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(54) ZOOMOPTIK.

(57) Die Erfindung betrifft eine Optik für Laserstrahlung und stellt ein optisches System zur Abbildung von Laserstrahlung mit 
einstellbarem Abbildungsmaßstab zur Verfügung, umfassend vier Linsen, welche in drei Linsengruppen angeordnet sind, 
wobei die in Strahlrichtung der Laserstrahlung angeordnete erste Linsengruppe eine erste Linse mit positiver Brennweite 
umfasst, die zweite Linsengruppe eine zweite und eine dritte Linse mit negativer Brennweite und die dritte Linsengruppe 
eine vierte Linse mit positiver Brennweite umfasst und zweite Linse eine plankonkave Form bis hin zu einem Meniskus 
aufweist und die dritte Linse bikonkav ist.
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GEBIET DER ERFINDUNG

[OU»H] Dtc Erfm-lung hcirdTt etne Optik tur Iszsucatrahlung

10 HINT ERGRÜND DER ERFINDUNG

|OÙO?| l axer?·. ??n? hoher ; etMunn v^-rdim . ur 5l.Ueri.übearhehung lunge'-etzt Der au< unetu 

Lichtleitkabel ausuetende I ??serMrahl vunl u einen? un dessen Ende uu^ebmehtesi l aserkopf 

mittels Laseroptiken mit entsprechenden Linsen kollimiert und anschließend fokussiert.

15

[0003] Bei Zoomkollimatoren kommt es durch Reflektion unter hohen Einfallswinkeln an op­

tischen Flächen zu Energieeinträgen auf optomechanisch bewegten Teilen. Diese Teile müssen 

aufgrund von Dynamik und Kontamination reibongsarm gelagert werden. Dadurch sind sie au- 

lonunxdi .'usneii'i auch gut ihe»ndsch entkoppelt. wedureh du?m da^ * Rhu?i.-.< der Opdk r?ichi

20 zur Kühlung und Ableitung von entstehender Würme genutzt werden kann.

iitedd? ,-\us de?n Stand der l<\h??ik $h?d >erschiedene .MaKnahn-α? zur \ c??a?tgc?ung der Re­

flection von Lasemrahlung bekannt So beschreibt das US-Fafent US 7,450301 B2 ein EUV-

25 Lithographiesystem, bei dem die unterschiedlichen E.in.foll.swin.ke.1 durch dann, variierende Re- 

ßektivitäten über eine Spiegel fläche zu einet ungleichmäßigen Ausleuchtung der Anstrittspu- 

pllle führen. Dadurch, kommt es zu Einbtißea h? der Aullösimg. Dieses Dokument schlägt als 

technische Losung vor den Spiegel mit einer Beschichtung zu versehe·?, deren Dicke über die 

Spiegelfläche variiert, sc? dass lokal jede Steile je nach vorhemeheudem Emütllswinkel. der

.30 Strahlung ein angepasstes Beschichtungsdesign hat.· Nachteilig an dieser Lösung ist, dass die 

Beschichtungsverfahren feuer und aufwendig sind.
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H1005] Aus der WO 2009/024164 A; 1st ebenfalls ein Lithngraphiesystem bekannt, bei wel- 

Jmu'd'e IL^hiehtnugwhekedes KpmgcK au dn ' ml ükwmk/. ,\-i Vaiilnn.. angepav-z iw-uL. 

wüten fm-rnntomtepiegel d<mu auch^Fteifonnbeschichiungen4' benötigt werden. Insbesondere 

wüd dabei die Redekin. näi lokal vernu^eit. um eine gleichmäßige.' kuskuebiarm de? .-kus- 

tnuspupilk· aal Rostet» des transmission za erreichen. Diese technische Lösung lässt sich je- 

doch mehr ai f \tw».end»'.ngen miter Verwendung vou hoben l asci leist'tagen bbentagen.

|u«k'tü Fine wettere I osung zu; \ etßesseruug de*' l cistut^· enar /oomopuk hm der \ etwu< 

dung hoher Laserleistungen wäre eine Kühlung der optischen Elemente, wie beispielsweise von 

Linsenmssuugvn. Ilses Ist jedoch koa-itruktii sehr aiutvendtg und eiimdew zudem auch i-nen 

höheren Aufwand bei der Wartung der Optiken.

