ngthe On the
ot her hand ak currents Cag?f’c aivm ch roduced In the
e

mrror |ay8 ?%ag?ﬁ FFHCH otPe Bgﬁpﬁf'ﬂﬁ I‘%?é‘?éfé-sﬁd ? SREEHd

arr angenensenlﬂee (rdt=dr, cor t Whibche aarfefm@l:wen ihdefcemnai OB .B8uUCH t hat
they arey apargt he U A R\ ZEL SS178 DE\ 8581 ENG DOC 30
r esonat orégr?@%gf saggcfé%lﬁ'rﬂuh haélglseanrle po T4 ongd%l %%é&f"l Mlat3SiF 's of

t he |i ghko®i eleahlhitﬁh@mmbchtwml béfeabpvd .wi.t.h a ebhaagee afo

Fi gures tﬂ@ el A1 Shiee! Ui Ofed \é&é@a%deaheczr@%ﬁé& et gscri bed
wth ref ceto Figures 1 to 0SSi” eto prowde
the opti §W| t+h n%‘%%/stréﬁé’%wn then fngeresfyinaneiteah t phedh

defl ect oassecemkbp@fwl Skfifedt Wah Ge WALENiLEd MBGhAKL ALEY \&Ilqkéae in

respect p&ugnt%nrlrngelf'ppp%ruct%%%g beam dﬁf | e f:[fun?anarbseen‘ eUf acthur ed in
technology is described in US patent no. 4,525,687, the full
disclosure of which is in this respect incorporated by

reference.

The wuse of semi-conductors as materials for the plate of
electro-optical material is advantageous in particular also
in so far as, in such semi-conductor materials, physical
effects, such as the "quantum confined stark effect® and the
"Franz-Keldisch effect", can be utilized to increase the
electro-optical effect.

In the above-described embodiments, the electrode
arrangements engage around both the plates of electro-optical
material and the mirrors made of layers of dielectric
material. However, it is also conceivable to arrange the
electrode arrangements between the plate of electro-optical
material and the layered mirrors. This enables, on the one
hand, a smaller electrode distance to be attained with a view
to an increase of the electric field strength. On the other
hand, leak currents can be avoided which might be produced in
the mirror layers. In order to reduce absorption losses at
the electrode arrangements, the latter can then be arranged
in the resonator such that they are spaced apart from the

UMNMELDERVEISS\Z8581-DE8581ENG.DOC



m niaturized formand are described, for exanple, in the article of Janes
A. Walter "The future of MEMS in tel ecomunications networks", Journal
M chromech. M croeng. 10 (200) R1-R7/PIl: S0960-1317(00)06735-8. Figure 14
schematically shows a beam defl ector i, provided as so-called NMEM mrror.
A circular mrror surface 103 is punched out of a plate material 101, with
pairs of hinges 105 and 106 which are dianetrically opposed in respect of
the mrror surface respectively supporting the mrror surface 103

car dani cabkynatglat iyeLiH-d hefepe gﬂ{(}&f g' Ehsg”ata% al égitlgﬁé w the

mrror surface 103, there are provi ctors of Pdrive ectrodes
109 on afReelééREbeR Eﬁ%b%r@f|¢hesﬂkﬁkﬁjﬁu%ki from the rear side of the
mrror by alittle dlstance said electrode support being fixedly

connected to.the &%@1 terial holdln the mrror surface 103. By
appl yi ng ag ﬁﬂ% Wﬁ CEHegde PR F|@1$§IF§§€§GPSetﬁ9:ﬁ&ﬂ%ﬁes

el gct L odes 1£8] as, elengr ;mirfiiédt@xrkl ebl ltsleprbemediel@tew?&sfthe rﬁHartorh103
and the | e L npar ti.n ne n Ift forces an the
mirror sﬁ% g%%8%§3 thgﬁgfﬁgcengt ghéﬁf 35?%% out°tRgShr ng& webs 105
and 106,a1sespeesubéeytq provide ftie K@&lmaﬂrmmmmwhhagesyakdmslahoWnuﬂined
I n respe s ol S p I for

nci dont T SREUEeSmer ALY el s e s s R L
11111111@1{{@!{1‘;1!111€£h1l§1me911§111qabay | pipttedolst i megpeckdiofy sagni@ndr Zei ss
CL MS 3upg8b8l- Seuel BWLdm Pa&@f‘ieéﬂ&ds“ é‘anA B@a”}ngﬁ(xkﬁ%ﬁkefior in

