; fge3eeb@ 6TBL Met hod for Adjusting a Lanp Rel ative tocﬂm ’mmmm ’I
Beam Path of a M croscope and a M croscope Suitable for m he
Met hod The present invention relates to a method for adjustingsgsl anp
relative to an illum nating beam path. of a microscope wthout a beam

honogeni zer and a ni croscope suitable for carrying out tjm‘mﬂﬂmﬂm" mm
adj ustnent of |anps for mcroscope illum nation takes pl
accordance with classical adjustnment criteria which ensure a*Gowegeneous

i1l um nat| ) 1 rE;aq:E1 of a

i cr oscope “&SHE SRR tioat oo AR R TS T
crlterlonlsashar g |g 1 dobe & 51%_, fg,;thellght arc
or of the lanp fi Q)f rara i&gos?o P € 0 jeCI 1\'/a_‘l'ﬁ'|‘s" adj ust nment
criterion can be checked wi th dievahg @.ﬁt ameoMedhbg@d Bertrand | ens which

i mages the objective pupil inthe viewmng field of the mcroscope. In lieu
of a visual conThelpmisehheishantpddnragilages a:cC@Dmearredafaxarad:jestmmmtaed in

t he i mage E%mne of the Bextrand lens and the inmage of the CCD canera is
eval uat ed bR Fedashe phesn dAlpminating Ream BREDMF @& MiEFPHPOPY he

|IIumnat|on|ntheo ct-field itself can be check hono enelty
ande 1§ neCian, 3 pRgh | BaHP IR PR iR e A P BRI AN LI OB R (L TY A

obj ect of Iﬁ['rq d is to always ensure a substantially honbgeneous
i |l uminatiQh i n%t hgé%ggect field. Because of the conplexity of these

cl assical methogig fa%uEEH@n@CHfJitaEBQt foi NG JFRLPOIS Rl nati bR HRsy L0 a
limted extent to an"automatization (in the first assenbly and al so after
an exchangsiaefe banpily iim 2Chbraanes vetht bassshealriacijosenpet anditeesaa
hormgeneous illumnation of the object field without 1 manual

i nt er vent ivdi.choansnee 2 homoganeous dgduménatiom ok ibgnobheet ciipddi-al | y
routine user,s of Fr%crosco RES I & of fen unable_to ke a Ia[%)%adj stnent in

accor dance" Wit APRI AR %t §d]fb§f JUSEREBE | &f BILSFABAGRR A% &P used
in il Tum ngt i;R0.08N16RS 0% ol igf 'H%@pg{i:fu&‘i’d%%rta&%t dchrf hgsg

illum nati ng evi ces ensure a nonobgeneous I m nation o mask to be
i maged. . rg QRaging JMehBOSigHOBoRirckNethdlils, SOl €Re rBigt ¥ect@c t he
illumnating beampath is adjusted to maxi num i ght power of the beam
honpgeni zexf sbet hatp tfidameght iponarhee pupi o bthehebjegtitvesourmhési s
optimally utilized. It would be conceivable to utilize beam honogeni zers
al so for Midrsseepe Gaitexinnt ¢ be @heekawié:h ithet agd1of m sP-salled | ed
fly-eye | ass r.ods, f or in i eneous ,il lLum nation
of the obj SEERRRY, %G’F’aciqht’?%%%f ﬁi’ 8’8 %‘%‘(’;"eedp“ﬁggl) £ e V3 SB#9 he

posi ti oni Rge9h &Becdeamac&esé&we 9 weulé,f taﬂvqehamgc&e@fmp%tfhtﬁg that one
could do conpletely without a |anp adjustnent. The use of such beam

honogeni zeharpoitahingowavech caedat @an b mupuntiedy ihntié dreyeopEanavuh

could not be realized.
the Bertrand lens and the image of the CCD camera is evaluated as

to a sharpness of imaging. As a second criterion, the
illumination in the object field itself can be checked as to
homogeneity and, if necessary, the lamp is readjusted to maxipum
homogeneity. The object of lamp adjustment is.to always ensure a
substantially homogeneous illumination in the object field.

Because of the complexity of these classical methods for
lamp adjustment, these methods are suited only to a limited
extent to an automatization (in the first assembly and also after
an exchange of lamps) in such a manner that the microscope

ensures a homogeneous illumination of the object field without

1



Accordingly, it is an object of the present invention to provide a sinple
nmet hod for |anp adjustnment in mcroscopes which ensures a honbgeneous
illumnation of the object field to be illumnated and is well suited to
automati zation. A further object of the invention is to provide a

m cr oscope which, when utilizing the nethod of the invention, is suitable
to bring about an adjustnment of the |anp automatically which ensures a
honpgeneouBappadl EnteEVeRt i3n + h&npbhe cRthare hgndrhexpe Geshag| symith a

met hod for adjustin | a i,n correspondence to claim1l and a Croscope
having t hethabpeslafly Touige Racr R MLe5080ePTh AT OIERoHENe £Ro

i nvention W i fe u o) p i ms.

The i nventl}'(l\étl)]%é iésjei%g‘g‘eaagﬁl%étr Eelgt%éﬁl |c{‘)a§l%:ehg§§% %%éngt}gg%gogggﬁmﬁtﬁati on

of the illuwgnatigd field is guaranteed also for illum nating beam paths

w t hout beam honopbgeni zers when the areally integral |ight power behind the
pupi | plane of Bédwm MHomogefioperHhirecubyd i dhimidatbrg pawidcepl goge of the
illumnating beampath is a maximumw th the operating conditions of the

| anp bei ngnistrediiwhegrapinist appar&ons espbidiesgl i/l luninatd ngetlhvices emsdrag to
the invention, the areally integral |ight power behind the pupil plane of

t he m cr ostdip@ogBpeens v’e“d%mibéﬁg% ehdhguprek ptarke dmagrd-i-| | uni nati ng beam

path is red by.a detector. and t | a ody is so adjusted relative to
Phe i1 T um R Engias e PeRArE0R o1 neg TEsRF dtbss Sed St e b tBolot ect e
with the detReliabeih @edﬁ??ﬂa@ﬂnls WiPfusitedN e md MRt 39Ght Spbddt e ehe
integral detection of the lNight power takes place only after passing

