LASER AMPLI FI ER SYSTEM The invention relates to a |l aser anplifier system
conprising a resonator with optical resonator elenents which determ ne a
course of a resonator radiation field which propagates al ong an opti cal
axis and at | east one | aser-active nmedium Laser anplifier systens of this
type are conventional |aser anplifier systens, wherein the problemwth the
configuration of the |aser amMugSER AMBYBIERSYESEMhat t he optical behavi or
of the | aser-active nediumhas to be taken into consideration for the
configuration of the resonator and, therefore, the resonator radiation
field which results is always dependent on the optical behavior of the

| aser-active nmedium Particularly when the optical behavior of the

| aser - actlingeinvediiomretatesso atlbser axplifieosysted atdroprisingl alreganaitoredithi | |
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under | yi migld dhichmpespdgates aloriden efpticel akie dampavleastohadaseranqrivef i er system
of the type described at the outset in such a manner that the configuration
of the rég%?'ﬂa'f‘?)r can be sinplified. This object will be acconplished in
accordance with the invention, in a laser anplifier systemof the type
described at the outset, in that the resonator is designed as a split
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- 2 - virtual planes of separation, this anplifying unit conprising the at

| east ond@eha¥iar-dheJasersartive BrH®upl i ng the radiation field states which

correspond to the same resonator nodes in a neutral manner with respect to

t he resonat or nodes.
Particularly when the optical behavior of the laser-active medium varies, the

resonator radiation field obtained will also vary and so the configuration of the
resonator has to be adapted to the varying optical properties of the laser-

active medium.

The object underlying the invention is, therefore, to improve a laser amplifier
system of the type described at the outset in such a manner that the
configuration of the resonator can be simplified.

This object will be accomplished in accordance with the invention, in a laser

designed as a split resonator and has a first resonator section which extends
from a first virtual plane of separation and a second resonator section which
extends from a second virtual plane of separation, that the resonator sections
are dimensioned optically such that the resonator radiation field has radiation
field states which correspond to the same resonator modes in each of the
virtual planes of separation, that an amplifying unit which is optically
independent of the resonator is arranged between the first and the second



The advantage of the solution according to the invention is to be seen in
the fact that the anplifying unit is ogti cal ly independent of the resonator
and, therefore, the dinmensioning of the resonator and the determ nation of
t he resonator nodes can be brought about independently of the optical
properties of the anplifying unit. At the same tine, the possibility is
creat ed QfrtGANRERSE bF B8paagioRPeRiBtd MBIk aArldodnpidngthe dtndeneansdent |y of
the resonator so that the anplifying unit, for its part, can |ikew se be
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anplifi eF&E@%Sggfe '\tlﬁéptg?(ﬁ‘ '?‘h%gegt"é(Ia%w%inggﬁgggwg{cf%\%%ﬁgﬁ?ﬁ% i's provided
in the amddrfater muomihsl e. The at | east one anplifier nodule can, in this
respect, be designed in the nost varied of ways. It can be constructed such
that it behaves altogether, wth all the remaining optical elenents of the
anpl i fyi ngelHtiviantade af BedboRItiofBAReOFdMGttd thesineehtide i¢ be beasendhahenodes.

It is particularly favorable when the at | east one_anplifier nodul e behaves
in an opfactdhpy the amelifyingnwat ‘WPH@'@’S‘@@@PEE‘GW%%‘:&&W@For s so that
the anmplifdfoliHe Git@hERnfhd!Bf thaiedhaainand the'dRhempLRAGHIBRA | 1 the
anplifying unit, 1.e. many tinhes in the anplifying unit, in a scal able
manner . res@ator mashagesarf be broeghinpbodt/indgpandentlyy obéhepetical pegeirties, in a
neut r al ner. Wi, ih. re ct to the resonator nodes, it is preferably

provi dedg?gl?e tamsolﬁymlgei@ "one anplifier nodule, which behaves in a neutral
manner with respect to the resonator nodes, to be coupled to the virtual

pl anes of separation in an optically neutr manner., One particularly
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di mensi oned optically such that during operation of the |aser anplifier

syst em witstpagt, tambkewiseRaedipengened indenansdeatyrefdbediesPRatPrpower range it
transforns an intensity profile representing radiation field states of an
anplifier nodule radiation field in one of the nodule end planes to the

ot her on®nre patieutetiubdvanidgebassslutivraprdvides farrtbecanplibfinguel ton a nanner
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the modulgedneh B eesdddirceiephelifier edigecond pl ane of separation.

The at least one amplifier module can, in this respect, be designed in the most
varied of ways. It can be constructed such that it behaves altogether, with all
the remaining optical elements of the amplifying unit, in a neutral manner with

respect to the resonator modes.

It is particularly favorable when the at least one amplifier module behaves in
~an optically neutral manner with respect to the resonator modes so that the

amplifier module forms a unit which can preferably be arranged in the

amplifying unit, i.e. many times in the amplifying unit, in a scalable manner.



It is thus ensured with this solution that the anplifier nodule perforns a
transformation of the radiation field states between the two nodul e end

pl anes whi ch does not influence the resonator nodes negatively on account
of the transformation which retains the intensity profile shape.
Furthernore, it is preferably provided for the intensity val ues of the
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changes. - 4 - It is favorable when the intensity values of the intensity

profile, which represent individual radiation field state val ues, deviate
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area and it is even nore_ advant ageous when the intensi tx@val ues of the
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| ocat i Onsn@dltﬂecelrﬁiapﬁlbnea%oomalbd(towihbi‘semadmamﬁef separdtim.case of an
out - of focus i magi ng the association is brought about in that in the case of
an out-offocus image of a |ocation of one nodule end plane in the other

modul e endigdirafaceridifed SR EhBYoNiticH thdtahRUEmafifiéomeyulepaeropinstdi s
| ocation is to be considered as associated location. It is partl cularly
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to the othervir een |"'ane essen n~a mahner retalnlngthe
i nt ensi t yhetEnsfermation which retalns the intensity proﬁle shape.

Furthermore, it is preferably provided for the intensity values of the intensity
profile normalized to its maximum value, these intensity values representing
the individual radiation field state values, to deviate from one another by a
maximum of 20 % of the maximum vaiue in the iocations in the moduie end
planes respectively associated with one another as a result of imaging, at least

in the central area.

It is preferably determined as a result of this condition that the individual
intensity values of the intensity profile have only a limited variation from one
another, as a result of which the resonator modes do not experience any
fundamental changes.



- 5 - Furthernore, an additional, advantageous condition for the behavior
of the anplifier nodule provides for the at |east one anplifier nodule to
transform a phase profile representing4adiation field states from one
nodul e end plane to the other nodule end plane at least in a central area
in a manner retaining the phase profile shape. This additional condition
represents an additional clarification for an optinmum optical behavior of
the anplifier nmodule with insignificant influencing of the resonator nodes.
In this feisplayerable wherpthe indansity yafuasorfibiednignsiovt profidg fwhicBnece in the
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end pl angsthé ckpsal ki) 2 rad at every point and it is particularly
favorabl e when the difference in the phase profiles in the nodul e end
planes is less than 1 rad at every point. The central area has not been

defined s | o | | Ift At ki phanati ons
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planes respectively associated with one another as a result of imaging, at least
in the central area and it is even more advantageous when the intensity
values of the intensity profile, which represent individual radiation field state
values, deviate from one another by a maximum of 5 % of the maximum
value in the locations in the module end planes respectively associated with

one another as a result of imaging, at least in the central area.

The concept of the association of the individual locations as a result of imaging
is to be understood such that in the case of an exact imaging the individual
locations are clearly associated with one another, in the case of an out-of-
focus imaging the association is brought about in that in the case of an out-of-
focus image of a location of one module end plane in the other module end
plane the center point of the out-of-focus image of this location is to be
considered as associated location.

It is particularly favorabie when the at least one amplifier module transforms
the intensity profile normalized to its maximum value in the one virtual
module end plane to the other virtual module end plane essentially in a

manner retaining the intensity profile.



- 6 - One particularly favorable solution provides for the anplifying unit
to conprise one anplifier nodule, with which a first one of the nodule end
planes is coupled in an optically neutPal manner, preferably coincides,
with the first plane of separation and a second one of the nodul e end
planes is coupled in an optically neutral manner, preferably coincides,

with t heFéPcﬁ%ﬂ‘ﬁoPé 288 agﬁltwr%¢£ﬂa95@ué BERABOA. foP Bhy behal RRAYF thae
anplifier nodule has so far been specified in conj unction with the
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whi ch are, where reqU|red of an identical construction, in one anplifying
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nodul es a first respective plane is”coupled in an-optically
neutral nesorétor ma&lesecond respecti ve nodul e end pl ane and when in the
entirety of the anplifier nodules the first nodule end plane of a first
anplifier nodule is coupled Qput-ally Lv vi ie wupial teb U Sepau CLIVI I
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anpl i fi era¢r@ti@very poitie entirety of the anplifier nodules to be coupled in
an

It is better when the difference in the phase profiles in the module end pianes

is less than 3 rad at every point.

It is even better when the difference in the phase profiles in the module end
planes is less than 2 rad at every point and it is particularly favorable when
the difference in the phase profiles in the module end planes is less than 1 rad

at every point,

The central area has not been defined in greater detail in conjunction with the

preceding explanations concerning the individual embodiments.

The central area is expediently defined such that the central area corresponds
to the smallest cross sectional area of the amplifier module radiation field
which comprises 80 % of the overall power of the amplifier module radiation
field.

In conjunction with the arrangement of the amplifier modules in the amplifying

unit, only an optical coupling thereof has so far been defined.



- 7 - optically neutral manner, preferably coincide, with one of the planes
of separation and the second nodul e end plane of the last anplifier nodule
to be coupled in an optically neut r al ~ Remhner, preferably coincide, with the
ot her one of the planes of separation. Alternatively or in addition to the
sol utions described thus far, one advantageous enbodi nent of a | aser system
according to the invention provides for the resonator to be designed as a
split resonator and to have a first resqgnator section which extends froma

first vi QneapamsicaiRshofavosphieaialéionpacydssfgntng BERHAIBY WELEY 6AMRASEN
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anplifier no ich cdnprises the at |east one | aser-active nmediumto be
ar r anged chepleddn arhepficalbt newtarat mansecopiefgratlygpinsidasesvivi theefiestat i on, for

the at |east one anpl.ifier to b Lr t. of
separat i Bﬁa%gﬂseﬁﬁhgnfqr}dsgggg%ﬁq gﬂgno t@Faﬁgggg ?’ﬁ%%séggto Béf\éée@rrpl ifier
modul e i gncaptflatig ridutedl rephheq|grgfarably @dinoleepewithahiehsedondsilapé afie of
separation and a second nodul e end plane of the at | east one anplifier
nodul e i §€BB@SI% in an optically neutral nanner to the second plane of
separation and for the at |east one anplifier nodule, during operation of
the laser anplifier systemwith at | east an average power within a

pr edet er fUAGErmORer cnlyrafdeastbone ampiifiespritiediaserl (drebeerisaesigadin el d

bet ween . - I j chhcouples the radiation field states in
t he mdu%gﬁ%dr@glgbgﬁgﬁqu %ﬁ@ﬁgﬁ@ ﬁ@'rt' in an optically quasi-neutral manner
at least in a central area. An optically quasi-neutral, in particular
neutral, coupling, o he at | east one amplifigr nodul.e to the first. plane
o separ SRRy EGsRberTtoo A oaRRr cot Bie FERaE Yok ShabtisBucn
that t hi segerplangiflceadsdtiRsanvessend sautivni deatidoahtdgedssdopsrentyn of the
radiation field states in the respective plane of separation with the

radi at i o§%Plailed Wekiithe amplifier PeHesIHeMTRIYeTBeh? R MBAUPRNENEFRINNG. - 8
- For exanpl ' ‘ ha i of
separation i”?oe{)‘%gy?rrgﬁﬁyﬂﬁeéeﬁ%a‘?heﬁgﬁﬁ‘?agﬁ'ﬁ% b?ﬁjgtg Bgénd]%é%gagggm matri x,
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M| Val LE 8 hhnod 8RS, WGP S-S Uingle A&lired) 3 o aehOkhW g val ues:

0.97<
construction, in one amplifying unit.

In this respect, it is particularly favorable when several amplifier modules
which form an entirety are arranged one after the other between the planes of
separation and when in the case of the consecutive amplifier modules a first
respective module end plane is coupled in an optically neutral manner to a
second respective module end plane and when in the entirety of the amplifier
modules the first module end plane of a first amplifier module is coupled

P L L P =g i o PN
OpdCany o One O un

o niosnos Af cansrs Limim mpmeml e e e iy e | o
€ pianes 01 separdglion and e SeCona moduc ¢ d plane

of the last amplifier module is coupled optically to the other one of the planes

of separation.