[0007] Aufgabe der vorliegenden Erfindung ist daher, eine Lösung zur Verfügung zu stellen, 

dm deren redm-termm V ärmcehitrt'g die 1 ei-ümtgst-mgliehketl einer Avninpuk erhöht end 

e,hmb/eam eexu \lcmen Bauiaum undmre msnnuale \ozahl inopuxeheu l L-menteu gewähr­

leistet,

KURZE BESCHREIBUNG DER. ERFINDUNG

[0008] Die vorlegende Erfindung stellt ein optisches System zur Abbildung von Laserstmh- 

lang mit einstellbarem Abbüdungsntaßsiab umfassend vier linsen zur kettögung. wobei dm 

Linsen in drei Linsengruppen angeordnet sind, wobei die in S trab Lichtung der Laserstrahlung 

m^ei’witk'k ernte l mwin gruppe eine erste l in-k nut pmuiwet Brennweite smlä.vn die zweue 

I hwengriippe eine zweite end eine dike l iuse mit negutwer Hmrmwene und dm dritte Linsen- 

gruppe eine vierte l mse tun pusibxet Brennweite amlasst end zweite l 'm-\· eine plankonkave 

Form bis hin za einem Meniskus mttweist und die dritte Linse bikonkav ist.

10000; g-, vkei weiteren Xnstuhnmgslomi sst '-erste.-eben, dass die Krümmungsradien der 

zweiten Linse von beite l so kein ? ir Suahlneblung zwischen ?l! mir lö nm: bk zu -100 

nun Ί ~ mm bcuaucu.

(00101 Weiterhin können die Krümmungsradien der dritten Linse von Seite 1 zu Seite 2 in 

Strahlriehtung zwischen -20 mm /20 mm bis za -50 mm /17 mm betragen.
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[001 1] Es kann erfindungsgemäß zudem vorgesehen *eiu. dass kerne Mücke einer der vwu 

btx s teilen l nisc bet maximaler Hrcmmeitc des optix^hen Sxxkms einen lokalen bamatlswmkel 

von >■ 2.$·° hat

5 [0012] Für die zweite und dritte Linse kann hei maximaler Brennweite des optischen Systems

ein lokaler Einfallswinkel > 20° sein.

hHle] l.rfmdungsgemsK kann jede î m.xenpuppe Aimhidesi k eme .isphttuxchc Hache am'· 

weist.

10

[0014] Für das optische System kann zudem vo-.ge-\hee sem. daxä du . wru l mse auf der 

ersten Seite eine asphärische Fläche aufweist.

[0015] In einer weiteren Ausißirrungsfbrm der Erfindung kann in der zweiten Linseugnippe 

i 5 eine Linse asphärisch and die andere Linse sphärisch sein.

1'0(116] Die maximale Baulänge von virtueller Faserspilze bis zur letzten Kollimationslinse 

kann 195 nun betragen.

'n pto', ” 'V VwuwdvouvoUxT.ei tax<up-t'eb'x 1 cebcou c«xu'i l mAcn.d Ή

mmm betragen,

[00181 Erimdungsgemäß ist vorgesehen, dass die numerische Apenin· größer 0,1 ist Weiterhin 

kann d»v numerische Xpenur betrag«.h

[00I9| Dax optische system nach einem der vorherigen Xnxprüehe worn.·: zumindest 

eine der Linsen der zweiten Gruppe aus synthetischem. Quarzglas besteht.