deflectln an incident beamof 1lig (9, .9) predet erm ned wavel engt h
, gﬂ?‘?g’ﬂﬁbz%df i ppatle ?’%ﬁ) &Psélré@?iio ofrﬁli c&F‘aﬁ‘ﬁg-@rl at  dbposed
bet ween arpﬂcleof ofl ectangsle anl angaleeirs (e yrvakd aopai MEME in

pl-ano- pa{éiéé!m@uﬁ{géélcgr?s Z'x)e’tworﬁs" Journal Michromech. Microeng.
10 (200) R1-R7/PII: 80960-1317(00)06735-8. Figure 14
schematically shows a beam deflector lc provided as so-called
MEM mirror. A circular mirror surface 103 is punched out of a
plate material 101, with pairs of hinges 105 and 106 which
are diametrically opposed in respect of the mirror surface
respectively supporting the mirror surface 103 cardanically
relative to the remaining plate material 101. Below the
mirror surface 103, there are provided four sectors of drive
electrodes 109 on an electrode support 111 spaced apart from
the rear side of the mirror by a little distance, said
electrode support being fixedly connected to the plate
material holding the mirror surface 103. By applying
appropriately dimensioned electric wvoltages to the sector
electrodes 109, an electrostatic field is produced between
the mirror 103 and the electrodes, said field imparting
mechanical shift forces on the mirror surface 103 so that the
latter 1is pivoted about the hinge webs 105 and 106,
respectively, in order for the mirror surface 103 to be
inclined in respect of its support and to set a desgired
deflection angle for incident light beams.

UANMELDERWVZE|SS\Z8581-DE\8581ENG.DOC



refractive index (n) of the electro-optical material being variable by the
application of electric voltages to the electrode arrangenents (19, 23),
wherein a first mrror (5) of the pair of mrrors facing towards the
incident light beam (9, 9') has a lowey reflectivity than the second
mrror (7) of the pair of mrrors, characterized in that the first or/and
the second mrror conprises a plurality of |ayers (11, finsl wR BB 1)
material, wherein the refractive indices (nH nL) of thejlmwal"@'mmmmm
mat er i al Savl-aejaseditifiuyey stxddind s daffleZeibsom each othier. 2. Whes beam
def | ect o¥828%toBdi NBSIBWLO@I m 1, wherein several layers (11, 13) each have
a |l ayer thickness (dli d2) which corresponds substantially to a value (d)
which satisfies the formula d :Pgt/ét a\?aeresin X is the wavel ength of the
i nci dent beamin the dielectric ~WBLerialr~or the | ayer. 3. The beam

defl ector according to claim2, wherein the first plate (3) of the

el ectro-dbpti cAl hemmer delfflkasoa fdw ckeéiecuhhgh aor iespdeds spdshamif al |y
to a value D j €h tiskigs ft rul a = Kk/2.* and D =
(2k-1) /4 * A%P,l%.er‘z?h At%Z t%gem%velﬂekﬁeg‘%%&%ﬁt”%eé ?’ﬁﬁeégﬁlﬁ%ﬁleaﬁ’m t he

el ectri o- opt i eANPHER MY ot Bhdsk Phate B whl elewtber-apt inmde ratariGl

U: | ANVELDER\ Zg&{ 81z 8 DOLF 3 =~z A | ~ 11 CL
M 4. The beam de I%%o%eggéggd%n?\laﬁo one (%P'la(c:f:g?lrir% frtrgng!améﬁ grecllrj?l'tm
different di efdktAPE rdt BPLEl Lfar BlagePrrllehemirrese sbnfadks (the 13)

whi chdar e al tﬂéftﬁé?&:yve! amciiaa;t e(ﬂnpntcfl\)fh eagle Oéﬁéétré-o%@fqi’ﬁa@ﬂd(i;@ﬂi%ﬁt or
according to | to ein the seco rror i s
subst ant igal I ylggﬁ?g?yvg%g?gggt e t-fai‘hed ?ﬁ%‘?%@a ntf n??negglmf’t Q’O&ft)atgr‘?é:‘

second. to the electrode arrangements (19, 23), wherein a first

mirror (5) of the pair of mirrors facing towards the
incident 1light beam (9, 9') has a lower reflectivity
than the second mirror (7) of the pair of mirrors,
characterized in that the first or/and the second mirror
comprises a plurality of layers (11, 13) of dielectric
material, wherein the refractive indices {(ng, n,) of the
dielectric materials of adjacent layers (11, 13) differ
from each other.