t hrough t heeatli hphoggm k] isei thag the ligght pbbewv.enBated by tie Irighegni tion
of the invention, a sinple adjustnent criterion is provided which is

except i onadurcends| optidntadd yf otitimedaut omat ed adj ustment of the lanp after a
| anp exchange or for the automated adjustnent of the lanp in a first

adj ust nent . TheFfadPydenkatcaceinablane wdldzenbedr hamndesieess akeo

sof t war e. f'g}emggaéé zoati Qq of 'Itxhtei.c; nv%gt i on i e howe\ég(ra,farln?oo sable in the
manual adj Ust ent ol Hhé Ilﬁmn‘f‘.') HeAUsetnE A et fEnt erteerivn of a maxi mum

integral lgogbh)Pedes1 Laiyebeeniieskid gTHel PRUS IR iRY 1i¢hd Nexperienced
operator than the conventional adjusting criterion of a sharp inmaging of a
| anp ar ¢ ihombhenedpedtlilveipapidn F thansbdcta MBeldlr andld ertserebynber oscope,
which is suitable for automatic lanp 3 adj ust ment, includes notorized
drives faguagpisesdgndependentivloft the positHoningyafnble nkpmpeaalpbite as
wel | as an_eyal uatijon _and cantrol uter. The notorized drives_are

b ef ot abl J°1 FEF oL 1 PEREARY: FRETh E2¢Pp AP HEAAS 1256t CBUSh RO HSPBIEERFE.  The
eval uat i of 2Rt Wil GATRMRINECIHERTEAL I0f GAGH' Blim hapbzged drives

for lanp adjustnment 1n suCch a manner until a maxi mum of t Integral |ight
power is weasds atbwdved,debadtey aTeonprekbohiindmiBeopspds Mndeh ebulde
illum nating beam path or of the mcroscope objective. - The detector for

det ecti nghehebe ixpalizeder can be integrated

Accordingly, it is an object of the present invention to
provide a simple method for lamp adjustment in microscopes which
ensures a homogeneous illumination of the object field to be
illuminated and is well sﬁited to automatization. A further
object of the invention is to provide a microscope which, when
utilizing the method of the invention, is suitable to bring about
an adjustment of the lamp automatically which ensures a
homogeneous illumination of the object field.

This task is solved with a method for a&justing a lamp in
correspondence to claim 1 and a microscope having the features of
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into the illumnating beampath. In this case, it is advantageous when a
reflecting region is provided on the specinen table of the m croscope and
when the detector detects the light reflected at the reflecting region.
Alternatively, a portion of the illum nating beam path can be refl ected out
onto a detector. Furthernore, it is possible to provide the detector for
deteching the |light power nore or |ess open on the specinen table. This
enbodi mentcliadme§pechdidntaggpuabtenfigurabions iaf ithe anvertionewiddi ng

m croscopes as wel| as for use of the invention wthin already existing
seri es of MACOMEsEBRERNt LroB- £he | tRAtYgesr of the dependeat ¢l tector: an

i ndi vi dual di ode, -a four:quadrant di ode.or _even £CD nera. ln the case
of a quadrant di dgnESP“gl ssgﬁSS o1 ﬁtehel irﬁﬁ?g%gtmlfeorn, Y itcﬁa?%m%%etnee(?flgd

wth the iﬂ(igagkfw@ioée&s%epﬂ lﬁni%téapfgélgcgq; QRarahfeddAYALERY Over an

area at the detecfor output. The use o sénsor or a CCD canera is

especi al | yi1aanshaeref vdagnpates wtnoRkebesn HdRogenttars Sviniy Why provi ded
for image docunentation as, for exanple, in reflected |ight mcroscopes.
For appl yiargailhg imtegailodightepdvesrpbehindethsd puptiiddpbandart ithet hr ee

mut ual Iy orthogonal spatial directions relative to the 4 iI1lum nating
beam pat hmderogeops iiestpyssepihehing g ymplih@lpaapedrithe in two nutual ly

di cyl tial di ti d | | ti ich i d
o Che boddiPaRRC i hesh Beboi SuraRyehatp £oa) onsiat e tradiEleng
in the be: | ¥
| ocat i ng Phethe i Htaf, OKRoRAYe, FBh Rt RPN 3Tk i ng

froman i pbthéd RUrdiag, tbhendaverel el AdiNarehllPeintieralpovght i S
determ ned i n dependence upon a position change of. the lanp relative to

t he il unprwer ropldewimtpet huphd/pdanehef | tep micdoshepe b msttdveoptic rel ati ve
to the il]lum nating beam path and, thereafter, the-lanp and/or the

col | ect or Peptpe the _i’h‘Piill_eglﬁ’l"_P? tdfe ther b HYRasAnghRe MM B RAML §r BERBHCD! t he
1 90 POVBL A"ud el A BN ol s DEch LA 19 B gha s of e
shown in § eudi QHLGS, bZﬁﬁ b AWaROehe SNAYIa1F Gynd dowed, Ghiegtad 1ght
m croscope I n section, having a detector I1ntegrated i'n the specinen table:

detected with the detector, is a maximum. What is here important

is that the integral detection of the light power takes place

only after passing through the diaphragm delimiting the light

flow.

Based on the recognition of the invention, a simple

adjustment criterion is provided which i1s exceptionally well

suited for the automated adjustment of the lamp after a lamp

éxﬁhange or for the automated adjustment of the lamp in a_first

adjustment. The adjustment of the lamp can be motor controlled

via software. The realization of the invention is, however, also

usable in the manual adjustment of the lamp because the

adjustment criterion of a maximum integral light power can be

checked much more simply by the inexperienced operator than the

conventional adjusting criterion of a sharp imaging of a lamp arc

in the objective pupil by means of a Bertrand lens.