One particularly favorable soiution provides for a first respective module end
plane of the consecutive amplifier modules to coincide with a second
respective module end plane and for the first module end plane of a first
amplifier module in the entirety of the amplifier modules to be coupled in an



-0.1 mMm<B<0.1m-0.11/m<C<0.1Vin 0.97 <1 D < 1.03. Such a | aser
anplifier systemaccording to the invention can have, in principle, only
one such anplifier nodule. It is parttéularly favorable when several
anplifier nodules form ng an entirety are arranged one after the other

bet ween the planes of separation and when in the case of the consecutive

anpl i fi epptesiW BeuBal haHnareprEetdbI¢ contide vl ormleacsfemeSp|eaa@Ioed in an
optically neutral manner to a second respectlve nodul e end E@%era vvhen

in the eREPRAPNANG Hee aRenNd Madule gorddane of the astampaliéere Bf a
first anﬁbhﬁlfeﬁrm@p&%ﬁcélﬁ/ ﬁé’l&’tﬁ’ Fﬁwa'nﬂeﬁnpl%%l‘aw LYinRRiE, viath BREBERert hone of

the pl anes of separation and e second nodul’e end plane of the [ast

anplifi ethImeipIEmeissof(ﬁﬁmlretiOmn an optically neutral manner to the other one
of the planes of separation. The sinplest case of such an optically neutral
coupling provides for the respective nodul e end planes or the respective

pl anes ofalteematiaily @f iArddithen o®due soknidns|dusesibed thos fiar, dme One sol ution of
a, in particular, quasj-neutral [ i n .accordance

ifi nodul e
i tht e eHkeBIaeoHE TObe BT R & eer EyStegh oLe NG R0 RS Tl e e
ABCD mat bigyigks W ¢ réi%fn'a&ﬂdtd Be @%@@h@érﬁ%ﬁa ‘Qghf‘ résorfatoShRg B Mavelaser s”,

Uni v. SCI ence Books, pages 581 et seq., has the
val ues figst r@sgrﬂatonsqctlenlwmsh-etxterr\ds&om@fzrsmﬂr@uql planeof separatighh 0. 97 <

pi < 1. 0::'md a second resonator section which extends from a second virtual plane of
separation, for at least one amplifier module which comprises the at least one
laser-active medium to be arranged between the first and the second virtual
planes of separation, for the at least one amplifier module to be arranged
between the planes of separation such that a first module end piane of the at
least one amplifier module is coupled in an optically neutral manner to the first
plane of separation and a second module end plane of the at least one
amplifier module is coupled in an optically neutral manner to the second plane
of separation and for the at least one amplifier module, during operation of the
laser amplifier system with at least an average power within a predetermined
power range, to form an amplifier module radiation field between the module
end planes which couples the radiation field states in the module end planes to
one another in an optically quasi-neutral manner at [east in a central area.

An optically quasi-neutral, in particular neutral, coupling of the at least one
amplifier module to the first plane of separation or the second plane of
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identical transformation of the radiation field states in the respective plane of
separation with the radiation field states in the corresponding, coupled module

end plane.



Wth respect to the arrangenent of the | aser-active nediumw thin the
anplifying unit or within the anplifier nodules, no further details have so
far been given. The laser-active nmedi uftould, for exanple, be arranged in

a gas or

inaliquid as carrier. The | aser system according to the

invention is, however, particularly suitable for an enmbodi ment, w th which
the | aseerﬁ%&bHﬁ)léﬂeﬂiiéJ]ﬁb%iEaW bﬂléﬁeﬁewﬂﬂalaéodﬁﬁgtoﬁﬁh% Fehksvskapgrdiepyis Wth
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respect to the shape of the ‘at |east one soli
desi gns #@referghblysiafingdoinesuchion deangsl at en ABCP Resmapnatrihsle
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principl €,

he a east one soll body "cou exte

t he diretiSAnaf6,tpegesB8 kat saqi, hasrtha fpHowingVvalpieped extending in the

direction of the optical axis, for exanple in the case of a slab |aser.
particularly favorable solution provides for the at

body to have an extensiom.bransygpgety.0® the optical axis in every
direction which is greater, in particular, nmany tinmes greater than the
extension in the directi ofrloM t RePopfi®diMaxis. - 10 -

-0.1Y,< C <0.1%Y,
0.97 < |D| < 1.03.

Such a laser amplifier system according to the invention can have, in principle,

only one such amplifier module.

It is particularly favorable when several amplifier modules forming an entirety
are arranged one after the other between the planes of separation and when
in the case of the consecutive amplifier modules a first respective module end
plane is coupled in an optically neutral manner to a second respective module
end plane and when in the entirety of the amplifier modules the first module
end plane of a first amplifier module is coupled in an optically neutral manner
to one of the planes of separation and the second module end plane of the last
amplifier module is coupled in an optically neutral manner to the other one of

the planes of separation.

The simplest case of such an optically neutral coupling provides for the
respective module end planes or the respective planes of separation and the

module end planes to coincide.

One solution of a, in particular, quasi-neutral amplifier module designed in
accordance with the invention provides for this to represent an optical system,
the ABCD matrix of which, defined in accordance with A, E. Siegmann
"Lasers”, Univ. Science Books, Mill Valley, CA, USA, 1986, pages 581 et seq.,
has the values

state body, arrl_y opt i onal
ed Bt | east

ng in

One

| east one solid-state



Such a solid-state body has the advantage that, as a result, the influence
on the anplifying unit or rather the anplifier nodule by the | aser-active
medi umcan be linited, if need be redu@ed. This applies, in particular, for
the design of a so-called thermal lens in the solid-state body. It is
particularly favorable when the at | east one solid-state body is of a
plateli ke design. Such agsebi d-§t|gt|e< hosty of a plate-like design preferably
acts such that it influences the anplifying unit or the anplifier nodule
optically as little as pdsgiml e< Al tér(hétmvely thereto, it is, however,

al so conceivable to desiqj12t1 e at-leay Za?e solid-state body such that it
acts in a focusing or defofusng manner, iTe. has defined inaging
properties in conjunctiom.9¥th ¢hH®jawdl.®3ying unit or the anplifier nodul e.
In principle, the at | east one solid-state body can be arranged at any
optional |ocation on the anplifier nodul e between the nodul e end pl anes

when t heygigh irdssdctte thedyrdiferhbst aftld fdser-attidelreediaeh afitron theel d passing
through it and is, therefore, in afposition to anplify, i i nci pl e,

na t 10 : y it. |n princip
the ener gynAlBYingheniber ivdEnin dhg armplifiey mogeiass nedrier dgiplls gévgéot RE
Iaser-acb%gﬁr%\r,%r?di umin the nost .varied of way. In the case of an optical
punpi ng 0 aser-active nedium electromagnetic radiation is supplied
in the area of a punping light spot in order to bring about the

par 1 cul dPEyeratoorant Bee Bl iborPRR) KBl YHas (T8 41 | cas:

one soli gggichéechaipr.to be arranged in an area of the anplifier nodule
radiation field, in which the cross section of the anplifier nodule
radiation field is smaller than a punping |ight spot. This solution has the

gdva”}]fﬁg%gh%er WdtBrd becorBingPld MEMReRtiBhtiat heWeeér, tfetioWiapiynditdbgdt can
e achi eved.
for an embodiment, with which the laser-active medium is arranged in at least

one solid-state body.

With respect to the shape of the at least one solid-state body, any optional

designs are, in principle, conceivable.

It is favorable when the at least one solid-state body extends transversely to

the optical axis.

In principle, the at least one solid-state body could be a bar extending in the
direction of the optical axis or a parallelepiped extending in the direction of the

optical axis, for example in the case of a slab laser.

One particularly favorable solution provides for the at least one solid-state
body to have an extension transversely to the optical axis in every direction
which is greater, in particular, many times greater than the extension in the

direction of the optical axis.



Wth respect to the arrangenent of the at |east one solid-state body
relative to the optical elenents of the anplifier nodul e, any optional
arrangements are conceivable. It is pr&erably provided, in particular, for
the at | east one solid-state body to be arranged so as to be uncorrel ated
to optical imaging elenments of the anplifier nodule, i.e. the at |east one

sol i d- st &fehhpdylideestedyPRadtiaBaesntageaihnt Jed Bnreduppticrifiueacearation to
the optical elenents of the anplifier nodule in order to be operative.

Al t er nat e eynRIifging: wnit jon rpiar the APPURRHMPASHI BY thE PSR -afev e BIRAYSd i n
t he ar ean;l t}é‘ﬁ’m?t%'di q\;ﬁéé’g Seﬁ’@&‘l}fc d, therefore, in the area of the

| aser-actTve mediunm{ it 1s provided for the at | east one solid-state body
to be arranged in a plane of inmaging of the anplifier nodule. The plane of

i i b d. di ff | i i W h
optvcar J0Tk poRis TB oL AL Tk Mlesle® Bt e cA b RS R % M g "
concei vaBbpdistaty bydygle a nodul e end pl ane as plane of inmaging. One

particularly favorable solution provides for the plane of imaging of the
anplifier nodule to be arranged between two adaptati on branches. One

sol ution is”péﬁfcfililaés\?’ﬂ&c gegvo?‘aﬁl*él WhER Bh &k Ne SRV AkoIRPbtte YothaisId Blate-

preferably provi several planes of imaging to be arranged between
two or nbke de$épt.ati on branches. - 12 - The adaptation branches are
preferably forned by optical tel escopes, wherein these optical telescopes
can be designed as Kepler telescopes, Galileo tel escopes or other

t el escop&sichi ansplid-statel Bodynof & eiatieeliles depigs, prasenably acts such that it

influences the amplifying unit or the amplifier module optically as little as

possible.

Alternatively thereto, it is, however, also conceivable to design the at least
one solid-state body such that it acts in a focusing or defocusing manner, i.e.
has defined imaging properties in conjunction with the amplifying unit or the

amplifier module.

In principle, the at least one solid-state body can be arranged at any optional
location on the amplifier module between the module end planes when the
solid-state body has the amplifier module radiation field passing through it and
is, therefore, in a position to amplify it.

In principle, the energy for the optical amplifying process can be supplied to

L
Bl

s zef oy A v e

=y AL e T Tl o s o PRt R |
1050 Variea Or way, th ui€ Case Or an OpLida;

B T e L PN
LIS idSEI“QLLIVC TFISURULTT B

!

ot
¢4

pumping of the laser-active medium, electromagnetic radiation is supplied in
the area of a pumping light spot in order to bring about the laser-active
excitation states in the laser-active medium.



In the case of several planes of imaging is it expedi ent when an

I ntermedi ate i magi ng branch, which inages the radiation field states of the
one plane of inmaging onto the other pl&he of imaging in a defined manner,

i s arranged between two planes of imaging. In this respect, it is
favorable, in particular, when the internedi ate i magi ng branch i s designed

to be opneabdrtichRiHyY BlvordReoigion proadad| e this 84S0 fF eivé de idast@nect i on
of the phase ratios in order to achieve a guam -neutral behavior_ of the

anpl i f i epolidgtate, bedhpimbe assanass o arexehtne amplitierdRodpeirédiatist h | ength
hen SevHeRl MnHHEAYRE iR RIPRrH R AinBRAER halult REaRIBHAdigTs TOdu &

Wien several' pl'anés of 1naging are provi phase correction el enents can
be provi dedllien tsav er pimpirenbghtospatnetfiiagolutiomphas theladvanteger dat, with

'h e mieervanTahEayatopdy BeRE IO itle SeBRRE o0 oTement

could be an adaptive mrror or an elenment with various optical delay paths.
Wth rese\z_ct to the design of the r(é onat or, no further dgtails have been
b Heap

gi ven i nVEHhEIRIS SR tAPEATANAe R R RUf Ak IGASh ARSI WS T8 ¥ Aglathe to
i ndi vi duge gpbesi diRRchts of thé amplifier module, any optional arrangements are
conceivable.

It is preferably provided, in particular, for the at least one solid-state body to
be arranged so as to be uncorrelated to optical imaging elements of the
amplifier module, i.e. the at least one solid-state body need not be arranged in
any defined optical correlation to the optical elements of the amplifier module

in order to be operative.

Alternatively thereto, in particular when defined ratios are required in the area
of the solid-state body and, therefore, in the area of the laser-active medium,
it is provided for the at least one solid-state body to be arranged in a plane of

imaging of the amplifier module.

The plane of imaging can be arranged at different tocations in accordance with
the optical configuration of the amplifier module. For example, it is

conceivable to provide a module end plane as plane of imaging.

One particularly favorabie solution provides for the pia
n

0
amplifier module to be arranged between two adaptation branches.

One solution, in particular a solution with several solid-state bodies, preferably
provides for several planes of imaging to be arranged between two or more

adaptation branches.