[0029] Ein weiterer Gegenstand der Erfindung betrifft die Verwendung eines optischen Sys- 

30 tems wie zuvor beschrieben zur Abbildung von Laserstrahlung mit einstellbarem Abbildungs- 

maßstab.
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[00? i I Fs ixt et IlnJungsgemäß auch eine Verwendung des zuvor beseht ubcnen optischen >>s- 

tents ha K-mümmm??? n??·; cment MeRMdterd'es-kotivtUse? et?te?n SiheFeu-l <uvr oder cmem 

Faser ï user wgesehen.

KURZE BESCHREIBUNG DER FIGUREN

[0022] Die Erfindung wird Im Folgenden anhand von Figuren näher dargestelit. Dabei ist für 

den Fachmann ofiensichtlidx dass es sich nur an? mögliche AusfÜhrungslormen handelt ohne 

in das-- a?e i rtrndun^ mtl die p-ze.gkm Ausu'ihrung$t<>m?er? bcwbianki 'and. I s. e?gt

FIG. 1 ReOektiwRu m Abhängigkeit vom Eintalkv.mke< bei e??w? VvUlenlaugt Ra unter- 

sdikvibd'· poku?\ierics I ?em.

ΓΒ l ? Vviglemb der spektralen Rxtk'kuviuU enu: Bexehidmf??g bei uutciSv.'med'A ken

15 Einfal Iswinkel.n

FIG. 3 Schematische Darstellung vor? vier Linsen in drei Gruppen

AUSFUl IREICHE BESCHREIBUNG DER ERFINDUNG

?υ ido? ' I 1 >ie ·. tfmduogsgeu'äße Aufgabe wird durch die Merkmale e»e? unabhängigen U?\p? üehe 

gelvM In den abhängigen X?isptüehen werden wertere Austuhuui^sfounen beanspruch? Die 

vorliegende Erßndung löst die Aufgabe lokale Einfallswinkel am Rand einer Linse immer unter 

definierten Grenzwinkeln zu halten. Dadurch wird die Erwärmung der gesamten Optik im In­

nenraum red iiziert.

[00241 Bereits eine relativ kleine Andenmg des \ ergrübet ung kann /n einem ethebluhcn \??~ 

sneg der U?upctaim i?n hi?ua?;atm der Upuk führe?!. Unuasuchungcn der Amudderm ? \n- 

meldets?) habe?! ergebe??., dass dies ?mi den Knhmauugen der Emsen zusanummhdugt. ae dass 

in Randbereieben dann die Einfallswinkel hei emer kleinen Vergrößerung massiv ansteigen und

4
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die damit einhergehende Steigerung der ReUuktisltät steh m ehu-m kmperamnm.s’ieg wider- 

spiegelt Die reibungsarme Lagerung beweglicher Ksmiponeatct? tührt za deren theomseher 

Entkopplung der Komponenten gegen das < wbäuw.·. so dass das ( »chilese div \\ arme mehl ab­

leiten und dadurch zur Kühlung beitragen kann.

5
(OO25| FK.s. I zeigt die Reflekllvitäi in Abhängigkeit som I tnlallswlake) K.·· eine?' \\ ellenlange 

für unterschiedlich polarisiertes Lieht. Die Reflcktivnkt steigt bei Licht einer Wellenlänge mit 

/Hnehnti.-?uk'?n I mbillswmkel. Dieser /usjitemenhang tru'tt na.-.bh<mgig w>n der Poh?risan<'?i 

des Lichts einer Wellenlänge zu. wobei sich bei hohen Wellenlängen die Foktrisatiuäw?· am- 

in spalten Die Reilekthität ist daduwh hei sein gb'heit Einfallswinkeln ahxV|m scbleehser and

kann nicht einfach durch das Verschieber? der Zentral Wellenlänge der Beschichtung optimiert 

werden.