A microscope, which is suitable for automatic lamp
3



FIG 2 is a flowhart of the process steps which are run through with the
automated | anp adjustnent in a mcroscope; FIG 3 is.a flowhart of the
process steps which are run in the gradient nmethod for |ocating the maxi mum
i ght power and, FIG 4 shows a mcroscope, in section, having a detector
integrated into the illumnating beampath. In FIG 1, the upper part of
the m cros i i 1,3t J p a t herein
o i dent i T Ao apGheit: HrclubE dond T R A

el evati on f@Xaf PFAISEEHeS i 2EGRIAHIANGEHo N Pdih HbCWOBL QRE ahNedallYioh known
per se. Furthernore, the m croscope includes a lens turret 3 5 cont ai ni ng

obj ect i ves adotonitradh compytene iThes movorized-dEivéas aite preffkeatblyngn the
illum nating beampath in the mcroscope of FIG 1 includes, in principle,
t he conpondhlenipaingbeanspath fwthont bepmdoregenbienshe Rba| eyaluation
illumnating conditions. A halogen |anp or a _gas discharge,|lamp, 5 can be
provi ded adngd <F<?ry+ﬁolswwétewﬁeeqwegﬁf%ohﬁeﬁtggfﬁrﬁ*ﬁ &gt §1¥‘F£pqr&ﬁf835, is

|1 mat ed b |l act 9 and, | ired, | i nRtad. |
conbi nat + ofok i AehiiBhehf "n He2Aa Al EEF o Wil GRLEE " e
light and §gidsedss ﬂibhleaglswéﬁt& RG sh2d® By 2Adbtédbrdindnhtéd el ndS the

provided in-the region of the collimted beam path and is adjustable with
respect topuphl glaneubE dhantiliminibénd ildah gathphsagt itheaniangedpe
conjugated to the focal plane of the m croscope objective 4. Alens 11 is
mount ed dodldeetdara.of the field di aphragm 10 and i mages the field di aphragm
10 to infinity. A second diaphragm 12 is provided in the f | ane of

I
lens 11 for -adj G3¢i FRFHOT FPEMPFRAT IRIapRE (1HE ?ﬂ_@e’ééiaéhgggi“& PHERRRAL2 i s
adj ust ed \Ai’%*#‘f res %@3;“%3?5%%@?’%%%?%%*?' anet gflig_n%ggs;t :%gaggd toinfinity by

a downstreanmTens ef I"'ected” i € Vi ew ng beam pat h,

the apert uzgydiaRRoldMilén | S JdMgeEiAPLRJIRA 8XigrdMRel 48 @le BRRcimen
m croscope objective 4 by the tube lens 15 via a beamsplitter 14. The tube

| ens 15 i stabld o echsnmbcpesdopel ahliewhdrd whendéterendevees nthebddghpath. A
| arge area diode 16 is integrated as a detector in-the specinen.table 2 of
t he mi cr osE®fkectgpt Rtt hle dgreofkecténgt rrgian-al ALrepnatiNedrisi 2 pgdesedf by t he

' bj.ecti 4.is detected. This di 16 b fj d
S mpl o | ar Y raymiRafns AR EREh; £at Lo E8BLrar T, Ay SRt Agb T erEo |
configure the diodgelbhoae,asfOtd 342D edlideiad Neidlidecb@Bbr CaRe, this

di ode 16 can thereby si nul’t aneou l'y function to also calibrate the specinen
table in tdededthiagCenéeliqiti Powek mduee foaulegsasiernion6the dimadnmdafl i nes the

origin of the axes as a reference paint, for exanple, as zero point for the
X/'Y adj usttedrite.of Thhe epeedimentt | esperiieldy asmwktablef foherdtingddtibngiti ve
area-of the diode 1? ii}?at | east as | arge ?s thfieP di anet er_ of ,t he f%eld
i |1 uni nat e THRIHEXI BELRI JHGTESEPRRR b8t 3% T Pﬁ°a°gLHtfr AnveRFddt, the
di anet ers afepliReal PULAAUANARTILG LOPRIY: RiErdAitpRsaS the diameter.
The. following are all suitable as a detector: an individual

diode, -a four-quadrant diode or even a CCD camera. In the case

of--a quadrant diode or a CCD sensor, the light power, which is

detected with the individual sensor parts or sensor regions, is

integrated over an area at the detector output. The use of a

CCD sensor or a CCD camera is especially considered when, for

example, a CCD camera is anyway provided for image documentation

as, for example, in reflected light microscopes.

For applying the invention, the lamp can be adjusted either

in three mutually orthogonal spatial directions relative to the

4



For realizing an automated | anp adjustnent, the receptacle or hol der 8 of
the lanp 5 is adjustable by two notorized drives (6, 7) in the two
directions perpendicular to the optical axis 19 of the illum nating beam
path. The collector lens 9 is displaceable in the direction of the opti cal
axis 19 by a further notorized drive 20. Alternatively to a displacenent of
the | anp Siasuntirdtiag bbamquddheoor it els alsot pessibie,5 toaadiso the

di spl aceabl e via three appropriate drives in the three nutually

per pendi cul-amp sqrelty din Yo osutiveddy pevrsmslicullar spatiadudpvections and a
corresponding{y nore conpl ex nmechani smis requi red because the degrees of

fr eedom wotiPHL4REoreQBELEd YChad S aAFFARIRH £ Fhe Ream Patbmidial |y

per pendi cul,ar_directions in endent |y of, each, .ot her. ,The just.ing.drives
(6, 7) of Fﬁﬁpf%ﬁﬁ?%éeaﬂgo??lee@df’ﬁgfﬁ% Wisvggﬁheofreftﬁénéﬁ??gc anh‘g 9 are
drivabl e byeéh ol conputer 22 across an interface 21. The out put
signals of the diode 16 are supplied to the control conputer 22 over the
sane interface Rlgrddi®ntehbBeRod @RS prfbEdbidy Bel Ufed NfcrUgbchingrerlt omati ¢
| anp adjustnment, are explained in greater detail in the following with
respect tomddtimun?light poljersti fig pucikcesgrbdijemts mathiedanandidtaadtisgep 30
which is, for exanple, triggered in that the user 7 confirms a conpleted
exchange ofremmss ipiaial keapisdan, | they masinup gradientaef obhe tldghl1pover
specinen table 2 i ved | n the direction_of,the optical axis of the
nicroscopeﬁﬁﬁﬁﬁf?Féggg 4ﬁﬂeP §BCF PR 2t RBSHY IR 8ﬂged%-d%ﬁH?BﬂPar
thereto so he . dj I 0sli tiane t j p bj ecti ve
4 and, as %éi(;b%lgtequgn{égé,jsdé?gégge?ﬁde ldteo a&?ﬁ‘ﬁ?’%&m@ﬁ? rﬂvﬁﬁ‘ﬁﬁg%?l?s&égl | ect ed
by the m CéINIGRRVrOBHELE P ativd Nt tHY GldlhBaidiog baam giticandse, take