2. The beam deflector according to claim 1, wherein several
layers (11, 13) each have a layer thickness (d;, d,)
which corresponds substantially to a value {d) which
satisfies the formula d = Ai/4, wherein XA is the
wavelength of the incident beam in the dielectric
material of the layer.

3. The beam deflector according to claim 2, wherein the
first plate (3) of the electro-optical material has a
thickness which corresponds substantially to a wvalue D
which satisfies one of the two formulae D = k/2 * A and
D = (2k-1)/4 * A, wherein A is the wavelength of the
incident beam in the electrio-optical material and k is
a natural number of more than 0.
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mrror (7) is at nost one tenth of a residual transmssivity of the first
mrror (5). 6. The beam defl ector according to one of clains 1 to 5,
wherein the second mrror (7) conprises at |eas ul ar,

| east eight |layers. 7. The beam defl ector accor’j“ !{f Il‘nmw@mﬂ!ﬁl aim1l to
5, Wwherein the second mirror (7) conprises at ers. 8. The
beam defl ector according to one of clains 1 to 6, wherein a second plate
(71) of electro-optical material is provided vvhi ch is disposed betvveen t he

second migf.r 07 o7 Po ddéfi@éi%c% ThEESEa{AS) BBl | Sx PLANGpas alp!

respect of the second mrror be am ef I ect or "accordi ng %o claim
8, wherein t h#hegging tvor rcbtrfﬁez@)nth@b@emtgﬁer magierdeflisyiame tusead t fex

second mrror +h4a) mit@or Theube ef t or{s3cc g cl
wherein the thi rdmrjh r?gr (%B)Qég%ﬂpréeﬁes §3g| ur%gl?:clgy %?el asje?ésﬁl&efy

diel ectric nat@FiaptedaRBteeerglRtPYREY ndices of the dielectric materials
of adjacent layers are different from each ot her

U: \ ANVELDER\ ZEl SS\. Z8581- 8581 ENG. Sr he beam def | ect or
accor di ngEto 5%& bﬁ Q\T[T)E{\'%(FWIE h&CCPH Jr%ﬁ nFPr 8|neccﬁf'pr‘? 1 &st%t went y
| ayers. 12. Thhelredm diethd ecste@:bndcc:m:trhrdmg t{(g)ones ofsu(blsalalfml&my 1fullywherein
t he second pl f ciro- has Qet |ckness i ch
corresponds s%%%tl(aeétﬁagg 7 Ofoéagsg &u§ P%'% |s?t3és one oef ?%el\%l@
fornul ae D = Mgrgor ? (z?r)d Des (@h‘(+1t)l¢ﬂt* Qnewheleeth 20ifs tehe wesEdwngth of

t he incident angbhasghelg&egﬁrtﬁe n@t£4d ali ot N8y second plate and k is a

nat ural nunber of nore than O. . The beam deflector according to one of
clains 8 to 12,
6. The beam deflector according to one of c¢laimsg 1 to 5,

wherein the second mirror (7) comprises at least six, in

particular, at least eight layers.

7. The beam deflector according to one of claim 1 to 5,
wherein the second mirror (7) comprises at least twenty
layers.

8. The beam deflector according to one of claims 1 to 6,

wherein a second plate (71) of electro-optical material
is provided which is disposed between the second mirror
(7a) and a third mirror (73) which is plano-parallel in

respect of the second mirror (7a).

9. The beam deflector according to c¢laim 8, wherein the
third mirror (73) has a higher reflectivity than the

second mirror (7a).

10. The beam deflector according to claim 8 or 9, wherein
the third mirror (73) comprises a plurality of layers of
dielectric materials, and refractive indices of the
dielectric materials of adjacent layers are different
from each other.
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wherein the first and the second plate (3a, 71) of electro-optical
mat eri al ar—e-nvrm’nﬁ‘lT‘dTEﬁEEd between the pair of el ectrode arrangenents

(19a, 23a). 14.. o fwect or according to one of clains 1 to 13,
wherein the gwuﬂaﬂmmﬁﬂ” provi dedg,f or deflecting light of a

wavel engt h (2% 'l a& wavel ength range of from0.5 Amto 3.0 m
preferably 1.0 AmMto 2.0 Am and particularly preferred 1.3 Amto 1.7 Am