IPOdnl EIG. 2 zeig? dis' V eiler?l:i?a.R?wbhämgkeit der RefkkndiD elnsr txpi-witvn Beschielt·

l Ί lung bei tmiersehiedhehrn F hiàdlswinkelc. M.tn sieht, dass sowohl die spektrale Ahhanglgkeit

der Reflektivitäl als auch die absolute Refiektivität bei einem Einfallswinkel von 0* und bei 

einem Einfallswinkel von 20" sehr ähnlich sind. In diesem Einiallswinkelbereieh kann eine gute 

.Amirdlesv.irkuug nm eine? einfach aufpehauien und amitil absmhilmixirmtm Beschichtung 

durch Anpassung der DesiguwellenUhige der Beschichtung erreicht werden. Bei größeren Ein- 

di? Ldtew -akeht smd dagegen die Rcllektn bäte·? absoha gesehen über den ganzen Wdlenk'aigett· 

bereis h sch I echte r.

[0027]. Bei kompakten Zoomkollimatoren können insbesondere bei großen Brennweitenem» 

sb iLmgea <eh* hohe kA Je l tmnlKw ?r?kel des Laser lichts auf den Linsen auftreten. Diese treten 

2a sornehmbeb an R;iadbe?v?eh dur l i?wer? aal’, und da sor ulk·? Dingen auf l lasen mit tu-gaiisen

B?x"mweiten · türeuag-gctiM' wnd daher ^oreeseklagen die I mfallsvJukel auf den Linsen 

tm Raudhererch ztr begrenzen, l-herzu werdett etUndtrngsgeinän die Gruppen, mit negativer 

Rrem?s\etk it? zwei I tnsert gvspliue*. t??rd zutwtzlieh die ks'ànwwtgert auf den negativen l losen 

so genählt Ua.se minauale l.intalh-wmkel eswiebt werden.

30
|0C>2$| E.s v.hd daher orfmdutigsgenuiO en? Destga nm 4 I iti.w?· ?n Baugjtmpen soreewitko 

gen, wobei die Gruppe l eine Linse mit positiver Buchung. Gruppe 2 zwei Litwert mit negativer 

Brechu?tg und Gruppe 3 eine Lmse mit posittur Hteehung aufweisen.
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[0029] Gemäß der vorliegenden Erfindung hat es sieh als konstruktiv vorteilhaft erwiesen die 

beiden mittleren itcgatk en Unsen kau zu ntsialHeeen und die beiden naßeren positiven l insen 

minds Antrieben verfahren zu können.

pteOü 1 IG v sehemmusch die Anordnung uml f-umt der f tmen der drei H.aiui uppen. DU 

Unsen sind von links nach rechts mit l.L LA 1.3 und 1.4 in Strahhiebtung durchnamnieriert. 

Dabei bilden L2 und L3 die Linsen mit negativer Brechkraft der mittleren Gruppe. Es ist tùr L2 

eine bikonkave Fotm bis hin zu einem Meniskus vorgesehen, mit einer konvexen Form in R.ich- 

mag der baser I 3 Is? ed'imiungsgemâF hk»-nkm.

|UU'»li Use Rrimmumgen *ur I " and l ' können wie folgt angegeben werden W'k-i St und S." 

die beiten der Linsen m Simliliiehumg inigvben und die Werte den icweibgcn Krüniniunesni- 

durs in mm anaebenr

L2(S 1/S2) ~ 20/10 (Meniskus) bis zu -100/17 (nahezu plankonkav) 

L§(S1/S2) - -20/20 (exakt, bikonkav) bis -50/17

[0032) Die Grenzen ftir die Krümmungen wurden berechnet, indem die erste Fläche der L2 

testgelegt wur.lv und dann die resilknen Lnhuinuugen im System dann experimentell epundvri 

wurden Dkserfelgn unter den felgenden Randbedingungen'

keine 1 hiebe hat bei maximaler Bienmstiie des Amrax r indxim.de Xusleueb- 

timg der Linsen.) einen lokalen Ein.fall.S’Winkel > 25’· .;

Speziell ftlr die Unsen, der Negatlvgruppe- soll der lokalen. Einfallswinkel nicht.