Alternatively thereto, it is conceivable for the resonator to be an

unstabl e resonator. In the case of an unstable resonator, it is preferably
provided for the virtual planes of sephfation to be located in an area of

t he unstabl e resonator which has wave fronts passing through it in opposite
directions to at least 70 0/0. Alternatively to the provision of a stable

or unst alhe JRIRABER braftifesPdd bi<F8lbP Rt @By AtRIEHt&8sEshdsh vHeREpNt | On

provides for the resonator to be a ring resonator. A further, expedient
enbodi metbegs opticaldefescopee car Hereeigned ap Keplgyiglesropesohatiee. | n

addi tion ' |l t.t . o | 0 Iphed by a
et hod 1 57 CE S5 b RA tRleek BBl iR Oier Shirl, RISt oBe e BE Wl T (he
met hod clains. Additional features and advantages of the invention are the

bj ect mat f the foll ow ipti | ] t he. ]
1T ust r adh 6 SesR oL PoURG TR o TrRoRdS i soperent rRRn A iEhATkdaRe
schemat i gmiblrgsbrarichowHEh ambhes the rh@dtionmielOfstaesasfaheamy planerofsyst em

according to the invention with a stable, resonatar and an anplifying unit;
Fi gure 28R8E%OREaeiherinlang of dP8Moin @ HEMRBAMBLRelt 1RGN 9EHe

between two planes of imaging.

In this respect, it is favorable, in particular, when the intermediate imaging

branch is designed to be optically neutral.

In order to be able to also provide a correction of the phase ratios in order to
achieve a quasi-neutral behavior of the amplifier module, a phase correction
element varying an optical path length is preferably arranged in one plane of

imaging of the amplifier module,

When several planes of imaging are provided, phase correction elements can
be provided in several planes of imaging, in particular in order to optimize a

phase correction.
This phase correction element can be designed in the most varied of ways.

For example, this phase correction element could be an adaptive mirror or an
element with various optical delay paths.

With respect to the desigh of the resonator, no further details have been given
in conjunction with the preceding explanations concerning the individual
embodiments.

One particularly favorable solution, for example, provides for the resonator to
be a stable resonator.



stabl e resonator according to Figure 1 in the non-split state, in which the

virtual planes of separation coincide; _- 14 - Figure 4shows a schematic
illustration of a first enbodi ment of” ]a?'\'anpl i fier nodul e according to the
i nvention; Figure 5shows an illustration of the intensity profiles

respectively normalized to a maxi numvalue in the nodul e end planes of the

anpl i fi epjiepesdivelpcrerddbnit it @ohteivapledforRhguesofieiopws wnan lundsdblat i on of a
guot i ent of tr%e intensity profiles in Figure 5;
resonator.

In the case of an unstable resonator, it is preferably provided for the virtual
planes of separation to be located in an area of the unstable resonator which

has wave fronts passing through it in opposite directions to at least 70 %.

Alternatively to the provision of a stable or unstable resonator, one additional
solution according to the invention provides for the resonator to be a ring

resonator.

A further, expedient embodiment provides for the resonator to be a hybrid

resonator.

In addition, the object specified at the outset is also accomplished by a
method for setting up a laser amplifier system in accordance with the method

claims.

Additional features and advantages of the invention are the subject matter of
the following description as well as the drawings illustrating several

embodiments. In the drawings:

Figure 1 shows a schematic illustration of a first embodiment of a
laser amplifier system according to the invention with a

stable resonator and an amplifying unit;

Figure 2 shows a schematic illustration of the configuration of the
stable resonator according to Figure 1 in the non-split
state, in which the virtual planes of separation coincide;

Figure 3 shows a schematic illustration of the laser amplifier
system according to the invention with several amplifier

modules forming the amplifying unit;



Figure 7 Figure 8 Figure 9 shows an illustration of the phase difference
bet ween the phase profiles in the nodule end planes in the anplifier nodul e
according to Figure 4 in the ideal cas¥tof optical neutrality; shows an
illustration of the phase difference in the phase profiles according to
Figure 4 in the case of a non-ideal optical neutrality, i.e.

quasi -neutrality; shows an illustration simlar to Figure 4 of a second
enbodi ment of an anplifier nodule according to the inventjon; Fiqure

10shows EUreldistrati on 810ows erichemeatolivgERtioBofénliEHAMPPEIMent IR e

acLuiding to the inventiQfyifier module according to the invention;

Figure 5 shows an illustration of the intensity profiles respectively
normalized to a maximum value in the module end planes

of the amplifier module according to Figure 4;

Figure 6 shows an illustration of a quotient of the intensity profiles
in Figure 5;
Figure 7 shows an illustration of the phase difference between the

phase profiles in the module end planes in the amplifier
module according to Figure 4 in the ideal case of optical

neutrality;

Figure 8 shows an illustration of the phase difference in the phase
profiles according to Figure 4 in the case of a non-ideal

optical neutrality, i.e. quasi-neutrality;

Figure 9 shows an illustration similar to Figure 4 of a second
embodiment of an amplifier module according to the

invention;

Figure 10 shows an illustration of a third embodiment of an amplifier
module according to the invention;

Figure 11 shows an illustration similar to Figure 4 of a fourth

embodiment of an amplifier module according to the

invention;



Figure 11shows an illustration simlar to Figure 4 of a fourth enbodi nent

of an anplifier nodule according to the_invention; - 15 - shows a
sectional illustration sinmilar to Figute-11 of a fifth enbodi ment of an
anplifier nodul e according to the invention; shows a sectional illustration

of a sixth enbodiment of an anplifier nodul e according to the invention

Wi th a plEgsgeCosrecti on gheWER! sectRPWS ilRisEREIoNOSAlilar It USg Uikt 1 DIdf S filthar to
Figure 13 of a seventh enbodi ment of an anplifier nodul e according to the
i nvention; shows an il | usMtadiBens chnampafier giadsie ageorgdineiyHi%

enbodi nent of an anplifi ﬁ{vermg“l;e according to the invention;

Figure 13 shows a sectional illustration of a sixth embodiment of an
amplifier module according to the invention with a phase

correction element;

Figure 14 shows a sectional illustration similar to Figure 13 of a
seventh embodiment of an amplifier module according to

the invention;

Figure 15 shows an illustration similar to Figure 4 of an eighth
embodiment of an amplifier module according to the

invention;

Figure 16 shows an illustration of a ninth embodiment of an

amplifier module according to the invention;

Figure 17 shows an illustration of a tenth embodiment of an

amplifier module according to the invention;

Figure 18 shows an illustration of a second embodiment of a

resonator according to the invention;

Figure 19 - shows an itlustration of a third embodiment of a resonator
according to the invention, designed as an unstable

rescnator;

Figure 20 shows an illustration of a fourth embodiment of a
resonator according to the invention, illustrated as in

unstable resonator;



Fi gure 16shows an illustration of a ninth enbodi mrent of an anplifier nodul e
according to the invention; Figure 17shows an illustration of a tenth
enbodi ment of an anplifier nodul e accor®ir ng to the invention; Figure
18shows an illustration of a second enbodi nent of a resonator according to
the invention; Figure 19shows an illustration of a third enbodi nent of a

resonat oFjgage @di Ng t 0t N YRR RaticHE ST 8TFth amiritimest alflaergsesatuat or ;
according to the invention, designed as a ring resonator
and

Figure 22 shows an illustration of a sixth embodiment of a resonator
according to the in'vention, designed as a hybrid

resonator.

A first embodiment, illustrated in Figure 1, of a laser amplifier system 10
according to the invention, which is arranged along an optical axis OA,
comprises a resonator 12 and an amplifier unit 14 which is designed to be
optically independent of the resonator 12 and borders on resonator sections of
the resonator, which is designed to be split, in a direct optical manner with

end planes 16 and 18.

A resonator 12 designed to be split is to be understood in that resonator
sections 20, 30 extend from two respective virtual planes of separation 22 and
32, wherein the virtual planes of separation 22 and 32 coincide with the end
planes 16 and 18 of the amplifier unit and wherein the resonator sections 20,
30 have an optical layout which assumes that the amplifier unit 14 does not
exist optically and the virtual planes of separation 22 and 32 coincide, as
illustrated in Figure 2, so that the optical behavior of the amplifier unit 14 is
not mode-relevant for the optical layout of the resonator sections 20 and 30
with the resonator modes provided, i.e. the predetermined resonator modes

will not be altered by the amplifier unit.

The resonator sections 20, 30 preferably comprise optical resonator elements
24, 34 which define the resonator radiation field sections 26, 36, respectively,

adjoining the respective planes of separation 22, 32.



Fi gure 20shows an illustration of a fourth enbodi nent of a resonator
according to the invention, illustrated as in unstable resonator; - 16 -
Figure 21 Figure 22 shows an illustratton of a fifth embodi nent of a
resonat or according to the invention, designed as a ring resonator and
shows an illustration of a sixth enbodi nent of a resonator according to the

i nvent i orin@esic0nsEcA Sao VS ihé fee8AABIrarI2 is brought about under the
premise that the planes of separation 22 and 32 coincide, the resonator
radiation field sections 26 and 36 have in the planes of separation 22 and 32
radiation field states which lead to identical mode ratios in both resonator
radiation field sections 26, 36 in at least one operating state of a
predetermined range of operating states of the laser amplifier system, i.e. the
radiation field modes forming in the resonator radiation field sections 26 and
36 correspond to the radiation field modes of a resonator 12 illustrated in

Figure 2 with coinciding planes of separation 22, 32.

In the case of the laser amplifier system 10 according to the invention, the
formation of the resonator radiation field sections 26, 36 is therefore defined
by the optical set-up of the resonator sections 20, 30, in particular by their
optical resonator elements 24, 34, and is independent of any optical behavior
of the amplifier unit 14 which is inserted between the planes of separation 22,

32 in the split resonator 12.

In the simple example of a stable resonator 12 illustrated in Figure 1, the
optical resonator elements 24 and 34 of the resonator radiation field sections
26, 36 are, for example, reflecting and, in addition, focusing elements,
wherein the optical resonator element 34 is not designed to be completely
reflecting and so part of the resonator radiation field section 36 is coupled out

into an exiting radiation field 40.

The amplifier unit 14 which is designed to be optically independent of the
resonator comprises, as illustrated in Figure 1, for example, an amplifier
module 50 or, as illustrated in Figure 3, several amplifier modules 50 which
are located between the planes of separation 22 and 32 and form the amplifier

unit 14 in Figure 1 or the amplifier unit 14' in Figure 3.

In this respect, each of the amplifier modules 50 extends between first and
second module end planes 52 and 54, wherein in the case of the plurality of
ampilifier modules 50 which are arranged one behind the other in the amplifier



A first enbodinment, illustrated in Figure 1, of a |aser anplifier system 10
according to the invention, which is arranged al ong an optical axis OA
conprises a resonator 12 and an anplit1®r unit 14 which is designed to be
optically independent of the resonator 12 and borders on resonator sections
of the resonator, which is designed to be split, in a direct optical manner

with end phal@s 246l @teatd8. inAFig @eoBalvith dohseestied aehpididbemsglilies, for to be
understood in fhat resonator Sections 20, 30 extend fromtwo respective
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| ayout whihe maddares! plhaestSde ampbbi er unit 14 does not exist optically
and the virtual planes of separation 22 and 32 coincide, as illustrated in
Figure 2, so that the optical behavior of the anplifier unit 14 is not
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Siegmann "Lasers", Univ. Science Books, Mill Valley, CA, USA, 1986, pages

581 et seq. or in YARIV, Imaging of coherent fields through lenslike systems,

October 15, 1994 / Vol. 19, No. 20 / OPTICS LETTERS, page 1607, this means

that

0.97 < |Al <1.03
-0.2m < B <0.2m
-0.2Y.< C <0.2%Y,
0.97 < [D| < 1.03,

or better



The anmplifier unit 14 which is designed to be optically independent of the
resonator conprises, as illustrated in gigure 1, for exanple, an amplifier
nodul e 50 or, as illustrated in Figure*3, several anplifier nodules 50

whi ch are | ocated between the planes of separation 22 and 32 and formthe
anplifier unit 14 in Figure 1 or the anplifier unit 14" in Figure 3. In
this respect, each of the anplifier nodules 50 extends between first and
second nodul e end pl anes 52 _and 54, erein in the case of the plurality of
anplifier nodules 50 mhid%%gre éﬂﬁﬁﬁggdégne behind the other in the
anplifier - 18 - unit 14),1 @S kl lpuskr@tiegh in Figure 3, with consecutive

anplifier nodules, for exanple the anplifier nodules 50a and 50b, second

nmodul e end pl anes 54 coi n@ilddmwit & t KeD-Aextn fol | owing first nmodul e end

pl anes 52, i.e., for exa , t | gsend pl anes 54a and 52b.
Furthernore, the first rmrﬁglt??e e%ad;]})g;iéeba of the first anplifier nodule

50a of a row of consecutive anplifier nodules 50 coincides with the end

pl ane 16 LlLe._the cond .nodul e end pl ane. 54n.of the | ast. anpli,fier nodul e
Bon ol ndldbs SASEIPFIRE Sebimydermaies . B8 risheRa, % afaind TBotplehe

pl ural i t poodarpbeldohsauctarop8salBOinothet R sevatieliicfrwayy.t 14' the anplifier
nodul es 50 which nerge directly into one another in the area of their
nodul e end pl anes 52, 54 adjoin the resonator section 20, on the one hand,

and t he Qﬁ%)ﬁﬁgt@mgﬁtﬁﬁﬁém, gﬁe _agﬂ;)ltfﬁzg r{gbalﬁlfe ﬁ@egmﬁfse%}p%i'&bihrrﬁégmgl t 1i- s
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in A E pRitegmeihersadeasd 64Uipyescrt e @idkaoks usthilih 14880 S)stead  USA,

1986, pages 581 et seq. or in YARIV, |Imaging of coherent fields through
| ensl i ke asg@tding to the Sbeprad paboy gpplisetions 0 §@2 524 A. APTHES9SEETERS, page

1607, thife WBBRSg Wrthe small solid-state plate members 62 and 64 has been omitted

in the principle illustration according to Figure 4.