pl ace al so automated if the m croscope has a notorized focusing drive and a
not ori zed tlietaaditee, time tlamp endéor tthe cohlectommptdcalsiashiditedohputhe 22
correspondi ngly controls the notorized drives for, the focusing and the

| ateral pd&iacsions of nehas exipen grasiient) of neheadight zROW T ii\PeghFor t he

f ocusi ng t he géY table.aéﬁ provi ded, then the user receives the comand
via the ke g g%*ﬁﬁﬁh?ﬁ he specinen table that the diode 1~ is

posi tioned diregd |lphebeBebiidle dRLEES IV the LRvéliELdiEAkel WO RIGRY (A2,
33), an assignnent of a variable takes place wherein the value-of a

vari abl e "gmateesgétail withasespeed tioo the vatbaiiment oblowosint tha" and t he
value of a variable "position a" is assigned to the variable "new

posi tion" .Tiggreshe The stoldiowibng uik heweR of the process, fixed pregiven
values are utiljzed_ for these variables in the initi,alization step 31. In a
next step 34, (HE-ah $8s° (eetiartn @ mlckaReons 1§, phatLgmopavied &

col | ector 48088k Ci Qe hNdle (Pecihby GSARsUMe the val ues of the

vari able "new position'. Thereafter, a neasurenent of the |ight power takes
place with the riicade 16 anfhowchaatost tdfe phocoERWUepd WhOth f@\EUnt akes

pl ace as well as, subsequently, in a step 35, a further variable assignnent
t akes pl addrionghhetth Hdev ghtematfed Hampeadivsignenitghn pavdarossopesi gned to a
variable "light_power K of new position". In a next step 36, a decisifm

inquiry takes pi&ce3dal®t®d Hvrchart 9k the Broesss peps, vibsh are run
the gradient method for locating the maximum light power:; and,

FIG. 4 shows a microscope, in section, having a detector
integrated into the illuminating beam path.

In FIG. 1, the upper part of the microscope stand with the
illuminating beam path accommodated therein is identified by
reference numeral 1. A specimen table 2 adjustable in elevation
for focusing 1s'accommodated on the microscope in a manner known

per se. Furthermore, the microscope includes a lens turret 3



"l'ight power of old position” (which Iikew se was assigned a value in the
initialization step) is less than the value of, the variable "light power
of new position". In the event this question is answered in the negative,
then, in a step 37, a variable "actual step width" is assigned the val ue of
a variable "countdown" and in a next step 38, the variable "light power of
new position" is assigned the value of the variable "light power of old
posi tion".comtaniagt obfeptidts Mhefveliich ohly oneibblshowpodnt FIG. A is
conmputed as the sumof the variable "old position" and the product of the
val ue of the vaFfhapteflegsinal iEhuminatdng beaw pakh darthe micresePRatef/e of

light power”. In.a next decisiqn step 40 a check is rvr‘?lrc)jfe as to wh t?er t he
val ue of tWeG'véer&HFEde%mt’dhlpréf‘Egp rdt9he COMBPRSALT SR aTHr R AFeAOFi nit

val ue. I|f [ S 4 A | N At i i nt I ine
junps wt h{‘?%ea dﬁg\%%‘&% tt:Jeésf %g’?ﬁ? 59?#12'1 1&%@&%&%{.%% téf\ag'g i%’ﬁgf t Eeflas:,l(égéiéquent
steps are jif) I QUGhs aiEikhalrhe L8mS A idadShe pFGvid¥iliabyal M PHERAPCE S
answered wth "false”, then the end of the routine is reached. If, in the
above- descridad ghtepwiRich tive emfifftiéd Ybyatheolwhet heris holvihared byt he
variable "light power of old position"' is |less than or equal to the val ue
of the var¢aldlestori fens pbowad, ol £ nesuyasidy | da"coklimadedr dd ¢comhipation
affirmative, then, in step 91, the variabl e "actual stegvvvi dt h" is assigned

the val ue "Hthy ay gpilester adgspr h? WiHEP cALiecks dhe backyard pediphed

gradi ent aof, the_ light_power .is sur.ed, . Th tail i r o, 4 he
measur enmen 1g31rs: Fﬁg ﬁ?g%ég% L&+ b??’ne jﬂté’h%:hfmg\%'rgpeaf'e ?egéé?%e?%ﬁéaf&mﬁ h
respect tod ?)%o%@aa&nﬁ? sﬂea%gm bfige3cofd {fdrdd ' DBRABHER BN 19f the
gradient of the [1ght power, The value of the nmeasured gradient is assigned
to the vardd&hiseabierwvigd irespett| tghitspapertusndisdeeeeafl t e fikldtep 93,

the 9 val ue of the sum of the variables "new position"” and the product

of the vardigphzsomats mrasgeg opniivgatgddtodehe kacalepdane jgfhithgoner” is
assigned tqQ the variab) e "position a". efeafter, the routine arrives also
T a This BRETORCHPS (SRl SGhATR §- ack densolDnbt Mgsrithd ORMEEEIARN RS H8 T able
"actual st i ! S92 L}gn ablnms . val 3 i hat
this i nqpifﬁ%ll}%sg%_ l\li\J/!ered 1i%n5§ﬂe$n gasft F\i}gn}% l_e&rct)i;aplhngg%rir?]véed_gqgtﬁtt?ﬁte}}'end of
the routipesagdndi didgragase2t IatprdvideguUestimn fotadnpY@ied Nehbell
affirmative, the routine also in this case returns to step 32 downstream of
t he i niti dorzatjostziephel il miidtdenf epededsy.n Thegsebend) rdidpbnagonfl2 he