> 20° sein;

Beagungsbegrenzte Abbildung in allen Positionen des Zoomkoliimators mög­

lich;

- Für die Banlbnn von L2 nahe plankonkav kann bei konkaver Krümmungen der 

ersten Fläche auch eine asphärische Fläche verwendet werden

|’O033'| Ein lokaler Einfallswinkel von xveniger als 20° hat sich als vorteilhaft erwiesen, da 

dadurch Rüekreflexe von der negativen Gruppe auf die erste positive Linse und deren Fassung

6

indxim.de
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>ennkdeu werden Use e’ste positive Limu w-rd ’m mntels eines Xutriehs bewegt und ist des· 

bulb ηυήρ'ΐΐ5ΐ>.1 ihre? I ager-une thermisch tsoberi mtd xemii unr ^hwet zu kàlik-n.

[0034] Für die positiven Linsen gill dies so nicht and die Rückreflexe der positiven Gruppen

5 treffen m erste? Lüsu nnsiiittonäncopusche I kmen?u: I i tr-ftt d;^ Sehutzglus oder die Blende.

1.4 trifft L2/3. Öle ortstaüonären.. also unbewegten Elemente aber kamt man gut kühlen, daher 

ist be« diesen I tnsen atab em höherer Einmllswinkel ohne Xaeltteik« uiögheh

ldü3b| 1s ist vrfinduivgsgemaß auch vorgesehen., dass mde t atsengrappe je eine nspharisulu. 

l?t l-idehe iiulwu?st Dies wäk m de· Negativ gruppe besotzugt l ? 4j, o,i .wliwere? mt. eine 

knnkas'e asphärische Fläche zu machen und dies bei den starken Krümmungen unter Umstän­

den sogar unmögneh ist, da des Bearheitungswerkze??g an der Spitze nicht Admml genug wer­

den kann,

15 (0036] In der gesplitteten Negativgruppe kann aus Kostengründen eine Linse asphärisch sein,

während due a?.dure Lu-sv spha??svb äst

[0037] Untersuchungen haben gezeigt, dass die zuvor genannten Parameter für dert Aufbau der 

l.mseag? uppum Sei umer mus'-mak'U Haulänge von ll}5 nun von virtueller Imserspuze bis zrn

29 letzter hwl|mii?tio?islinse vorteilhaft sind. Der \bsmuddervirmulleaFasecspitzezur i hwhevon

i l ist bevorzug- '· 5<d mm. VS one dsv >1 me. p<>smxe = mwiigiuppe emlang dur opùseben Achse 

beweglich ixi. kann um dem gezeigten .Aulbau auch diu l’oriiion dur I lauptehene der Üpnk zur 

Grnit-ilen l usurspitze vetxehoben werden. Zusammen mit umet DÀaxrierimusopük ist Jurm 

neben de? X\rgrt>:.knuigMneemng nach emo imkruug der /4 age des Fvlms relativ zur i 

laisx’.etune.dmse nmgbeh. In diesem lali haben l narsuehungen eezctgi, d,-.s\ diu zuv»>r ge- 

n.mntcn Parameter tür den ,-\ulbau der t msengiuppun bei einer mastnuden iGuRmge von WS 

mm wm v irtueher l-userspitze bis zur letzter KoUimarionstmse vonedbnfi smd, nm einen nmn- 

malen XX ihmuemimg bei maximalem X crsiDlhere-eli in X ergrößeruug und z-Lagunverstellung 

zu eneiehen Bei eine? Beschränkung am die reine z'\iomfmikü<>uubt;ii haben diu l utemm lium

30 gen fiezekit, dass die nenarmten Parameter bet einer maximalen Baulàmr.u von I 70 mm vonk> X.. X... s..·