Pumping of the optically amplifying laser-active medium LM in the small solid-
state plate members 62 and 64 is brought about by incoming pumping light
radiation 66 and 68, respectively, which generates in the small solid-state
plate members 62 and 64 a pumping light spot 72 and 74, respectively, which
is, for example, of such a size that an amplifier module radiation field cross
section 76 and 78, respectively, is located in the small solid-state plate
members 62, 64 within the pumping light spot 72 and 74, respectively,
wherein the pumping light spot 72, 74 is preferably dimensioned such that it is
at least as large as the amplifier module radiation field cross section 76 and
78, respectively, but encompasses it completely.



0.97< Al <1.03 0.2 m<B<0.2m 0.2Vm<C< 0.2V, 0.97< pi
19 - 0.99< Al <1.01 -0.1 m<B<0.1m-0.1 Vm<C<O0.11/,"

0.99 < 1D

<

1.01. In the case of the solution accod@ifng to the invention, the anplifier

nodul es 50 can be constructed optically in the nost varied of ways.

The imaging elements 56 and 58 as well as the small solid-state plate
members 62 and 64 form, altogether, an optical system 80 which defines as a

whole the course of the amplifier module radiation field 60 between the

module end planes 52, 54.

This optical system 80 is preferably dimensioned such that the ABCD matrix
has, according to the theoretical approach in A. E. Siegmann "Lasers", Univ.
Science Books, Mill Valley, CA, USA, 1986, pages 581 et seq. or in YARIV,
Imaging of coherent fields through lenslike systems, October 15, 1994 / Vol.
19, No, 20 / OPTICS LETTERS, page 1607, the values:

preferably:

even better:;

An optical system 80 having such values is designated within the framework of

the present patent application as an optically quasi-neutral system.

0.97 < JA| < 1.03
-0.2m < B <0.2m
0.2, < C <0.2Yn
0.97 < |D| < 1.03,

-0.98 < |A| < 1.02
-0.15m < B <0.15m
-0.15Y, < C < 0.15 Y,
-0.98 < |D] < 1.02,

-0.99 < |A] < 1.01
-0.1lm < B <0.1m
-01Y,< C <0.1Y,
-0.99 < |D| < 1.01.



In a first enbodi nent, the anplifier nodule 50 conprises optical inmaging
el emrents 56 and 58 V\/m ch define an anplifier nodule radiation field 60
whi ch extends between the nmodul e end-pdanes 52 and 54 and whi ch passes

t hrough an optically punped | aser-active nedium LM which is enbedded, for
exanple, in small solid-state plate nenbers 62 and 64, wherein the small

sol i d- st af,en RIS SR D Eem & RNWitRdut 8Py BseMd-rélbvandbpksal iaduasedohn | aser
systens according to the European patent applications 0 632 551 A. In this

respect , theeesositongrastestindhemespnateriradistigneigd SPemimgiiete 6508864 has
been omtted in the principle illustration according to Figure 4. Punping
of the opfically anmplifying |laser-active nediumLMin the small solid-state
plate menbers 62 and 64 is brought about by incom ng punping |ight
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end planes 52, 54. This optical system 80 is preferably di nensioned such
that the ABCD matrix has, according to the theoretical approach in A E.

Si egmann aglpaed ¢, ,théjﬂhﬂuerﬁfé 8AG&Re %?ﬁl‘éél sMtkh §eldfaye cfé‘tlcaUEl%peJrQiéﬁ,ofpages
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As illustrated in Figure 4, the first embodiment of the amplifier module 50
comprises optical imaging elements 56 and 58 which are arranged between
the module end planes 52, 54 and dimensioned with respect to their imaging
properties in coordination with the imaging properties of the small solid-state
plate members 62, 64 such that, as illustrated in Figure 5, an intensity profile
1P, in one of the module end planes 52, 54, this profile representing some of
the radiation field states and being normalized to a maximum intensity in the
respective module end plane 52, 54, is transformed to an intensity profile IP;
in the other one of the module end planes 54, 52, this profile being normalized
to @ maximum intensity in the respective module end plane 52, 54, ina
manner retaining the intensity profile shape, wherein a retention of the
intensity profile shape results, in particular, in a central area Z which
represents the smallest cross sectional area of the respective intensity profile
IP;, IP, which comprises 80% of the overall optical power, even better 90 % of

the overall optical power.



0.98< IAl <1.02 0.15m< B <0.15 m 0.15In < C< 0.15 Vm-0.98< I Dl

1.02,

even better:

1/m 0.99< ID < 1.01. - 21 - -22

A quotient of the intensity profiles IP; and IP;, illustrated in Figure 6, shows
that the deviation of the intensity values, which are normalized to the
maximum value, over the entire beam cross section is preferably less than
5 %.

The optical imaging elements 56 and 58 in conjunction with the small solid-
state plate members 62, 64 in Figure 4 do, however, transform not only the
intensity profile from one module end plane 52, 54 to the respectively other
module end plane 54, 52 but also phase profiles PPy and PP, which represent
radiation field states, wherein in the case of an amplifier module 50 which
behaves ideally in an optically neutral manner a difference in the two phase
profiles PP, and PP, results, as illustrated in Figure 7, whereas the relative
phase illustrated in Figure 8 for the case of an amplifier module 50 not
behaving ideally in an optically neutral manner, which corresponds to the
difference in the phase profiles PP, and PP;, results in variations of less than 4
rad, even better less than 3 rad.

In a second embodiment of an amplifier module 50" according to the
invention, illustrated in Figure 9, the optically amplifying laser-active medium
LM is integrated into the imaging elements 56', 58' so that the additional small
solid-state plate members 62, 64 as carriers for the |laser-active medium LM
can be omitted. In this case, the effects of the solid-state plate members on
the optical system 80' are not applicable and so this can be dimensioned more
easily.

In the first and second embodiments of the optical system 80 and 80"
according to the invention, the arrangement of the laser-active medium LM is
independent of its position in the amplifier module radiation field 60; it has
merely to be taken into account for the arrangement of the laser-active
medium LM that the respective pumping light spot 72, 74 is adapted to the

<
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Such an optical system 80 is without any node-relevant optical influence on
the resonator nodes in the resonator radiation field formng in the
resonator 12. In the optical system 8®&ccording to the invention, the
smal |l solid-state plate nenbers 62 and 64 are preferably designed such that
their extension in the direction of the optical axis OA represents the
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PP2, resgut sespectvelyat i ons of Iess than 4 rad, even better |less than 3 rad.

It is possible with such adaptation branches 86 and 88 to adapt the amplifier
module radiation field cross section 76" to the desired ratios. For example, it
is possible to adapt the amplifier module radiation field cross section 76" to
the pumping light spot 72 on the small solid-state plate member 62 as a result

of selection of the adaptation branches 86, 88.

The adaptation branches 86, 88 are designed such that the optical system 80"
as a whole behaves quasi-neutrally in the manner described above with
respect to its transformation behavior of radiation field states in the one



In a second enbodi nent of an anplifier nodule 50" according to the
invention, illustrated in Figure 9, the optically anplifying | aser-active
medium LM is integrated into the inag'i?ffb“el enents 56', 58' so that the
additional snmall solid-state plate nenbers 62, 64 as carriers for the

| aser-active nmedium LM can be omtted. In this case, the effects of the
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respective punping light spot 72, 74 is adapted to the - 23 - anplifier
nodul e radiation field cross section 76, 78 in order to punp the
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nodul e 5 ure 10, the overall properties of the optical
system 8gre%¢de'l1 saf%g‘ @gdlﬁkgt he first and second enbodi nents, i.e. the

optical syst em 80 behaves quasi-neutrally | n accordance with the
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pl ate nmenber 62 is arranged in a plane of |maging 82 of the opticgl system
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particular, mrrors, “have I cation VG equal or unequal to 1 and

i mage théleixhapcbi add!tlonat;luh@rmﬂﬂldle ipmaginglsysggresent in the plane of inmaging
82 onto the nodule end plane 52 and the nodul e end pl ane 54, respectively.
It is possible with such adaptation branches 86 and 88 to adapt the
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the module end planes 52, 54.

Furthermore, the optical system 80" likewise comprises the two adaptation
branches 86, 88 which are based on Kepler telescopes, wherein each of the
adaptation branches 86, 88 images the radiation field states in the module end
planes 52 and 54, respectively, onto the plane of imaging 82, 84 with a certain

imaging ratio.

An intermediate imaging branch 90 is provided between the planes of imaging
82, 84 and this transforms the radiation field states in the plane of imaging 82
to the plane of imaging 84 and vice versa and behaves in this respect

preferably quasi-neutrally within the framework of the definition given for this

above.



The adaptation branches 86, 88 are designed such that the optical system
80" as a whol e behaves quasi-neutrally in the manner described above with
respect to its transformation behavi oré>f radiation field states in the one
- 24 - nodul e end plane 52, 54 to the respectively other nodul e end pl ane
54, 52, wherein one of the adaptation branches 86, 88 has, in particular, a
magni fi cation VG of equal or unequal to 1 and the other one of the
adaptati on branches 88, 86 has the inverse magnification 1/ VG
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respectively.

a fourth

Such a construction is possible when the radiation field pieces 53 and 55,
respectively, which are located outside the amplifier module radiation field 60,
can be parts of resonator radiation field sections 26 and 36, respectively, or of
amplifier modules 50 which border on amplifier module radiation fields 60 or
of radiation fields of additional, intermediate imaging systems so that the
respective, defocusing optical element, identifiable by the specified focal
lengths f,;1; and f;24, respectively, can be arranged in these radiation field

pieces 53, 55 free of interference.

A precondition is, therefore, that the extension d; of the radiation field pieces
53, 55 in the direction of the optical axis OA must be greater than the distance
da11 and dgpq, respectively, of the module end planes 52 and 54, respectively,
from the defocusing optical elements, identifiable by the specified focal lengths

fa11 and fi21, respectively.



- 25 - In afifth enbodinment of an optical system 80" of an anplifier
nodul e 50"", the adaptation branches 86', 88 are not constructed on the
basi s of Kepler tel escopes, as in the 26ird and fourth enbodi ments, but
rather, for exanple, on the basis of Galileo tel escopes with colli mat | ng
optical elenments, identifiable by the focal lengths f al2 and f 822,

respecti \tgh}ﬁer:%lé?@' ﬁHeBQa'gﬁlfﬁagiéhe\/éan tRS caeé |of%@abtét"brd§?é?€dﬁ@sfﬂb 0g8i cal
el enents, 1dentifiable by the focal lengths fan and f a21, resBectlver,
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optical el érrll S, |dent| e by cal | engt alt and fai2 or fan
and fan specified in Figure 12, of the Galileo tel escopes. The defocusing
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radi ation field 60 which extends between the nodul e end planes 52 and 54,
respectively.

In a sixth embodiment of an optical system 80"", illustrated in Figure 13, the

small solid-state plate member 62 with the amplifying medium V is provided in
one of the planes of imaging, for example the plane of imaging 82, while an
adaptive optical element 92 is provided in the other plane of imaging, in this
case the plane of imaging 84. The adaptive optical element 92 serves the
purpose of correcting phase errors, in particular of the small solid-state plate
member 82, for example phase errors generated by the optically laser-active
medium LM which is provided in the small solid-state plate member 82, and so
the intermediate imaging branch 90' together with the small solid-state plate
member 62 and the adaptive optical element 92 form, altogether, a partial
optical system 100 which behaves optically in a quasi-neutral manner within
the meaning of the definition given above between the adaptation branches 86
and 88 which are not illustrated in the fifth embodiment according to Figure
13.