| ight power is described in greater detail in the following with respect to

FIG 3. |dstfgivsred widdi gRaRest doedss apRrie dispetee itgpiraged ght
power" is_ assigned to the variable " u |.i ght I s..and val ue of
the variable nggr\’/vp%%% foﬁ‘pw?sst?sag} éggg ?%) %Iﬁ% \?gg?gﬁ?%ir?&;cﬁe%g?cB%&si tion".
The val uegneb thesSeiianyaBEeR pHth,CikhBCipdawe Wiaphtdgn A2 \is0tRhyed UN
steps in accordance with FIG 2 or are determned 1n the initialization
step 31 adetodting d:aitFpGpil2. 18 roff whef mithescdpel bbjectihve oh byt eps i 54)
the values of the index variables (i) and (N) are determ ned. Thereafter,
each, i ndi #PB&alS dfia/@ peam7§pbittere 1f anpEhaytdbehdens i e 120 i8f thde col | ector

| ens is sequentiall i spl ag h .pregi ven step width dii and the |ight
power i npFRYTAY l?qf%é’%lhigﬁséfﬂﬂ‘%ﬁglg?o%é‘yl"gel"tsmﬁeBEﬂ?éﬂ'&i a step 55. In a
next step 56, Kh Of ;s } . 1 u ts. t he
di fference of fhhgag l?liné‘aiﬁae d';"lt)lagh:'t6 %!(;gwelr ggﬁ%ﬁéﬁ?&sgr ngf’%{:&%cj’ﬁugflel i ght
pover" i sspeshmdettableegeostEis ndleeosaspd £d wath the @ilddd hegetnl ivstal

separately one after the other. After the difference values of the |ight
power forligikt diritensitypfecwsrd byr thd Imiduoscopei oblective ¢r adi ent of the
l'i ght power (that is, a value of the variable 10
detected. This diode 16 can be configured as a simple large-area
diode. However, it is especially advantageous to configure the
diode 16 as a four-quadrant diode. 1In this last case, this
diode 16 can thereby simultaneously function to also calibrate
the specimen table in that the center point of the four-quadrant
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"derivative of light power") is conputed in step 37 as a vectori al
quantity. The value of the vectorial quantity "derivative of |ight power"
whi ch was so conputed is then used in steps 39 and 43 to conpute the new
position "position a* which is to be controlled to. In FIG 4, a

m croscope-according to the invention is_ shown having a transmtted-1ight
i |'lum nati diodEhageisesmmeebtsgim dihehenhwss ranta ek fBré&hcel podinit¢ hfor
correspond to the conponents in the enbodinent of FIG 1, each have the
same ref er esvagpdereas | zénec pedsedidy theoX/ Thadjvusgmentwpf cthe spegiimerd by a
| anp 105, is collimated by a collector lens 109 and a collector mrror
17.7. A di &#2&m 110 fol lows the collector lens 109 and is variable with

e di aphragm 1104 SiaRrisR el SheLianF BERSERI T Ash o6 Cher Bt A A ane
of the obj e he8al- 0F ﬂp;%ef ggctt.ﬂeorlﬁa}ngt?gl&?tthteh‘i‘ibih“ﬂﬂﬁﬁi%gttahe*ﬁ-rhté I ens
ol "ows e tiel 0, . the

i 11, which diaphragm generates an I mge o0

light sourcgdah %b@né%ﬂ)tﬂg5o$ﬁ£béﬂl%eph§nehpfa YhaBPEAE Udfodl aRREAgM 112, At
.the sane tinme, the -lens -11-1- images the field -diaphragm 110 to

infinity. Biembueisesf thengedr (quadrantd. S)gdtlelrowre behkertl a abbl ecti ng
mrror 114. On the one hand, the two additional |enses (113, 115) together
i mge the pliametef.the aperture diaphraorm.1~.2. in_ the rear focal plane

of the transmtted-|ight condenser 125-ac¢rd, sijultaneou i mage the field
di aphragm 110 tfqrnFF%}{?ngTﬁé preenaked; ga‘-“Pi%‘HHJWE?gnsa’gl’?f~% 2kl

i ntegrated jn Lgen t able.102,. al | e i,LLum nation can
be adj ust e_(?ri }68%%?12 ezgﬂ)%ghggnpncﬁlpns_ égnga%‘g&%%%m%&pgvgggg%ig jhusjti ng the
aperture digqebsr 86,0f7)t hg the!hioliaapbéidhsl bérphfal 681 AP ¢he Speriyiagm
172. A partially transmtting mrror 123 is arranged rearward of ~.1 the
aperture diagpbragmed thef allgrimlingobéde pathegr @hel cgliequarelens thiis t he
illumnating beampath. A snmall portion of the illumnating light is

coupl ed- oudigphacdnpblg Anothe 2B rpgditn ¢HAecapPhiaah awiendtdr dine | Bpthex4 on

a diode 116 integrated in t he base of the mcrpscope. In this enbodi nent
too, the I &Ap° b%e‘fsdrr’rﬁtaoé&talﬁ%eéﬁfﬁ%‘f% &o f EheP qd‘}ﬁ’\ty%epb%ndi cul ar

di rections p | Cihar i i.Sqll j u t he
notori zed érgﬁ;egn%l%%,lgla%;)tﬁaépg:og?%{:/ﬁ?ed@ﬂlgufq { hglrl?mF%en,‘ég E:Sﬁi %IP'[ i%se
enbodi nent dikpEasidlect9a tianse LpProfrididigirabbs im ahe Hhree Mitws 1320 in
the direction of the optical axis 119 for adjusting the illum nation. The
drive of therpendiculerospatialdsdirezyidmy. adipusveng fdre thispputgrsmd at he

drive of the d-rive- .i.20 for theaxial displagcenent of the collector |ens
109 again FIKELSRANGABILY JUFe: SREPLEX dafhdndpm b9 rrAYned Recqpse dhe

interface i I I iGr o) e ut signal
terface Aduedl' ' 8eBe AT B0 LARIEGE' F3EORE Stine e PR
interface gRiee IMuthid®19"POSMRAbuDir RliGectibayi ﬂgdéﬂ&xdéh@.dg d&Gddn egrat ed
into the -illum nating beampath, it- is significant fox the adjustnent of
the | anp 16Bhem. accordance with the nethod described with respect i.c~

FIGS. 2 and 3 that the position vl the aperture di aphragm 112 i s conj ugated
to the positionTBe adivsgipg\ABiRss (67 Theedh@ehdwP $22nd ke afipstingect

to it { | ant , d th il di t f th

condensor IS0 BT AR SORERBOE e Wagh PP Ca TAP S "o AugR 1t | on
ffected b ATy 13l i f j i t

or coont i nePARSR 27, EERTSS bty facdatilqe BT PRTTSUGE stghaLd AR, Nat

the di anet@fodd 1teharki @idpldedstdi st (R@ILEO] Oforigittedi 2deoddp tife Gamat er or
equal to the dianmeter of the illum nation
interface 21.