\ nT.ivilei busersmue bi-' zm letzten Kollimaitonslmse vorteilhaft sind.
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pARSj 1 o/mJang^gumaF ist eme Numeiiscbe Apertm girnfe JJ smuesehen d?exe kann mt.Ii

gkneh U.l .> 'Mn. tmmdsfel.ich gilt es zu stark gekrümmte Linsen aiiwmsehheßem Ja diese

mehl meht fe an Jen Rand misgektiebiet werden 

plOJV1| hemmreh ist möglich. eine Bescbtehniiig ohne einen kompiexen lateralen Sehtehuh- 

cU-tn erlauf zu fwhgen, die trotzdem über die gesamte Fläche eine mednge llektixuat auf 

weist bs ist < ortei fei 1. dass die vorliegende ; 'rfmJttug mit einem mögL bst etnliielieit \ulhau 

det Bcm htehmngen anskemmt; wodorvh KeMen gesenkt und niedrige Afes novnen gewdbt'
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Ansprüche

5

10

15

20

25

1. Ein optisches System zur Abbildung von Laserstrahlung mit einstellbarem Abbildungs­

maßstab, umfassend vier Linsen, welche in drei Linsengruppen angeordnet sind, wobei 

die in Strahlrichtung der Laserstrahlung angeordnete erste Linsengruppe eine erste 

Linse mit positiver Brennweite umfasst, die zweite Linsengruppe eine zweite und eine 

dritte Linse mit negativer Brennweite und die dritte Linsengruppe eine vierte Linse mit 

positiver Brennweite umfasst und zweite Linse eine plankonkave Form bis hin zu einem 

Meniskus aufweist und die dritte Linse bikonkav ist.

2. Das optische System nach Anspruch 1, wobei die Krümmungsradien der zweiten Linse 

von Seite 1 zu Seite 2 in Strahlrichtung zwischen 20 mm /10 mm bis zu -100 mm /17 

mm betragen.

3. Das optische System nach einem der Ansprüche 1 oder 2, wobei die Krümmungsradien 

der dritten Linse von Seite 1 zu Seite 2 in Strahlrichtung zwischen -20 mm /20 mm bis 

zu -50 mm /17 mm betragen.

4. Das optische System nach einem der Ansprüche 1 bis 3, wobei keine Fläche einer der 

ersten bis vierten Linse bei maximaler Brennweite des optischen Systems einen lokalen 

Einfallswinkel von > 25° hat.

5. Das optische System nach einem der Ansprüche 1 bis 4, wobei die zweite und dritte 

Linse bei maximaler Brennweite des optischen Systems einen lokalen Einfallswinkel < 

20° haben.

6. Das optische System nach einem der Ansprüche 1 bis 5, wobei jede Linsengruppe zu­

mindest je eine asphärische Fläche aufweist.

7. Das optische System nach Anspruch 6, wobei die zweite Linse auf der ersten Seite eine 

asphärische Fläche aufweist.

8. Das optische System nach einem der Ansprüche 6 oder 7, wobei in der zweiten Linsen­

gruppe eine Linse asphärisch und die andere Linse sphärisch ist.

10
Lj



80308LU (VY)
HIGHYAG LASERTECHNOLOGIE GMBH

LU100753

ro 
-b.

GROUP

9. Das optische System nach einem der Ansprüche 1 bis 8, wobei die maximale Baulänge 

von virtueller Faserspitze bis zur letzten Kollimationslinse 195 mm beträgt.

10. Das optische System nach einem der Ansprüche 1 bis 9, wobei der Abstand von virtu­

eller Faserspitze bis zur Fläche der ersten Linse maximal 50 mm beträgt.

5 11. Das optische System nach einem der Ansprüche 1 bis 10, wobei die numerische Apertur

größer 0,1 ist.

12. Das optische System nach einem der Ansprüche 1 bis 11 mit einer numerischen Apertur 

von 0,125.