In a further variation of the optical system 80", a further, adaptive optical
element 92 is provided with an additional intermediate imaging branch 90’ in
an additional plane of imaging 84' and so a multiple and, therefore, optimized
phase correction is possible. For example, it would be possible to provide, on
the one hand, a _spherical phase correction and, on the other hand, an

aspherical phase correction.

Such a partial optical system 10 may be extended as required. For example,
in a seventh embodiment of the optical system 80""" according to the
invention, illustrated in Figure 14, an additional plane of imaging 85, in which,
for example, the small solid-state plate member 64 can be arranged, is



Such a construction is possible when the radiation field pieces 53 and 55,
respectively, which are | ocated outside the anplifier nodule radiation
field 60, can be parts of resonator ra#f ation field sections 26 and 36,
respectively, or of anplifier nodules 50 which border on anplifier nodul e

radi ation fields 60 or of radiation fields of additional, internediate
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In a sixth errbodl ment of an opti caI system 80", illustrated in Figure 13,
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to provide, on the one hand, a spherical phase correction and, on the other
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solid-state plate nenber 64 ﬁan b%
explanations concerning the sixt

se\geerclth embodiments according to
Figures 13 and 14, with the difference that optical elements 63, 65 are
provided as carriers for the optically amplifying laser-active medium LM

instead of the small solid-state plate members 62 and/or 64.

In a ninth embodiment of an amplifier module 50" according to the
invention, the optical system 80"""" is designed as a folded system so that, for
example, the optical imaging elements 56' and 58’ are not transmissively
operative imaging elements but rather reflectingly operative imaging

elements.



- 27 - provided between the planes of imaging 82 and 84. In this case, an

i nternmedi ate i magi ng branch 90 is provi ded between the planes of imaging 82
and 85 and an internediate i magi ng bra#®h 90' between the planes of inaging
85 and 84 which, together with the small solid-state plate nenbers 62 and
64 and the adaptive optical elenment 92, formthe partial optical system
100" which is arranged, for its part, between the adaptation branches 86
and 88, which are likewise not illustrated in Fi%ure 14, and behaves

al t oget hén the sameywayi amieutheafirsienreed imiartii Hluskrates i Figyirer4. 3meall nvent i on

ccor af ngol e PRyETORE o7 BT AP B el T d BORERNGEIBE TRl o4 o5 63

and 65 destgseed ths opbiegl ingadihgraaingents 56pam:t/5&ed in the planes of imaging
82 and 84, in nodification of the fourth enbodinent, illustrated in Figure
11, as carriers for the optically anplifying nmediumV instead of the snmall
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0 the

system 8 accordi sevént h enbodi ment behaves in a quasi-neutral
manner . The ei ghth errbodi ment can experience the sanme nodifications as the

fourth e esu ser n_of i ement
92 in on ‘gﬁ'éa'ﬂ I‘P&E‘Bfmntba Hﬁ gﬁe%%%hgnoao@%,uei%ﬁﬁéfwg aseFadlCtlgér ence
i s nmade trﬁ’edlt]ﬂ’l eNPbEH e mtBNemeearaERt, Nlusthetesi it Figared 13 eise M Ianardgydhorrents
according to Figures 13 and 14, vvlth the di fference tha# gg, eh_éqrgsnts
63, 65 agbe ﬁﬁé@?@i@ﬂ"%d'ﬁ'@“ltl arrengsd 1p fkhe dmaging p()e Qi %&l st ive
medi um L%é%ﬁﬁ%ﬁgloﬁn%ﬂﬁtm hcﬁcg\)s‘éer%tQ@'e'"'mc%h%é@mifﬁecﬁz and/or 64. In a

ni nt h enbodi nen anplitier nodul e 50" according to the invention, the
optical system 80" is designed as a folded systemso that, for exanple, the

?Prglgfﬁlg I8, @ggﬁreﬁgﬁggﬁh\g%’s r%ﬁ% ﬁteoa ?r@génattf)?'ﬁ%%%'n}(@ﬂ\éhdﬁpﬁrtﬁtﬂh\ée

r |ngyoperat|ve|mag ng el ements - 28
- In the fﬁmﬁmwlraent of tine |dsier stm elifieds ysbemn, addor disgriat e innefligor €n4,

smal | solid- stat Iate s 6 64 are arran erat | for
oxanl o PO I B IRRGA2 icag Ny P brEh o5 B8 htipes d8igh dnd Fhe
amplifier unit 14 can be arranged at the most varied of locations of the

resonator.

In Figure 18, a confocal stable resonator 12' is likewise illustrated as second
embodiment of a resonator according to the invention and in this case the
planes of separation 22 and 32 are, however, located in the area of the optical
resonator element 34, namely between the resonator element 34a and the
resonator element 34b, wherein the resonator element 34a is an imaging
resonator eiement and the resonator element 34b is a refiecting resonato

element.

In this embodiment of the resonator according to the invention, the resonator
section 20' extends from the resonator element 24 as far as the plane of

separation 22 and comprises the resonator element 34a while the resonator



The optical system 80""" is |ikew se di mensioned such that it is,

al toget her, quasi-neutral within the neaning of the definition given in
conjunction with the enbodi nents desct #Bed above. In nodification of the
ninth enbodi nent, the optically anplifying |aser-active nmedium LM of a
tenth enbodinment, illustrated in Figure 17, is, in analogy to the second
enbodi merkection FANgethfintdshallyregialdared en@rtysebfgndarkbthdenshetfiate e

di rensioning of the optical system80""""' can b% Ei rTF_I hf‘i,u_ed. A confocal
r esonat oSCRARYUpPELEKt BiF ERflecHBg TapeRates SleMeah SRV NIGR AFedivt 3OS st

embodi menhe Hakd 8 sapratRmPssfier systemaccording to the invention. In
principle, the resonator 12 can, however, be of any optional design and the

anplifier unit 14 can be arranged at the nost varied of |ocations of the

resonat Orpy, | i 18, f I hl kew se
illust ratTeh %‘Q'ﬁbﬂgﬁﬁa@,ﬁo?ﬁ%@ﬁ@%“i& ?ﬁé@né%@%r\g% grsilggaét%gg[lt he invention
and in t kinsbediseerithendotamesisefansamatifier onod e &itdoi32e\earal amphéeer , | ocat ed
in the area,of the optical resonator elenent 34, nanely between the
resonat ofM@#¥FEMY 34a and the resonator el enent 34b, wherein the resonator
el ement 34a is an imgi ng resonator elenent and the resonator el enent 34b

is areflecting resonator elenent. In this enbodinent of the resonator
accor di ngNtatRif: eMkadifiesh of ehespagkiat br acerdingntoote BYEBHBB: from t he

r esonat or; t f t:he- Rl 0 i nprises the
Fesonat o EER by of Horipie NTBLA o the BEYALSOBneanat s 2R
i nfinitesinstable resahdtoand " pmhelrginexttdedsmbedimeent dlbetrptethin Bigused&r ati on 32

and the refl ecting.resaonater, el epent 34b i ch directly .adjoins_t.he plane
o “separ AFoR PoStEERERER?Eng SBHRRL reliRatil GRSt PR RUIRGHRE Pay s
in the firesénaobetiment wiild themesosgtorrel@meht B4ers o deeolfitharingever al

anplifier nodul es 50.
resonator element,

In a fourth embodiment of a resonator 12™ according to the invention,
illustrated in Figure 20, the resonator element 34" is, in the case of the
unstable resonator with a "negative branch", likewise designed to be

collimating.

Whereas, in the case of a stable resonator, the position of the planes of
separation 22, 32 can be selected optionally within the resonator 12™, in the
case of the unstable resonator 12"' the position of the planes of separation 22,
32 has, for example, to be selected such that they are located as close as
possible to the collimating optical resonator element 24™ in order to ensure
that the radiation field states generated by the resonator radiation field
sections 26 and 36 in the planes of separation 22 and 32, respectively, are
guasi identical since only in this case can the quasi-neutral amplifier unit 14
which is located between the planes of separation 22 and 32 be constructed
from one or several amplifier modules 50 according to the invention.



In a third enbodi nent of a resonator 12" according to the invention,
illustrated by way of exanple in Figure 19, the resonator operates as an
unst abl e resonator 12", wherein in the3@nbodi nent illustrated in Fi gure 19
with a "positive branch” the optical resonator elenment 24" is the
collimating resonator elenent while the resonator elenent 34" is the

decol | i makifpg i@ sedtat-efereh&NiadbnNndufl @uithl mwabedih |@fatorisesrhat or 12"
according to the invention, illustrated in Figure 20, the resonator el enent

34" is, repnashtedBe descripdon eftheremedypadeaturas: i BArtitER SNeSeRFSEN" |

i kew seopla%hg iffe?.rpgdé?l%ls.' imating. Wereas, in the case of a stable
resonator, the position of the planes of separation 22, 32 can be selected
optionally within the resonator 12", in the case of the unstabl e resonator

12" the positd.on he pl gne f at ; X exanple, to be
sel ect ed?'gacftllftl? ﬁﬁé?%@f@rcﬁ% gecsg)tngg&ggﬁclé%gréégp%?& a'lﬁt\a’e g&?’he collimating
opti cal nmmegn% efi@p:erm,&ﬁis isrum@?d b aen'lfﬁgln’f:sdimw:br!alnd Iﬁ;né\iim ispglth i el dh
states generate t he resonator radiati [ ectio 36 in the
pl anes ofn B¥pares Ptv)H"e?E'aéWé Eepra&tﬂ)@%?%vgay?o ﬁ}% %&%?PF@%W@ 'Si nce
only in HRiHgeasfetpRniihe SIUAS oPQEPARItIHTRS | 8 & tHEiskmdwahidhini thel ocat ed
between the pl anes of separation 22 and 32 be constructed from one or
several angtadingemantlimestsendoeberenag is cadsein fwiie thencommengs onAes or t he
rest, re %&'?ﬁﬁg 'eﬁw%foqﬁ?'n[es i rés%&k??o PRESEAUNGs BX BhidnRhbIFS lYHi# h respect

to the déscriptyon e Temalni eatures, in particular the features of
the anplifier nodules. In a fifth enbodi nent of a resonator 12"" accordi ng

to the ipventign, illustrated in Figure 21 this is designed.as a. ring
F esonat ot i kalfostiPenf of % neenatigiBef Srsteih Sobdrlt i b e iRk D2, 22
so that thetiedih iFrdurenl, the icSopstanued Redewgied BE aph@nes rédoriepar at i on
22, 32 in the sane way as in the ‘_precedl ng enbodi nents and reference is

made in Wigh isoupstabloiinEis Blags afttrapiegeWNREEBHHEd ARet of AFRIAFEE bt to
t he feat S LT hE 4l ' j

anpl § 1 e 2ot 2op aecas CRE AscPoqtibib to ek b I S P T Horlo See B e
r esonat o2412similardodési yretdbksregsohgtari d resonator which is unstable in the
pl ane of drawi ng, wherein the planes of separation 22, 32 are |ocated as

cl ose as possible to the collimting optical resonator elenent 24", simlar
to the unstable resonator.



- 31 - PATENT CLAIMS 1. Laser anplifier system conprising a resonator (12)
with optical resonator elenments (24, 34) determning a course of a
resonator radiation field (26, 36) propagating along an optical axis (QA)
and at | east one |aser-active nedium (LM, characterized in that the
resonator (12) is designed as a split resonator (12) and has a first
resonat or section (20) extendipngfeopra ¢iLrst wigrtual pl ane of separation
(22) and a second resonator section (30) extending froma second virtual

pl ane of separation (32), that the resonator sections (20, 30) are

di mensi oned optically such that the resonator radiation field (26, 36) has
radi ation field states corresponding to the sanme resonator nodes in each of
the virtdal pl aaser ampifpasasticon ¢@RprisiPg, that an anplifying unit (14)

optically independent, of, . .the resonator i r . irst
OPe The Yecondavrontarettal utE pBEEaClesbhator SoReBl ¥54, 28 MREAAI. ol ¢
conpri sing t he aadodre@®f aorsohat®  raadtiorefigeidiaen I8)Mropadating@lomg ahhe

radi ation field s,ta]tes, corresrgj)ndknag to the sane resopato des in a
neutral manner ORFER 2SO a8 ehieack OpRARSH - AT M UM ) anml i fi er

system as def i RRdrdefet A thatHhar @EbRALATA 2) s HBSgnkBCasPERbIif Yédtthatish t
(14) conprises at |least one anplifier nodule (50) having the at | east one

| aser-active médZhandlhgs. a Srstimsenatarpactivar(28y sodendisgdeemnadirstn cl ai m 2,

characterized i Lif] : s in an
optically neut 'FQFE‘%%@?%L%%HE?%%”QQ 0 ﬁegércgégﬁggbgtﬁ'ggé@g!gﬁhgpzser
amplifier systextaslidgffromd secorldaviniudl ptarer af separationi (32)hatattthe at | east

one amplifier TodiSol POl PRHPABMOANS JhR AN BhuL PSS trstoy 2t o
resonator radiation field (26, 36) has radiation field states
corresponding to the same resonator modes in each of the virtual
planes of separation (22, 32), that an amplifying unit (14) optically
independent of the resonator (12) is arranged between the first and
the second virtual planes of separation (22, 32), said amplifying unit
comprising the at least one laser-active medium (LM) and coupling the
radiation field states corresponding to the same resonator modes in a

neutral manner with respect to the resonator modes.