The method steps, which are run through for an automatic
lamp adjustment, are explained in greater detail in the following
with respect to FIG. 2. The adjusting process begins with an

initial step 30 which is, for example, triggered in that the user
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12 field illumnated by the objective 4. The nmethod according to the

I nvention descri bed above can, of course, be utilized not only for the

adj ustment of the lanmp (5, 105) relative to the illum nating beam path but,
for--a first adjustnent, can also be used to adjust the collector mrror
(17, 117) relative to the collector (9, 109). For this purpose, the [amp

and the cq I | I ¥el e te XI mum
power at tcﬁég%ﬁ(‘)%neg (;%&‘?E%P%??e%&{jﬁéggaggo%r e g?'éagjﬁéé fr%drﬁi O?Mtélcehdg%l | ect or
mrror, appiexhiBiAlivnt BEES I, fthdl shéeindd @aplaxe eaRASA Ini thorder to
achieve an optimal adjustnent. Thereafter, when there is an exchange of

| anps, onlggrtbeidmBE itheadptistad agéspefi dileuimdcroecope aljeictave akias and t he
collector lens (9, 109) is adjusted in the direction of the optical axis.
An adj ust mehi af imh&heotvecdiechippsrpgapendiicplar sthegedio 36t thatdd®ary when

there i hange of | . The nethod aqf the inventi descr i bed

bove i Alegs e A% porkECTRHbEREaRE: Hoti shsroREres e P ReT AEhe Pn o
the | i th maxi | i, ght . -~ or.adi t f

hdvant ape St FoRSTRieRa: | SECkoRE LARET S ACCBbWIE MR LYl CoidiRed
other hangy |£ads di88BoQNH Bl33d ¥5! Mlls WhkB1AE| Ad06H kahpWod ter at i on

steps. In e a gradi ent” nethod, other algorithnms are, however,

concei vabkguri® ta%amBl&ce a1 hubomatéd 1 fvthehmideosaupievhdsad drives are
each driven sequentially until each individual direction of novenent
reaches thetoddarufoohsing iriyewendandeqtieed@edt 808 takderepént Ehis

sequentially a nunber of_tines until, the absol ute nmaxi num ag, tq detected
1 ght powePS%e EENEEVER0L an evapiatian GOBPREST . Z4MAHIT SPERHRE NS | ng a

I 5, 105 | at i he, i, L uni | b 1
ma(r:? ogcop‘éor\}\%’f‘%l%ut% thlg\é%ran %%frrzt?gle Irclilr%gg;s n‘?gr# the ??%?nﬁ%&;ﬁ(“% tgéairﬁl%%t wherein

the integpalitidNbrPOHEr specimRAS HaBTe PENMEot REtPridd Rrddes (86D tak the
m croscope objective or behind the pupil plane (112) of the illum nating

beam pat hfetidirgy datiechorX(YlGablébaramravidedianphdodheQuébdr dddadivies so
adjusted relative to the illumnating beampath (19. 119) that the |ight
power, whik® ¢opmaaderiadihsy keweradt Wt adiysh HhsisReGimen fahleodhat claim

Loy et 10 ) 48P 05| BB RS SR Bogsaghield.cc oY
In the next two steps (32, 33), an assignment of a variable

takes place wherein the value of a variable “new position” is
assigned to a variable “old position” and the value of a variable
“position a” is assigned to the variable “new position”. For the
first-time runthrough of the process, fixed pregiven values are
utilized for these variables in the initialization step 31. 1In a
next step 34, the drives (6, 7) of the.lamp and the drive 20 of
the collector lens are so driven that the drives assume the
values of the variable “new posiﬁion”. Thereafter, a measurement
of the light power takes place with the diode 16 and a readout of
the measured light power takes place as well as, subsequently, in
a step 35, a further variable assignment takes place in that the
value of the measured light power is assigned to a variable
“light power of new position”. In a next step 36, a decision
ingquiry takes place as to whether the value of the variable'

8



106, 107, 120) for the novenent of the lanp are driven by an eval uation
conputer (22, 122) until a maxi numof the light power is achieved which is
detected at the detector (16, 116). 4. Method of claim3, wherein a
gradient method is applied to |locate the maxi numof the |ight power. 5.

M croscope conprising: an illumnating beampath (19, 119) w thout beam
honogeni zetkightopower of iodek pp6itiign20whicl, 1il@wise20as fagsigfiedsai ng a | anp
(5, 105) relative to the iIIuninatig%Gbeanlpath; and, an eval uation and

control covpiieedn(she indhialdmation &Feent {&l18esditheBsthevaigieoPfct®i ves in
h ti ' I nt i ght IS - d with
dotoctor (HFLaPL8) “HEAE SPuEENPRAThEoBaEH 7 Tl adB She SERTE RRLE | unt nat | ng
b th f. th ] ' ' . im5, wh [
e peb, norieshigh! 57 S AIEALEn UL GllakBi vl Mol OHGRR SR BT 8 0L The

speci men t@aigphe) “actuaMstepSE PP OfisChabigrvd WRET Ralud lxr AelBeiM1d 116)
Is integrated in the illumnating beam path. 6. M croscope of one of the

clainms 5 t“woGntdben®iand inokl rextorstept 38, (the ¥ajable ptghtegoaad dfe

col lector optic (9, 109) is notorically displaceable al ong the optical axis

(19, 119).new position” is assigned the value of the variable “light power
of old position”. In a next step 39, the value of a variable
“position a” is computed as the sum of the variable “old
position” and the product of the valug of the variable “actual
step width” and the variable “derivative of light power”. 1In a
next decision step 40, a check is made as to whepher the value of
the variable “actual step width” is greater than a pregiven limit
value. If this inquiry is answered in the affirmative, then the
routine jumps with the new values back to the above step 32 so
that the subsequent steps are run through anew. If, in contrast,
the inquiry in step 40 is answered with “false”, then the end of
the routine is reached.