15. The beam defl ector according to one of clainms 1 to 14, wherein the

el ectro-opti cC@heMeRinl 2lefBedtor! §6E6L41 AR kel o130l d1 HBL Ghiedky r\3he
particul ar | |H{|. u& ni, obat e rng NoGB) or/and gal lium arseni de &aAs or/and
conprises a FPYAFdmEFYRY afomRB: sefh@thdgRsdetWeatyr la¥esfding to one of
claims 1 to 15, wherein the dielectric material conprises silicon dioxide
(Si02) orLand i itaniumpoxi-de (TiQ_ or/and gallium arsenjide (GAs) or/and
al uni ni uﬁrhéér sg%%dge(aﬁl ée))%'l&;:/; fid a?cé’loﬁﬁilﬁgu Cg G R af %H’P%Ieg(,&loGaJ;ﬂs') . 17.
The beam def | wheveinccduhei ngsdeamhe piatd ai (831 t @fl6,elader®idpteiasdl of the

el ectrode arr S 9 , L DER\ ZEI SS\ Z8581- 8581ENG._DOC
L 20 G L NGERERL Snad s Bt LR NER SRS lir i e 1Y
el ectrodes (280 25yalupePewhighrestishiesfomxtahditen tofo fdumudtaa es- (21,
25) of the twp/el ecroge mrL angeRBHys 19 : £X in
parti cul ar or/ho%%gal ly, .to each %hé'r ?L'l‘év%lg%\é%ga% eftfﬂeég{lﬁa\r(ﬁ%lose?ﬁeh
defl ecting an®Fn&entibedeRior bepmghimn  the pslecsyiar matesidlngoto thee of

clains 1 to ldecom@nplaté Nghd ¥ 1St Pt al3ahmBbrebechéfs otd.cad, naterial
di sposed between a pair of electrode arrangenents (19a, 23a) and a pair of

pi ano-parallel mrrors (5a, 7a), the refractive index of said electro-
optical haterTh¢ behamgdedidieabbe bycbhdiagpliocateorobfclaims 8 to 12,

wherein the first and the second plate (3a, 71) of
electro-optical material are commonly disposed between
the pair of electrode arrangements (19a, 23a).

14. The beam deflector according to one of claims 1 to 13,
wherein the beam deflector is provided for deflecting
light of a wavelength (L) which is in a wavelength range
of from 0.5 um to 3.0 um, preferably 1.0 um to 2.0 um
and particularly preferred 1.3 um to 1.7 um.

15. The beam deflector according to one of claimsg 1 to 14,
wherein the electro-optical material is an electro-
optical solid material, in particular lithium niobate
(LiNbO;)} or/and gallium arsenide {(GalAs) or/and comprises
a liquid crystal.

16. The beam deflector according to one of claims 1 to 15,
wherein the dielectric material comprises silicon
dioxide (8i0,) or/and titanium oxide (TiO) or/and gallium
arsenide {(GaAs) or/and aluminium arsenide (AlAs) or/and
aluminium gallium arsenide (AlGaAs)}.

17. The beam deflector according to one of claims 1 to 16,
wherein each of the electrode arrangements (19, 21)
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electric voltages to the electrode arrangenents (19a, 23a), characterized
in that a first one of the two electrode arrangenents (19a) conprises two

sets of stripenm 25a), the stripe electrodes (2la, 25a) of
each set of stfH :: ﬂwmﬁ“nmﬂl?' ng jixtaposed in parallel to each other
and directions of ‘extensi oh the stripe electrodes (21a, 25a) of
different sets of stripe el ectrodes extend transversely, in particular

orthogonally, to each other. 19. The beam defl ector according to claim 18,
blane - ol ongrTRrPEes: B PRSNEET. oo SR  d sk B A TP,
alternately, ﬂﬂ@’%@@ﬁ% (81) 25nd meﬁ@wnamc@g@l%@cfh ecttamatilon svff i pe

el ectrodes (g2fa, s%&ﬁbe@f dif,f eggnt o8t Ehe t%’oe%iélq;‘?ccﬁ% Saridll rr?éer%é ngI y
overlap the nﬁéow areas. 20. The beam defl ector accordi ng to arm1

wherein the e ar (81F*6FPFhe strapRVeNsedihodesip2la, P@B‘a‘l)mb]far
different stropthegesnildge tsetsadt &tHeinosed such that they substantially
do not overlap. U AANMELDER\ ZEI SS\ Z8581- DE18581 ENG DOC 35 11Ulilj 11
[11ji211111 111111 CL 21. The beam defl ector according to one of clains 18
to 20, herekn hamm sdefidctbectfade dafiangydngntan 23aridenthebepai roof