2. Laser amplifier system as defined in claim 1, characterized in that the
amplifying unit {14) comprises at least one amplifier module (50)

having the at least one laser-active medium (LM).

w

Laser amplifier system as defined in claim 2, characterized in that the
at least one amplifier module (50) behaves in an optically neutral
manner with respect to the resonator modes.

4. Laser amplifier system as defined in claim 3, characterized in that the
at least one amplifier module (50) is coupled to the virtual planes of

separation (16, 18} in an optically neutral manner,



- 32 - 5. Laser anplifier systemas defined in any one of clains 2 to 4,
characterized in that each anplifier nodule (50) extends between a first
virtual nodule end plane (52) and a se¥dnd virtual nodul e end pl ane (54)
and is dinmensioned optically such that during operation of the |aser
anplifier systemwith at | east an average power within a predeterm ned

power ragge it |hEANShOlifiBr syt 88 defiviealiefanlyeoriepf epanting aadi ation fiel d
states of an anplifier nodul e radiation field $60%Ql)len one of the nodule end
pl anes (52) tochammcsenizad ndasreachampliitemosiyio(2heexiends Reiwsen &ast one

central area (&l r 110 [ ' i [ and t hat
a first one 01S ﬁ%%e\ﬂrntggm% egpﬁgggiggﬁ%%gﬁnﬁﬁddvﬁﬁlr?g@?l?l%igét}ﬁdpﬁl)ane of
separati on (22)plaaned( 5 )s@obisddiomensiénedhepti su ail g epayatian ebupl ed
defined i n ol afte BecbRm BT et Webiaieait T oauEaus phTec MFHER o
defined in cla , r [ t o " area (2)
the intensity pabdi@srdinddhgoivet easgd i wpansfotms(drPntensitppra®d to its
maxi nrum val ue, said intensity values representing._i ndividual radi a%%l(an

field state vareReseaeny sediatioprielastalestdean BPITgRLT JedEsian Ugldt he
maxi num val ue g@o} MEohOGREhO PRodietdiR PRALL §50Ndo RharRBek 8Re oP4he

respectively associated with one another as a result of imaging. 7. Laser
anplifier systewdigde godiplades §54¢) & at Bast 06e cdrad@reni(ZadnienmMeRAEr t he at

| east one anpl i fjer. l. ' ' il

normal i zed to f?'ﬁ@‘ﬁ%ﬁwﬁﬁﬁ?&\%&& ér@%ﬁéﬁ%ab?ﬁphgkﬁghﬁg%‘%bp gﬁg@( 52,

54) to the ot hendwlshesn(5hpduder:pdad tpkaadirtodlanb2)f sepseatiom(23) anda manner
retaining the intensit rofil e shape - 33 _-.8. Laser .anplifier system as
defined in anySSF@ch”élogitBrE rgoggleend; planes (@) 12 GOV RIS thEHREQNY) east one
anplifier I’T’Ddu|p%r(e589 séﬂaﬁ:ggi)ﬁr(@)a phase profile (PP) representing
radiation field states fromone nodul e end plane (52, 54) to the other
nodul e end plane (54, 52) at least in a central area (Z) in a nmanner

retaining the paaseapiffict 8ysiBAPas RrnsdSRIcAPS, thefad¥isadptnatedt ned in
claim 8, characterlzetﬁ)ln t};at t he |1r1 erence in'the phase val ues of the
phase profil es|da@P)in ithe ichetiabaread (A} the intkesity daluescefdths! iatersipysprofda)

respectively assqci ated. wi t.h .one anot her. _as r f . ing is |less
than 4 rad at Z%r@or&%ﬁed tfol_s%%mumq?qﬁ,gsral@@ﬁehm‘%yigaﬁ% ned in any one
of claims 5 tor@pregbatingliedivitliradidtish fidle sterd valuesy devie) froom begponds to
the small est cross sectional, area of tohe agpl i fier nodyl e_rﬁgi tign field
(60) conpri si n@NaHNeR Y airRaxigyemaPl 20 Skl Lo PRXIMWE! Y3'HE D AB8 PPN ati on

field (60). i the module end planes (52, 54) respectively associated with one

another as a result of imaging.

7. Laser amplifier system as defined in claim 5 or 6, characterized in that
the at least one amplifier module (50) transforms the intensity proﬁle
(IP) normalized to its maximum value in the one virtual module end
plane (52, 54} to the other virtual module end plane (54, 52)

essentially in @ manner retaining the intensity profile shape.



11. Laser anplifier systemas defined in any one of the preceding clains,
characterized in that the anplifying unit (14) conprises one anplifier
nodul e (50), a first one of the nodule32&nd planes (52) coinciding with the
first plane of separation (22) and a second one of the nodul e end pl anes
(54) coinciding with the second plane of separation (32) with said nodul e.
12. Laseg, anpl L& amyphitiemspsteftehs tRAnE iﬂfahf@fae of ckiimsreta 71 o 10,
characterized in that the anplifyi nq unit (14) conprises seyeral an%!;i fier
modul es (50). chamgterizer in Hatthg Rl Ipaslepne paiRlifiessnedyledel)itrersfaihe 12,

h teri d i t LE i } ti t
ore arranged ofd L fIELE) AP pe g PRHGR e e e (22 32)
and that in thenadide evld plaoedOBs &8Ntd \tbe atper Mastulensad piane $6%#, &2) At st

ti dul d pl i | ; j dul
end ol ane. (54 HARE IR SoBtEd) 8 zun &t MG el BRI T ety of

the anplifier gndpées (50) the first nodule end plane (52) of a first
anplifier nodule (50a) is coupled optically to one of the planes of
separation (22) and the second nodul e end plane (54n) of the last anplifier

modul e (90n) i $ cauphRfiePs| SR ¥siderinke iatdigim Bl 2AGrattenaRARtHARNE32) .
14. Laser anpli ?l er systemas defined in claim13, characterized in that in

the case of thdifferieneein ithe phapeiviiugs aohd pRagepiofies (FPRY inridpect i ve

nodul e end pl a .CQ}.ACI i i pl ane
(54) and that oA RESJfEhEdhEag i prBR(tR, STashe N RIpRetda Rt |
nmodul e end pl andtH 62% ambtiaer as atreauthldffimagimp duless ¢B8a ¢ rexd sbapémd i n an
optically neutral manner to one of the planes of separation (22) and the
modul e end pl aR@M54n) of the last anplifier nodule (50n) is coupled in an
optically neutral manner to the other one of the planes of separation (32).
15. Laser anplifier systemas defined in the preanble to claim1 or as

defi ned il9-any Lgrer afmplifer sygesyesedingdns amharadf ERINEP (9 S hat t he
resonator (12) .chﬁr%ggﬁiﬂél?q’w ?r%ta\:h%péér{trélea"‘r_@QaEtZ?rc_o('lje%boﬁBg th3fedrhallest
resonat or section extending froma rirst “virtual plane of separation
(22) and a seceness sativaabereect thma(gdificsxoeddiergdiation telde®id vi rt ual

B ranged betweehTE a4 P et o BN, AT SPIRER MG AUt TANatBe, (20

32), said anpl ifieice(e®mdul e conprising the at |east one |aser-active nmedi um
(LM, that the at | east one anplifier nodule (50) is arranged between the
pl anes of separation (22, 32) such that a first nodul e end plane (52) of

the at |@ast ongs@anBhidiiieF systed® as defined in any one of the preceding claims,
characterized in that the amplifying unit (14) comprises one amplifier
module (50), a first one of the module end planes (52) coinciding with
the first plane of separation (22) and a second one of the module end
planes (54) coinciding with the second plane of separation (32) with

said module.

12. Laser amplifier system as defined in any one of claims 1 to 10,
characterized in that the amplifying unit (14) comprises several

amplifier modules (50).



nodul e (50) is coupled in an optically neutral manner to the first plane of
separation (22) and a second nodul e end plane (54) of the at |east one
anplifier nodule (50) is coupled in arﬁ‘bptical |y neutral nmanner to the
second pl ane of separation (32) and that the at |east one anplifier nodule
(50) fornms an anplifier nmodule radiation field (60) between the nodule end

pl anes (33, 54)_a§EHéﬁhﬁllﬁ@ﬁé@tbﬁ'ﬂaéﬁdeﬁhéd||ﬂ$:1%l“ma!lTEJ tharekterisidem thath at
| east an average power within a predeterm ned power range, said radiation

field couplingSeyeat amr:&tﬂ.eﬁm@wea (8P afeEning qmentﬁﬁrﬁ@e@t&aw%ﬁwegewz 54)
to one_ anot her f‘t@r‘ft‘t‘t‘e%'t’hércﬁ‘tl-zﬂvyeeqtu nPE%ﬁEEr Ise FatRIn fiz'?@ﬁénél Bha fentral

area (2). 16. Easer anplirfrer system as de In claim 15, characterized
in that sever athealmm bf the mmﬂwsavempﬁmmmgium €rit)i @ st respedlivainged one

after the other the of n the
case of the coﬂ'é ?le\? %tﬁﬂ?%?g ﬁ%“é‘ﬂ?’ggg %%802"# egﬁ?’e% (Siqﬁhggetnrcrfodule
end pl ane (52) pla$1eC((B£IL)||ﬁdar1 Bpdcaliphéczbl maneet aald mmmercheena.rstgcmhd
respective m)dHIéee pl an

e (54 d that i t t f h. lifi
modules (50) ¢ HEF PR Ehonat SeshaOptand REmpauiE ShAmate Wil of perhoaul
(50a) is coupl sﬁnmmtea%@cﬂtt@g@o'ay i§eglpiat dﬁtrt%ﬂ tbQ)rQ:ﬂ@f e f)l'éﬂ@@'d#nes of
separation (22) and a second nodul e end plane (54) of the last anmplifier

nmodul e (50n) |§el@@’@}§lloéc(32ri a B secandymesile and miprr (540 phEh®taser one of
the planes of fRF P8 (8%50n] fs cbORE ARG B rRYGhERpidlE! [ nod 10 any

one of the prece ng clarns, racterize at the a | er nodul e
(50) represent separabipni (S2). system (80), the ABCD matri x thereof having the
values 0.97< Al <1.03 -0.2 mMm<B<0.2m-0.21lim<C<0.2VmQO0.97< 1D
< 1.03.

14, Laser amplifier system as defined in claim 13, characterized in that in
the case of the consecutive amplifier modules (50) a first respective
module end plane {52) coincides with a second respective module end
plane (54) and that in the entirety of the amplifier modules (50) the
first module end plane (52) of a first amplifier module (50a) is coupled
in an optically neutral manner to one of the planes of separation (22}
and the moduie end plane (54n) of the last amplifier module (50n) is
coupled in an optically neutral manner to the other one of the planes of

separation (32).

15. Laser amplifier system as defined in the preambile to claim 1 or as
defined in any one of the preceding claims, characterized in that the
resonator (12) is designed as a split resonator (12) and has a first
resonator section (20) extending from a first virtual plane of
separation (22) and a second resonator section (30) extending from a
second virtual plane of separation (32), that at least one amplifier
module (50) is arranged between the first and the second virtual
planes of separation (22, 32), said amplifier module comprising the at
least one laser-active medium (LM}, that the at least one amplifier
module (50) is arranged between the planes of separation {22, 32)

such that a first module end plane (52) of the at least one amplifier



- 36 - 18. Laser anplifier systemas defined in any one of the preceding
clains, characterized in that the Iaser active nmedium (LM is arranged in
at |east one solid-state body (62, 64,3%6', 58'). 19. Laser anplifier
system as defined in claim 18, characteri zed in that the at | east one
solid-state body (62, 64, 56', 58') extends transversely to the optical

axis (OA). 20. anrge (80Phd E(bl.ﬂileémtaﬁf@pﬁc&afﬂ?fhdm%llrﬁaaﬁérfmel'l@ﬁrstlmaﬁﬁ 18 to
19, characterized in that the at | east one solid-state body &62 64, 56'

58') has an exPERSPIRLIONARAIISLR perend eodye sty P'éiaﬁs(f?&d)&)ft f atJedsf
direction or eabge dfiofhd i8INS 08 doldieirth eptically Ayt naftigab axi s

(®A). 21. Laser a |er syste ined in a one of clains 17 to 19,
characterized time Sbecunct hanat ofl sepstrator (83) ﬁﬂdsthatéhﬁﬁﬂyei(%’pn%almpilﬁebf a

| ate-1i ke desi ser_anmplif

Gl ai ms 20 to 20 buataer BFhe AMampi FHALEHEaEE SR (o) BOVERIE Doay

(56', 58') is efe mddmel%lnfdwlaheﬂﬁzpﬂs) dgrldg&)matlaﬁ of lthe dasangrhpfifier

systemas defined in a | aims 18 t characteri zed |nthat t he
Pt et e

at |east one s8YFIES¥AE ?vee)vgge@@-wersrgltlyln,%pég SRyaNGdhPeyE"
amplifier ”Ddulrwéos)(? c?%&‘i%ﬁ@ntm&’é%%h QH@ rRHREISH fd strbs.indfe Laser

anplifier systemas ined in an\S/ one of clains 18 to 23, characterized in
that the at | emaduaendolpdes(a2e bbby opeAnasher Boan opgicplly gugsi-anged i n an

o o et TR BB A RiofsPhthd PR here L el e
i ght spot (72, 74).