13. Das optische System nach einem der vorherigen Ansprüche, wobei zumindest eine der

10 Linsen der zweiten Gruppe aus synthetischem Quarzglas besteht.

14. Eine Verwendung eines optischen Systems nach einem der Ansprüche 1 bis 13 zur Ab­

bildung von Laserstrahlung mit einstellbarem Abbildungsmaßstab

15. Eine Verwendung eines optischen Systems nach einem der Ansprüche 1 bis 13 in Kom­

bination mit einem Halbleiter-Festkörperlaser, einem Scheiben-Laser oder einem Faser

15 Laser.

11
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FIG. 1

FIG. 2

——P-polarisiert, 1120 
nm

— · - S-polarisiert, 1120
nm

--------- Einfallswinkel 0°

---------Einfallswinkel 20°

- · — Einfallswinkel 30°

Wellenlänge [nm]

lav;
Lgroup
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FIG. 3
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ZUSAMMENFASSUNG

5 Die Erfindung betrifft eine Optik für Laserstrahlung und stellt ein optisches System zur Abbil­

dung von Laserstrahlung mit einstellbarem Abbildungsmaßstab zur Verfügung, umfassend vier 

Linsen, welche in drei Linsengruppen angeordnet sind, wobei die in Strahlrichtung der Laser­

strahlung angeordnete erste Linsengruppe eine erste Linse mit positiver Brennweite umfasst, 

die zweite Linsengruppe eine zweite und eine dritte Linse mit negativer Brennweite und die 

10 dritte Linsengruppe eine vierte Linse mit positiver Brennweite umfasst und zweite Linse eine 

plankonkave Form bis hin zu einem Meniskus aufweist und die dritte Linse bikonkav ist.

12
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Zu Pun kt V

Begründete Feststellung hinsichtlich der Neuheit, der erfinderischen Tätigkeit 
und der gewerblichen Anwendbarkeit: Unterlagen und Erklärungen zur 
Stützung dieser Feststellung

1 Es wird auf die folgenden Dokumente verwiesen:

D1 CN 206 696 535 U (SHANGHAI EVENOPTICS TECH CO LTD)
1. Dezember 2017 (2017-12-01)

D2 DE 10 2011 117607 AI (HIGHYAG LASERTECHNOLOGIE 
GMBH [DE]) 2. Mai 2013 (2013-05-02)

D3 DE 10 2016 005376 A1 (PREClTEC GMBH & CO KG [DE]) 9. 
November 2017 (2017-11 -09)

2 Die vorliegende Anmeldung erfüllt nicht die Erfordernisse der 
Patentierbarkeit, weil der Gegenstand der Ansprüche 1,2, 9, 10,14,15 nicht 
neu ist

2,1 DT offenbart ein optisches System zur Abbildung von Laserstrahlung mit
einstellbarem Abbildungsmaßstab, umfassend vier Linsen, welche in drei 
Linsengruppen angeordnet sind, wobei die in Strahlrichtung der 
Laserstrahlung angeordnete erste Linsengruppe eine erste Linse L1 mit 
positiver Brennweite umfasst, die zweite Linsengruppe eine zweite und eine 
dritte Linse (L2, L3) mit negativer Brennweite und die dritte Linsengruppe eine 
vierte Linse (L6) mit positiver Brennweite umfasst und zweite Linse eine 
plankonkave Form bis hin zu einem Meniskus aufweist und die dritte Linse 
bikonkav ist (Fig. 1).

Daher ist der Gegenstand des vorliegenden Anspruchs 1 nicht neu 
gegenüber den Lehren der Dl.

2 2 Das Verhältnis der Krümmungsradien der Linse L2 de· D1 liegt zwischen 
20mm/10mm und -100mm/i7mm (Tabelle in par. [0036]).