The stripe el corsohois pgzeloSL e GURIP IR e e SAetd B 2°

plurality* ofC‘t"éPﬁarWa% (83) f’rléﬁs’coptpla%ne si dAal s, ofcongpke sty amrimiaial ends
(55) for the xﬁ@téﬁf’é15|9d@p%éé21 eXekwakhandaent gg;as 14ght &%49% 17).

wherein the termnal end &53 are di sposed spaced apart from eac ot her
at predeterm?l’élaa%%rp‘?rﬁtiﬁ‘ls dfd a23lur & yaofpair of plano-parallel

mirrors (5a, 7a), the refractive index of said electro-

optical material being wvariable by the application of
electric voltages to the electrode arrangements (19a,
23a), characterized in that a first one of the two
electrode arrangements (1%a) comprises two sets of
stripe electrodes (21a, 25a), the gstripe electrodes
(21a, 25a) of each set of stripe electrodes being
juxtaposed in parallel to each other and directions of
extension of the stripe electrodes (21a, 25a) of
different sets of stripe electrodes extend transversely,
in particular orthogonally, to each other.

19. The beam deflector according to claim 18, wherein each
stripe electrode (2l1a, 25a) comprises - viewed in the
mirror plane - along its length in the direction of
extension a plurality of, alternately, wide areas (81)
and narrow areas (83) such that the stripe electrodes
(21a, 25a) of different stripe electrode sets
intersectingly overlap the narrow areas.

20. The beam deflector according to claim 19, wherein the
wide areas (81) of the stripe electrodes (2la, 25a) of
different stripe electrode sets are disposed such that
they substantially do not overlap.
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beam defl ectors (1), wherein the beam deflectors (1) and the term nal ends
(55) are allocated to each other in pairs and each beamdeflector (1) is
di sposed such that the |ight beam (9) energing fromthe term nal end (55)
allocated to the beamdeflector is dirgcted to the s
defl ector being controllable such that it deflect m C!“Iulﬂnmrmm (17) of
the light beam (9) directed thereto into a selecta | recti oh i*n order
for the beamto enter at | east one selected termnal end (55) ; and
wherein the swhiC Mg t ri.se t {s (63),
wherei n each g’alr (1z ﬁéﬁ;@@g;o'if gg%rorgquelg%o%g% 4 ?'gl%clg{r%{]?qm (%Ioéeoﬁuch
that the |ighths&sdn (ahg éﬁﬁ@@dn@lﬁ%ﬁfpéeﬂamanmrmf (232br of1i yhef the

pair enters, ghiier dEviengcbesa sm& wehysr ofd eghedn@hnd eam
def |l ector (11) bhe i rrgr 3 f&e sgcond bea% deflegﬁ)%é J'sé?‘?of t he

(63
pair, the ternrd) &HFP °(S§§14)° ‘P%&ﬁ P t BhenStEdpsn e IretRode™ et R/ (14) ;
and wherein tR8an.rror conprises a plurality of mrror surfaces (63)
fixedly disposed in spaces between beam cross-sections of two |ight beans
(9, 17) energing from different termnal ends (55).
U IANNEL@ER\ ZB| S8izeB3ngDEYSEal ENRMIGEmSG * ' iillll~lii~tl Ms* 23. The

cutL o1 SYSROT 26519600 50 Clghinahe Whass! neLbe oRLLLEL (Ol 2

continuous mrrof sur ﬁrow t ura mrror surfaces,
the conti nqu@mﬁﬁiﬁéﬁgsE??mé@a avihy &%) uker ithe ofptingadr takm 6o f or

al | owi ng the kkght di%ﬂﬁ RS Sast REGREN UL gefl 15¢, S\WGlAg tgyétem

?g?ﬁ:ﬁgrgehgsoggmggaf engg %%;f)aéggdxgggégg S?acgéagggrge¥¥g§1é;cacent
other at predetermined positions, and a plurality of
beam deflectors (1), wherein the beam deflectors (1) and
the terminal ends (55) are allocated to each other in
pairs and each beam deflector (1) is disposed such that
the light beam (9) emerging from the terminal end (55)
allocated to the beam deflector is directed to the same,
each beam deflector being controllable such that it
deflects at least a part (17) of the light beam (9)
directed thereto into a selectable direction in order
for the beam to enter at least one selected terminal end
(55) ;

and wherein the switching system further comprises at
least one mirror (63), wherein each pair (1,, 1,) of beam
deflectors (1) is controllable such that the light beam
(17) emerging from a first beam deflector (1) of the
pair enters, after having been successively reflected at
the first beam deflector (1), the mirror (63) and the
second beam deflector {(1,) of the pair, the terminal end
(53,) allocated to the second beam deflector (1,);