16. Laser amplifier system as defined in claim 15, characterized in that
several amplifier modules (50) forming an entirety are arranged one
after the other between the planes of separation (22, 32) and that in
the case of the consecutive amplifier modules (50) a first respective
module end plane (52) is coupled in an opticaily neutral manner to a
second respective module end plane (54) and that in the entirety of
the amplifier modules {50) the first module end plane (52) of a first
amplifier module (50a) is coupled in an optically neutral manner to one
of the planes of separation (22) and a second module end plane (54)
of the last amplifier module (50n) is coupled in an optically neutrai
manner to the other one of the planes of separation (32).

17. Laser amplifier system as defined in any one of the preceding claims,
characterized in that the amplifier module (50} represents an optical
systemn (80), the ABCD matrix thereof having the values

0.97 < |A| <1.03
-02m < B <0.2m
-0.2%Y%,< C <021%Y,
0.97 < |D| < 1.03.



- 37 - 25. Laser anplifier systemas defined in any one of clains 18 to 24,
characterized in that the at |east one_solid-state body (62, 64) is
arranged so as to be uncorrelated to-offfical inmaging el enents (56, 58) of
the anplifier nodule (50). 26. Laser anplifier systemas defined in any one
of the preceding clains, characterized in that the at |east one solid-state

body (62,864, Bb&ser @BplifitSspdteAnaederifed iPladyeortd of RYpreced®?y cRiimsB5) of
the anplifier nodule (50). 27. Laser anplifier systemas defined in claim
26, char act eri geeractenizagt in Watghadaserractivggmegiviex(LMgs assgngad imat
anplifier nodu 132 gn ckwosg@dapt ati on branches (86, 88).
28. Laser anpl #%Sér%géyggﬁlg%gtgg@ggg?ﬁgg%n'cI di'm g?, characterized in that
several planes of imaging (82, 84, 85) are arranged between the adaptation

b h 86, . s Lif] def i i i
char act etfseq ErverAnpufies SissBRLar deherig DR an Ehe RSty b ik &t
bet ween two pl ab@saselonienggidnigtat8Dod§4628%), 580, Sa'aestemdptrahbeerselysteem as

defined in claim?29, characterized in that the internediate i magi ng branch

(90) is opti caF“‘G‘yOHgﬁﬁlraaﬁ'? (84)- Laser anplifier systemas defined in any one

of the preceding clains, characterized in that a phase correction el enent
(92) varying an optical path length is arranged in one plane of inmaging
(84) of ©Be anbbsér @nphibalbestepops defineddsanyappe pf climsylst tnl8s defined in

any one of the pLefedift f MdtinedlALa 6id 86fksPatcBba) (62, 620581 351y s 2
st abl e resonat or .

has an extension transversely to the optical axis (OA) in every

direction greater than the extension in the direction of the optical axis

(OA).

21. Laser amplifier system as defined in any one of claims 17 to 19,
characterized in that the at least one solid-state body (62, 64) is of a
plate-like design.

22. Laser amplifier system as defined in any one of claims 20 to 21,
characterized in that the at least one solid-state body (56', 58') is of a

focusing or defocusing design.

23. Laser amplifier system as defined in any one of claims 18 to 22,
characterized in that the at least one solid-state body {62, 64, 56', 58')
is arranged in the amplifier module (50) between the module end
planes (52, 54).

24. Laser amplifier system as defined in any one of claims 18 to 23,
characterized in that the at least one solid-state body (62, 64, 56', 58')
is arranged in an area of the amplifier module radiation field (60)
where its amplifier module radiation field cross section (76, 78} is

smaller than a pumping light spot (72, 74).



- 38 - 33. Laser amplifier systemas defined in any one of clains 1 to 31,
characterized in that the resonator is_an unstable resonator (12"). 34.
Laser anplifier systemas defined in <$4im 33, characterized in that the
virtual planes of separation (22, 32) are located in an area of the

unst abl e resonator (121T) having wave fronts passing through it in opposite

directiong to fhséreamblifidr $yabnt be devipealih ahyadmed of claps Igasep4anplifier
system as defined in any one of clains 1 1, characterized in that the

to 3
resonator (12" charasterizachiy that shetasreasieona eelidigtaterbady (6 Pthisa | aser
anplifier syst rd.Si r L4 h i Ol
lerent s (24 SA QoS ny i Se LT Sled 7 dptih MBI Be BRSSPSR (26,
36) propagati ngf dheagpificopnddele (@0)s (0A) and at | east one |aser-active
medi um (LM, characterized in that the resonator (12) is designed as a
split resonator (12) and has a first resonator section (20) extending from
a first vortualaptraamplifies spsteat bolefin2) iarmhysorse obbite pesaatit@clasmest | on

(30) extending froma.secon i.rtual, plane of separation 2 at__t.he
resonator sect icéﬂrsac(:g@z,ecgm g‘é\\iéhﬁi%éﬁg?to%% SB%‘?TSE%GI%PC&JE@t %%té‘?h§8 )
resonator radi ¢f 5eanbeglid a(;asne%ﬁ)imh@m{ @sliz,a;si;,oss{ betik shiiger ¢R6d@epondi ng
to the sane resonatof nodes in each of the virtual planes of separation

(22, 32), that (8).amplifying unit (14) optically independent of the
resonator (12) is arranged between the first and the second virtual planes
of separation (22, 32), said anplifying unit conprising the at |east one

| aser - aci7Zve medsemafpMieasgsteoupkidedineddnradaiima®bpohéiasteriztdatnethat the

corresponding to the same r nat.or. in_a.neutral er with respect
to the resonat Bfa%‘a%@?a%'?ge(%gt %&d sggooggﬁﬁ?éﬁgli'ﬁercm %m%wc'ﬁaarré@?%? zed in
that the anpli bgtweentivb ddkbratiOnmprasasesaisd, ee®t one anplifier nodule (50)
havi ng the at | east one | aser-active nmedium (LM.
28, Laser amplifier system as defined in claim 27, characterized in that
several planes of imaging (82, 84, 85) are arranged between the
adaptation branches (86, 88).

29. Laser amplifier system as defined in claim 28, characterized in that an
intermediate imaging branch (90} is arranged between two planes of
imaging (82, 84, 85).

30. Laser amplifier system as defined in claim 29, characterized in that the

intermediate imaging branch (90) is optically neutral.

31. Laser amplifier system as defined in any one of the preceding claims,
characterized in that a phase correction element (92) varying an
optical path length is arranged in one plane of imaging (84) of the
amplifier module (50).

32. Laser amplifier system as defined in any one of the preceding claims,
characterized in that the resonator is a stable resonator (12).



- 39 - 38. Method as defined in claim37, characterized in that the at

| east one anplifier nodule (50) behaves in an optically neutral manner wth
respect to the resonator nodes. 39. Me8Bod as defined in claim 38,
characterized in that the at | east one anplifier nodule (50) is coupled to
the virtual planes of separation (16, 18) in an optically neutral manner.

40. Methogs as qekbPgehplificARY st a@fdeFinRidmh a1y bRe 39 claifmar pes ani, zed in that
each anplifier nodule (50) extends between a first virtual nodul e end plane

(52) and a sec&haraatetized TRl becipgopptaids @uyndally esenatsilehed
optically such that during operation of the laser anplifier systemwth at
| east an average power within a predeterm ned power range it transforns an
i nt ensi t \B4pr of ilaser epipdisientsiysigem adi defined ihi déidn SBatcbsrastedredimpthdHti tine

nodul e radiation, field (60) in_one o nodul e_end. pl anes to the

Coher Cono_of t NItHGRIPBEERE sePafbr a2 Bt Eal whaT 8% PEfe oa () in
a manner retai RindgallBGeEtMABBI(TY" h@&ihﬁewwtaﬂ@n@@gaw tArdudisit iane of the
nodul e end planes (52) is couple the first planehg separation (22) and

I to
a second one oPPPREtEWHRCEOBRAC Mtderst (B 4y of $he Qysratdianeti®é: second pl ane
of separation (32). 41. Method as defined in claim40, characterized in
that at least in the central area (Z) the intensity values of the intensity
profile @5P) ndesear Brwdifieo systermasgidaimedanuany eate @fickiesst ty 3al ues

represent  ng | vl duale el 4 (.8l de sl ALArial uas, dexigbe 11om one

anot her by a maxi nmum o e maxim |'Ue in |'0Cations in the
nodul e end pl anes (52, 54) respectively associated with one another as a

resul t of_ i magi -. 40 - 42, Method as defined in claimd40 or 41
char act ed®zed i"E&bﬁQthf FettRg ]"Bé’s'tasﬁﬁé o SYEFeMhsQIIR 1989 1SSREHYr ns t he
intensity profiche) With opaEdTBres8Rstor @lémentr24TuBa Y abteemiifing e ceDBeVaf t ual
nodul e end plane (52, 54) to the other virtual nodul e end plane (54, 52)
essential |y i nadresRAREY fagiatian figld (26,i3f)amoprrgaiirgdleng snartical axis
(OA) and at least one laser-active medium (LM),
characterized in that the resonator (12) is designed as a split resonator
(12) and has a first resonator section {20) extending from a first
virtual plane of separation (22) and a second resonator section (30)
extending from a second virtual plane of separation (32), that the
resonator sections (20, 30) are dimensioned optically such that the
resonator radiation field (26, 36) has radiation field states
corresponding to the same resonator modes in each of the virtual
planes of separation (22, 32), that an amplifying unit (14) optically
independent of the resonator (12) is arranged between the first and
the second virtual planes of separation (22, 32), said amplifying unit
comprising the at least one laser-active medium (LM) and coupling the
radiation field states corresponding to the same resonator modes in a
neutral manner with respect to the resonator modes.

37. Method as defined in claim 36, characterized in that the amplifying unit
(14) comprises at least one amplifier module (50) having the at least
one laser-active medium (LM).