If, in the above-described step 36, the inquiry as to
whether the value of the variable “light power of old position”
is less than or equal to the value of the variable “light power
of new position” is answered in the affirmative, then, in
step 41, the variable “actual step width” is assigned the value
of a variable “count up” and, thereafter, in step 42, the
gradient of the light power is measured. The details with
respect to the measurement of the gradient of the light power are
described below with respect to the sequence diagram in FIG., 3.
After the measurement of the gradient of the light power, the
value of the measured gradient is assigned to the variable

“derivative of light power” and, thereafter, in step 43, the .

9



~9. Mcroscope of one of the clains 5 to 8 wherein the eval uation conputer
(22, 122) applies a gradient nethod to | ocate the maxi mum|ight power: and
wherein, beginning froma start position, the maxi num gradi ent of the |ight
power is determ ned in dependence upon a position change of the | anp and/or
the collector optic and the lanp (5, 105) and/or the collector optic (9,

109) is shj fiuid 'f;;é;h Wkw”vé’iiatb'l%s”%éms%rt%he”Bn&’f He prbih&d" @

| i ght pomer

$°/¢§/JF of\g [ \/f %%cé]%gg?‘gf% cg]%%g]ﬁég] ﬁgﬁpégﬁl?g]“z;]ﬁg]‘?g]rcl g]agjé‘],% ac]'fc g{]lcgi:ca] ca] ca]

ca] ca] c"a] povdre” akCcasd Ldrida to] ehe] wdldbtsa fdsition a¥. Thereafter, the

"Dl abuvmm3r/:y}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca]ca]ca]ca]c

a] ca] ca] caladjiom] eattvés dlsw] vid cHlicapeahch]atathe! dagyiry 140 'as to
whether the value of the variable “actual step width” is greater
than a limit value, and, in the case that this iqquiry is
answered in the negative, the routine arrives at the end of the
routine and, in the case that this question is answered in the
affirmative, the routine also in this case returns to step 32
downstream of the initialization step 31.

A method for determining the gradient of the light power is

described in greater detail in the following with respect to
FIG. 3. In two-first assignment steps, the value of the variable
“light power” is assigned to the variable “actual light power”
and the value of the variable “new position” is assigned to the
variable “actual position”. The values of these variables are
either known from the previously run steps in accordance with
FIG. 2 or are determined in the initialization step 31 according
to FIG. 2. 1In two further initialization steps (53, 54), the
values of the index variables (i) and (N) are determined.
Thereafter, gach_individual drive (6, 7) of the lamps and the
drive 20 of the collector lens is sequentially displaced by a
pregiven step width d; and the light power impinging in each case
on the diode 16 is measured in a step 55. In a next step 56, the
change of the light power is measured, that is, the difference of
the variable “light power” and the variable “actual light power”
is computed. These steps are carried out for all three drives
separately one after the other., After the difference values of

the light power for the drive is present for all three drives,

the gradient of the light power (that is, a value of the variable

10



#. #3##3$W6 ' ) ) ) } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] cal ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]calca]ca]ca]cal))=*v*{*|*+ 0,-.. @A0011
2233} 5~51 66R7S7s7t 778889: } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!: <<#=$=>h@@ A
, ABB) BOBBCF

Ft FvFWFFFOGz GGxH~HHHHHI | } xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] cal] ca

Ul cal] ca] cedexihvarlioa] 68] rijirapeakea) ciad cohpatad]inakeap cal el @a! | |11 KELHLQLZ
Lf LgLzL{ LLAMMVNNNNNANgNz NNNNNN- OOO~yt oj d_YTi d_Z] caU] ca] caU] ca] ca] ca] ca] ca] c
al] cal] caljetidrdall] quaficiily.c athe ayahje ajfc bhe ~adatarial cajand]icy] ca] ca] ca]cal ¢
%]o(c:ngpr Pu Ppmmmsssl HahSTPeeew A TRTIES | ¥ WOPPEbFd 49 &&epca.eg%aiy} caU c
2 cadl cadead savkeadt ead cadheer sieq hoatdiaahoalt el sallgel At cal
Xs Xt XXYZZ VA id.YTjd
20 ca) ca] oo SELEREFRA I dodaly sal cai cal bl oall oa] call oal] sal] catl cat i1\ o] p
1177870 V__A - aaat) Gaidbl¢ cKohtaiostogdd asdasiaalh X&) | 1l qakent ted al eabeal ca) ca
] ca] ca] ca] cal] caU] caU] cal] caU] cal] caU] cal] caU] ca] cal] caJcal] ca] caJca] ca] ca]
cMal] ca having a transmitted-light illumination. Those components in the
aeeeep] | "M"MV__A "aaalLbObRbbbccKcuccc. df ddae{vgl gb] XS]] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca]esedarent) e Ulc avh tetujaosupeaened 419 gaw] edironepEg) taUike] caj ca)
Rt?! 10% u& ()-!'Y 1109 ()-1Y - -
P T0% 1 ue SPOGTBOR e FIC0dy 8RR DaYRbEhE Sqme. fpference mumeral

15, uL< 10 ey A RE e’ PR Higlan rpsn g omitred by a lamp 105, is

"D} <~_=!, dohQ¥mafed )by 'al é1Uéctdr | FdnBOYEY (dnd'al 0¥ Udctdr ir:O¥EL 1) - FIR10% u&
"()-DFGH " ~\ =T *11090& () -!m 1099 T& () -" ! H 1099 T& () -"m'10%0& ()-" 10-u
10-u 10- ufddapivagdh 1)0 FbAdoksythEd QXEe&ter - Lotk &09)and H@/ariable W% () -,
100K’ ()- prespect £o its Spartute dismeter. With respect fo the: ovhstrean
109K& () - Fespect to its aperture diame p ) am
optic, the diaphragm 110 is arranged so as to be conjugated to

the focal plane of the objective 104 and functions to adjust the
illuminated field. A lens 111, which follpws the field

diaphragm 110, generates an image of the light source of the

lamp 105 in the plane of an aperture diaphragm 112. At the same
time, the lens 111 images the field diaphragm 110 to infinity.