and wherein the mirror comprises a plurality of mirror
surfaces (63) fixedly disposed in spaces between beam
cross-sections of two light beams (9, 17) emerging from
different terminal ends (55).
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smal l er than a distance between adj acent beam deflectors. 25. The

swi tching systemaccording to one of clains 22 to 24, wherein, between the
term nal ends—55k)—and the beam deflectors (I'b), there is disposed a
comon tel esciﬁe (87) corrprl sing at ast one lens (89, 91) through which

beanms (96) e lm%’m rm naI nds (55b) pass. 26. The swi tching
mﬂ Fms 22 to 25, wherein a separate individual
b1 ocatsed+lo

system accord
t el escope (93) each beam deflector (lIb), said individual

t el escope bei ng d| sposed bet ween the beam deflector (Ib) and the term nal
end (53b) allocated to the same. 27. The switching system according to one
of cl ai 322 tThe 28vivdieing reysten camcdatinge ttor devipr i220s whsadigmarhhe

def| ector accq\ﬁﬂf&w(%ﬁ Ohak! A4S bt agauSZSml%QSrSWsh%?@g SYRhLEm
Cc

according to claim 27 erein, in the plane of
el ectro-opt | cRTEEIR| | the shduradityi stafhcenbreew \/\,ﬁ}l€ﬁaf3ﬁé bediie

deflector can oM bﬁsmébl ftsu%a&@e rrga‘vll%t edal lﬁtﬁhraﬁﬂyOf oA,

corresponds subst ant ially satisfies "the formula b >

(5/2 * |/ (n*/ARS¥LypEs) (51§?< va?Ter éHowl?% GhelAkmbeﬁ\ezmsss¥‘28§>§fSD518581
EN G DOC 37 | thedethdddghlH1111111j 111111 the refractive index of the

el ectro-optical material, An is a refractive index change of the

el ectro-optical mterial for achieving a phase shift of 2n, and X is the
wavel engi4h. of Thnesiwntcléng Isomten sdwmliogt rioe ophecalf wdtions ak2 29 The

swi tching sysjem grepLdlng §9s é)fbé:év?ééﬁ agﬂa{c%ntz%efm ae.’L' Rdee jheam

defl ector conprises a mrror I C ani'cal ly pivotable in_respect of
a mrror supfeRtleBno. Wakt hdd f Gdssapeet i vjé?'if"’%%‘?jpl i ¥ akanh nakeapr

opti cal deflectors.

25. The switching system according to one of claims 22 to
24, wherein, between the terminal ends (55b} and the
beam deflectors (1b), there is disposed a common
telescope (87) comprising at least one lens (89, 91)
through which beams (96) emerging from all terminal ends
(55b) pass.

26. The switching system according to one of claims 22 to
25, wherein a separate individual telescope (93) is
allocated to each beam deflector (1b), said individual
telescope being disposed between the beam deflector (1b)
and the terminal end (53b) allocated to the same.

27. The switching system according to one of claims 22 to
26, wherein the beam deflector comprises the beam
deflector according to one of claims 1 to 21.

28. The switching system according to claim 27, wherein, in
the plane of the plate of electro-optical material, a
shortest distance along which the beam deflector can
provide a beam shift of the reflected light beam of 2=,
corresponds substantially to a value b which satisfies
the formula b > (5/2 * 1/{n*An)"(1/2) * X, wherein n is
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signals in pairs by neans of the sw tching system according to one of
clains 22 to 29, wherein the two beam deflectors allocated to the pair of
termnals to be coupled are driven such that bean1energ|ng fromthe

term nal end of the one term nal of th§, pair enters _
the other term nal. U W NMELDER ZEI SS\ Z8581- DE18581|

the refractive index of the electro-optical material, An
is a refractive index change of the electro-optical
material for achieving a phase shift of 2r, and A is the
wavelength of the incident beam in the electro-optical
material.

29. The switching system according to one of claims 22 to
26, wherein the beam deflector comprises a mirror which
is mechanically pivotable in respect of a mirror
support .

30. A method for selectively coupling terminals for optical
signals in pairs by means of the switching system
according to one of claims 22 to 29, wherein the two
beam deflectors allocated to the pair of terminals to be
coupled are driven such that beam emerging from the
terminal end of the one terminal of the pair enters the
terminal end of the other terminal.
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