43. Method as defined in any one of clainms 40 to 42, characterized in that
the at | east one anplifier nodule (50) transforns a phase profile (PP)
representing radiation field states fr&fone modul e end plane (52, 54) to
the other nodule end plane (54, 52) at least in a central area (Z) in a
manner retaining the phase profile shape. 44. Method as defined in claim

43, charagteri prEhbA afsfwéﬂr{efaan%lémeen@ﬁaréttéh@edphaaeamletmsleaf,t bhe phase
profiles (PP) in the locations in the nodule end pl anes @)tih
s | ess

respectively agﬁﬁdif@ﬂ’éﬂowlﬁl‘(@dé’e&\%’?ﬁ@ aasoRtiGadly nqute! mﬁﬁ@?"n

than 4 rad at i Qas defined in any one of clains 40 to
41, characteriz ?g e%é%@?ﬁg{e r?ﬁ(zn%tgﬁtra area (Z) corresponds to the snall est
Cross secti onal area of the arrpl ifier nodule radiation field (60)

conpri si 0 t.he ovver of ion
Frerd (609 a6 ioten s SRIMERH i QAW edcybiruBPed i flar BE gt epB LAt
characteri zed et mb@ulémcm)ﬁylcag ledli to {4y ira@iplarsssofeseparptioni er
nodul e (50), a first one o end planes (52) coinciding with the
first plane of (§ephPhin 8 C{%W”érﬁ@”&"aié'&@?fbg‘bne of the nmodul e end pl anes
(54) coinciding with the second plane of separation (32) with said nodul e.
47. Method as defined in any one of clains 36 to 45, characterized in that

t he anpl ¥0yi ngMsathed @sadefiaein mos@\ﬁémim@ﬁiw@@n chofAteszedd) that 41 -
oaules (505" SREh AR BUI (B0 HREAGE BEki &t st Hna BBRLISERY | |1

nodul es (50) form gane e arrange oneater t eother ween
the planes of g&prar (ﬁZ)oanc( azsecaa)i \arrtdathaidulmehtholalaeé%j antes consecuti ve
anplifier nodulges res ve nDduIe 52 coupl ed
to a second reﬂf@@%‘?\? |C@ l%ﬁ&'cﬁ%éﬁédk‘gﬁ? qﬂ?ra tsgtef‘?%ﬁ ngéUPﬁfé manner
and that in theysRinh (Y aPledsh@naa®irabe GowadwitRm é@@édéﬁé@n’fmé@bomﬁul e end

pl ane (52) of a flrst anplifier nodule (50a) is coupled opticall to one of
the planes of $epag Httransfops afhinteRets PEQIE PRERRN LB asliahien 'S ) of the

l'ast anplifier Eﬁ%glo?@%%hhﬁr WEQ%&BHO @lélﬁi&@)ﬁ@%n@téﬁhe%%ﬁleo‘c

separation (32) ed In c aim characterized I n that
in the case of enteplanes 652 to thanpharf oree oﬁﬁmnmms@pdaalanesﬂsﬂbﬁpét:u ve

dul d pl d t.h I
(54) and that - Tpst RSP SR 20rE Emprer et BRG e Pudftn e o1
nmodul e end pl a@aapé%)wdoiha@affnfsston@mﬂmfel wibdoteehé plafss) (52 isaoppad ton an
optically neutral manner tq one of t | anes of se ara |on§rg%c§_%j and t he
nodul e end pl akBe fisshglape Qfﬁ@plaé"s*tﬂo'h2§¥fﬁpara ﬁ?ﬁﬂrﬂde S6hFhe BIE8d in an
optical ly neut nadn B is(@upl& & Be séhPhlaheodepapsatioh (3gparation (32).

41, Method as defined in claim 40, characterized in that at least in the
central area (Z) the intensity values of the intensity profile (IP)
normalized to its maximum value, said intensity values representing
individual radiation field state values, deviate from one another by a
maximum of 20 % of the maximum vatue in the locations in the
module end planes (52, 54) respectively associated with one another

as a result of imaging.



50. Method for setting up a |laser anplifier systemas defined in the
preanble to claim36 or as defined in any one of the preceding clains 36 to
49, characterized in that the resonatof0¢12) is designed as a split
resonator (12) and has a first resonator section (20) extending froma
first virtual plane of separation (22) and a second resonator section (30)

ext endi ngof r ompetE66 ARMUefiHdLR clBind @ &f 48cadraktarizdddP)that kBé atlledgast one
anplifier nodule (50) is arranged between the first and the second virtual

pl anes of sepaPBEidAPfer megyle 620 trarpiormsdhenpErRMEtYcBiRile 1My the at

| east one | aser; \i ' : I I nmodul e
(50) is arrangggﬁﬁad"t%gde;@t S(Lawpa) @%@% aééﬁgrﬁgﬁngnﬁ(?%%} 32§Lﬂ§%{?‘ﬁ %lﬁg? a
first nodul e efB2pbéhto tixRptlodr vinkahmaodide tencinplanadl5df iS) assentially B0 i s
coupled in an optically .neutral. - 42 - nner. to the first plane of
separation (2praawrar%%@&ﬁj&ﬁ%%?Es'éﬁarﬁs:@@éﬂ) of the at |east one
anplifier nodule (50) is coupled in an optically neutral manner to the

second pl ane of separation (32) and that the | east ,one anplifier nodul e
(50) for & an Mﬁﬁhg?jiaérderrﬁ't?ﬁ@ ?%ﬂpa?iogr?laf'm%&(t%d}%ft?@@ﬁ%‘gﬁ” Y e end

planes (52, 54)hgubidi:t QPR SfpRflePddifie (58P EradERrinid 8 pHBLaLABHI tPp)at

| east an average power wthin a predeterm ned power range, said radi'ation
field coupli ngremeseatinatrbpdiationelieldsttatessrom eme medile enehelapeddds S@32, 54)
to one anot her _j i I I = r ; | tral
area (Z). 51. I%Elﬂggtlgéé)'l @@?#UA%SH#?%T%?%BS#) gﬁ%@t‘@trai 'ézeg'?éllnértaﬁgtzﬁgrgver al
anplifier nodulkasanh®) rétiningghampherstiprefile siapearranged one after the ot her
bet ween the pl anes of separation (22, 32) and that in the case of the
consecutive anplifier nodules (50) a first respective nodul e end plane (52)

is coupled, in MetRBHiasaddnnatemt &aim BN ReGrd @efzE6€@ 49 fidat @RPEIFlr¥ecampdul e end
pl ane (54) and that with the entirety of the anplifier nodules (50) the

y | ) €
first nodul e efide phase vebes ofithe phasa peafiles PRy InndUosatignain the coupl ed in
an optically n n ; £ Faty Rhrand a
second nodul e g‘hgdd%%ae@né@&?ggﬁt Eg?lﬁ-%&tédt&g%ﬁ?ﬁ%e@'an%gﬁﬁgﬁzdg%%r(cl%sLgoupl ed
in an optical | pseergsuit! ofmamegingtie lagsethanherad e every peindl anes of separati on
(32). 52. Method as defined in any one of clainms 36 to 51, characterized in
that the anplifier nodule (50) represents an optical system (80), the ABCD
matri x taer eof Mekbd Gistdefing wesny ofé<of ofdims 40 83 410.charactBrized i that 0. 2
1/m< C<0.2 1Am i
the central area (Z) corresponds to the smallest cross sectional area of
the amplifier module radiation field (60) comprising 80 % of the

overall power of the amplifier module radiation field (60).

46. Method as defined in any one of claims 36 to 45, characterized in that
the amplifying unit (14) comprises an amplifier module (50), a first
one of the module end planes (52) coinciding with the first plane of
separation (22) and a second one of the module end planes (54)

coinciding with the second plane of separation (32) with said module.

47. Method as defined in any one of claims 36 to 45, characterized in that

the amplifying unit (14) comprises several amplifier modules (50).



0.97< | D < 1.03. 53. Method as defined in any one of the preceding
clains, characterized in that the | aser-active nedium (LM is arranged in
at | east one solid-state body (62, 64,456, 58'). - 43 - 54. Method as
defined in claimb53, characterized in that the at | east one solid-state
body (62, 64, 561, 58') is arranged in the anplifier nodule (50) between

the nodubg, endmatRdeas(detineddh. cldim 4ybichaehcasrigal imethti severai ambhfiéro 54,
characterized in that the at |east one solid-state body_ (62, 64, 56', 58')

i s arranged i nmAfueeEEOF frRENamN FRYELY fhB@rEaNass e éﬂeﬁt@?d’tk‘@b) wher e
its anmplifier pagybs E@%b?&ﬂf)%rbffée%a‘ﬁaﬁﬁﬁgizsgﬁ § bAg tﬁzém 7% chse sFBAd er than

a punping |ight spot as defined 1n any one of clains
53 to 55, char acnsedutivé amplifieit modeies (TR firgnespetctive smeduwe isodyplese, 64)

' d b 3 56, 58
of the ampli 1 6 bR eEE) o ErBhRtekBatRld RS Ias SR E b ol e 5
ggl 56,589;1ar act eptiz@ld/dn.euttrbamatrherﬁnd! e tin mhe8e$m||r§tgﬁ sﬁgteea?xmdiﬁewz | 6;1

, I'S arrange .ane o magl n 0] e a ITrer
modul e (50). 581° @Saﬂweﬁétfqtrfgadp% ‘?J%P%%é?éh%fr%gf%ﬁﬁ‘%hp ®h that the
pl ane of inagi Hﬂ)dﬁ@(sﬁé) Is8@upﬂédtdg%caf?ltbfoin@rofrﬂh@%léné§gf skfa@dtionnged

bet ween two adaptati on branches

(22) and the second module end plane (54n) of the last amplifier

module {50n) is coupled optically to the other plane of separation (32).

49, Method as defined in claim 48, characterized in that in the case of the
consecutive amplifier modules (50) a first respective module end plane
(52) coincides with a second respective module end plane (54) and
that in the entirety of the amplifier modules (50) the first module end
plane (52) of a first amplifier module (50a) is coupled in an optically
neutral manner to one of the planes of separation (22) and the module
end plane (54n) of the last amplifier module (50n) is coupled in an
optically neutral manner to the other one of the planes of separation
(32).

50. Method for setting up a laser amplifier system as defined in the
preamble to claim 36 or as defined in any one of the preceding claims
36 to 49, characterized in that the resonator (12) is designed as a split
resonator (12) and has a first resonator section (20) extending from a
first virtual plane of separation (22} and a second resonator section
(30) extending from a second virtual plane of separation (32), that at
least one amplifier module (50) is arranged between the first and the
second virtual planes of separation (22, 32), said amplifier module
comprising the at least one laser-active medium (LM), that the at least
one amplifier module (50) is arranged between the planes of
separation (22, 32) such that a first module end plane (52) of the at

feast one amplifier module (50) is coupled in an optically neutral



59. Method as defined in claimb58, characterized in that several planes of
i mgi ng (82, 84, 85) are arranged between the adaptation branches (86, 88).
60. Method as defined in claimb59, chafécterized in that an internediate

| magi ng branch (90) is arranged between two planes of inaging (82, 84, 85).
- 44 - 61. Method as defined in claim®60, characterized in that the

i nternedi at e | MGG torthic-st %@Bne sf sepaetior (VQ)mdopkecahd ynoduererld 62.
Met hod as defined in any one of the greced cla charac[ erjzed in that

a phase correcPlae erBnfnihe @aleaghpy r?é“%'fﬁed'dp gyle HSICQHB s8R r anged
in one plane ofptipEW REuEBfndtindrite RERdcbhap I AREWF 8ep@rion (32) and

that the at least one amplifier module (50) forms an amplifier module
radiation field (60) between the module end planes (52, 54) during
operation of the laser amplifier system with at least an average power
within a predetermined power range, said radiation field coupling the
radiation field states in the module end planes (52, 54) to one another

in an optically guasi-neutral manner at least in a central area (Z).

51. Method as defined in claim 50, characterized in that several amplifier
modules (50) forming an entirety are arranged one after the other
between the planes of separation (22, 32) and that in the case of the
consecutive amplifier modules (50) a first respective module end plane
(52) is coupled in an optically neutral manner to a second respective
module end plane (54) and that with the entirety of the amplifier
modules (50} the first module end plane (52) of a first amplifier
module (50a) is coupled in an optically neutral manner to one of the
planes of separation (22) and a second module end plane (54) of the
last amplifier module (50n) is coupled in an optically neutral manner to
the other one of the planes of separation (32).

52. Method as defined in any one of claims 36 to 51, characterized in that
the amplifier module (50) represents an optical system (80), the ABCD
matrix thereof having the values

0.97 < |A}l <1.03
-0.2m < B <0.2m
-0.2n < C < 0.2 Y
0.97 < |D| < 1.03.

53. Method as defined in any one of the preceding claims, characterized in
that the laser-active medium (LM) is arranged in at least one solid-
state body (62, 64, 56', 58").



54.

55.

56.

57.

58.

59,

60.

- 43 -

Method as defined in claim 53, characterized in that the at least one
solid-state body (62, 64, 56', 58') is arranged in the amplifier module
(50) between the module end planes (52, 54).

Method as defined in claim 53 to 54, characterized in that the at least
one solid-state body (62, 64, 56', 58') is arranged in an area of the
amplifier module radiation field (60) where its amplifier module
radiation field cross section (76, 78) is smaller than a pumping light
spot (72, 74).

Method as defined in any one of claims 53 to 55, characterized in that
the at least one solid-state body (62, 64) is arranged so as to be
uncorrelated to optical imaging elements (56, 58) of the amplifier
module (50).

Method as defined in any one of claims 53 to 56, characterized in that
the at least one solid-state body (62, 64, 56', 58') is arranged in a
plane of imaging (82, 84, 85) of the amplifier module (50).

Method as defined in claim 57, characterized in that the plane of
imaging (82, 84, 85) of the amplifier module (50) is arranged between
two adaptation branches (86, 88).

Method as defined in claim 58, characterized in that several planes of
imaging (82, 84, 85) are arranged between the adaptation branches
(86, 88).

Method as defined in claim 59, characterized in that an intermediate
imaging branch (90} is arranged between two planes of imaging (82,
84, 85).



61.

62.

- 44 -

Method as defined in claim 60, characterized in that the intermediate

imaging branch (90) is selected to be optically neutral.

Method as defined in any one of the preceding claims, characterized in
that a phase correction element (92) varying an optical path length is
arranged in one plane of imaging {84) of the amplifier module (50).