Two further lenses (113, 115) follow beliind a deflecting

mirror 114. On the one hand, the two additional

lenses (113, 115) together image the plane of the aperture
diaphraom.112._in_ the rear focal plane of the transmitted-light
condenser 125-and, simultanecusly, image the ficld diaphragm 110

to infinity. The transmitted-light condenser 125 is integréted
into the specimen table 102, A so~-called Kdhler illumination can

be adjusted in this embodiment in a manner known per se by
adjusting the aperture diameters of_the_field diaphragm 110 and

the aperture diaphragm 112,

A partially transmitting mirror 123 is arranged rearward of
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& mMLO% & ()-1"110% & ()-8::<=Axnbd ! 10908 ()- 10( 10( 10(L<10% & ()- 9
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"10%4{& ()-"! "10%00& ()-"! "10%00& ()-
"10%08 ()-"11110% ()-SR _=11C5 "10%]& ()-' 100 100 100
S10960& ()-3:110%08 ()-'! "10%& ()-

1(1)8(5%182’/33858%1 i/'f,fi’ﬁol{,;‘(,’g&ﬂ%gaﬁglaqpl_%g w%&ﬂe)cthné%hé-%tegral light power
"10%& () - 'within/€Hy ’iiﬂu@ﬂl&ﬁ@%ab&m(baﬂi J0%R'shal B! gd¥¥Roh) 08! IR’ ()-'110%
"()-LM1T10%&K ()-L0122222166~_@! 10%& ()-9!'10%& ()- 10 10 10y;
t 10%&' () -! Ylluwedigating31yght] Obss &oapled GReDvia: Lthe)miguon 1@%%@‘1(1)3- 10 10
focused via a downstream lens 124 on a diode 116 integrated into’
: the base of the microscope.

In this embodiment too, the lamp 105 is motorically
adjustable in two mutually perpendicular directions perpendicular
to the optical axis 119. For this purpose, the motorized
drives (106, 107) are provided. Furthermore, also in this
embodimeqt, the collector lens 109 is adjustable via a motor
drive 120 in the direction of the optical axis 119 for adjusting
the illumination. The drive of the drive motors (106, 107) for
adjusting the lamp 105 and the drive of the drive 120 for the
axial displacement of thé collector lens 109 again takes place
via a control compgter 122 as well as via an interface 121, which
is provided on the microscope stand. The output signal of the
diode 116 is supplied to the control computer 122 also via the
interface 121. '

In the embodiment of FIG. 4 having the diode 116 integrated
into the illuminating beam path, it is significant for the
adjustment of the lamp 105 in accordance with the method
descrlbed wilh respect Lo FIGS. 2 aud 3 Lhal Lhe pusitiovun of Lhe
aperture diaphragm 112 is conjugated to the position of the entry
pupil of the condénser 125 and, with respect to its aperture
diameter, corresponds to the pupil diameter of the condenser 125
while considering the magnification or demagnification effected
by the two lenses (113, 115). Requirements of this kind are not
present in the embodiment of FIG. 1; however, it is there
necessary that the diémeter of the light-sensitive region of the

diode 116 is greater or equal to the diameter of the illumination
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of course, be utilized not only for the adjustment of the

lamp (5, 105) relative to the illuminaéing beam path but, for a

first adjustment, can also be used to adjust the collector

mirror (17, 117) relative to the collector (9, 109). For this

purpose, the lamp and the concave mirror can be iteratively

adjusted alternately to maximum power at the diode (16, 116).

After a coarse preadjustment of the collector mirror,

approximately three or four iterations are necessary in order to

achieve an optimal adjustment. Thereafter, when there is an

exchange of lamps, only the lamp is adjusted perpendicular to the

“optical axis and the collector lens (9, 109) is adjusted in the

direction of the optical axis. An adjustment of the collector

mirror (17, 117) is later not necessary when there is an exchange

of lamps.

The method of the invention was described above with respect

to the gradient method for determining the position of the lamp

with maximum light power. The gradient method affords the

advantage that it can, on the one hand, be implemented simply

and, on the other hand, leads to an optimal adjustment with

relatively few iteration steps. 1In lieu of a gradient method,

other algorithms are, however, conceivable, for example,

algorithms with which the individual drives are each driven

sequentially until each individual direction of movement reaches

the maximum of light power and these steps are repeated

sequentially a numbexr of times until the absolute maximum as to

detected light power is achieved.
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Patent Claims:

1. Method for adjusting a lamp (5, 105) relative to the
‘illuminating beam path (19, il) of a microscope withoup_beam
homogenizers in the illuminating beam péth wherein the integral
light power is measured behind the pupil plane (18) of Fhe
microscope-objective or behind the pﬁbil plane (112) of the
illuminating beam path with a detector (16, 116) and the lamp
body (105, 115) is so adjusted relative to the illuminating beam
path (19, 119) that the light power, which is detected by the

detector, is a maximum.

2. Method of claim 1, wherein the adjustment of the lamp takes

place motor controlled by software.

3. Method of claim 2, wherein the motoxrs (6, 7, 20;
106, 107, 120) for the movement of the lamp are driven by an
evaluation computer (22, 122) until a maximum-of the light power

is achieved which is detected at the detector (16, 116).

4. Method of claim 3, wherein a gradient method is applied to

locate the maximum of the light power.

5. Microscope comprising: an illuminating-beam path (19, 119)
without beam homogenizers; motoric drives (6, 7, 20;

106, 107, 120) for adjusting a lamp (5, 105) relative to the
illuminating beam path; and, an evaluation and control

computer (22, 122), which sequentially drives the motoric drives

in such a manner until a maximum of integral light power is

measured with a detector (16, 116) mounted behind the pupil plane
14
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table (2).

7. Microscope of claim 5, wherein the detector (116)-13

integrated in the illuminating beam path.

8. Microscope of one of the claims 5 to 7, wherein a collector
optic (9, 109) is provided and the collector optic (9, 109) is

motorically displaceable along the optical axis (19, 119).

"9. Microscope of one of the claims 5 to 8, wherein the
evaluation computer (22, 122) applies a gradient method to locate
the maximum light power; and wherein, beginning from a start
position, the maximum gradient of the light power is determined

' in dependeﬂée upon a position change of the lamp and/or the
éollector op;ic and the lamp (5, 105) and/or the collector
optic (9, 109) is shifted in the direction of the maximum

gradient of the integral light power.
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