2.3 Der Abstand von "virtueller Faserspitze'' bis zur letzten Kollimationslinse in 
der Anordnung der Dl beträgt weniger als 50mm (Addition der Entfernungen 
in der 3. Spalte der Tabelle in par. [0036]).
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2.4 Der Abbildungsmaßstab der Anordnung der D1 ist einstellbar (s. z. B. die 
Zusammenfassung), Außerdem ist der verwendete Laser ein Festkörper 
Laser (Zusammenfassung: 1064πητ NckYAG Laser, 532nm- 
frequenzverdoppeiter Nd:YAG Laser).

2.5 Daher ist der Gegenstand der vorliegenden Ansprüche 2,9, 10, 14, 15 nicht 
neu gegenüber den Lehren der D1.

3 Die vorliegende Anmeldung erfüllt nicht die Erfordernisse der 
Patentierbarkeit, weil der Gegenstand der Ansprüche 3-8, 11-13 nicht auf 
einer erfinderischen Tätigkeit beruht

3.1 Die dritte und vierte Linse (Bikonkavlinsen) der D1 weisen Krümmungsradien 
von 9mm beidseitig, bzw. l24mm/40mm auf Der Gegenstand des 
vorliegenden Anspruchs 3 unterscheidet sich von den Lehren der D1 
dadurch, dass die Krümmungsradien der 3. Linse im Bereich -20mm/20mm 
bis -50mm/17mm hegen. Das Problem, weiches hierdurch gelöst wird, kann 
als Optimierung der Abbildungseigenschaften angesehen werden.

Es wird jedoch ais fachübliche Routine-Aufgabe für einen Fachmann 
angesehen, die Brennweiten, bzw. Krümmungsradien, der Linsen weiter zu 
optimieren, um bestimmte Abbildungseigenschaflen zu erreichen.

Daher wird der Gegenstand des vorliegenden Anspruchs 3 nicht als 
erfinderisch angesehen.

3.2 Ebenso erscheint es, dass die Auswahl von Einfallswinkels (Ansprüche 4, 5) 
bzw. numerischer Aperturen (Ansprüche 11, 12) nicht geeignet ist, einen 
Gegenstand zu definieren, welcher auf einer erfinderischen Tätigkeit beruhen 
würde, da dies als Resultat eines fachüblichen Optimierungsprozesses 
angesehen werden kann.

3.3 Der Gegenstand der Ansprüche 6-8 unterscheidet sich von den Lehren der 
DI dadurch, dass asphärische Linsenflächen verwendet werden. Es ist 
jedoch bekannt zur Korrektur sphärischer Abberationen asphai ische Linsen 
zu verwenden (siehe z.B. D2, par. [0082]) und somit die Abbudungsquaiität zu 
verbessern. Der Fachmann würde daher asphärische Flächen verwenden.

3.4 Der Gegenstand des vorliegenden Anspruchs 13 unterscheidet sich von den 
Lehren der D1 dadurch, dass mindestens eine der Linsen der zweiten Gruppe 
aus synthetischem Quarzglas besteht Quarzglas ist jedoch als

wtswt
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absorptionsarmes Material für Linsen allgemein bekannt und weit verbreitet 
(siehe z.8. ebenfalls 02, par. [0080]). Der Fachmann würde daher dieses 
Material wählen, um Transmissionsverluste zu minimieren,

3.5 Deshalb beruht der Gegenstand der vorliegenden Ansprüche 3-8,11-13 nicht 
auf eitier erfinderischen Tätigkeit im Sinne von Art. 56 EPÜ,

Punk! VIII

Bestimmte Bemerkungen zur Anmeldung

4 Die Ansprüche 1,2. 9, 10 sind nicht klar.

4.1 Die in Anspruch 2 beanspruchten Intervalle für Krümmungsradien der zweiten 
Linse scheinen nicht über den gesamten Bereich mit einer plankonkaven 
Linse kompatibel zu sein, da sie sowohl konvex-konkave wie auch bikonkave 
Linsen einschließen. Durch diese Inkonsistenz sind die Ansprüche 1 und 2 
unklar.

a 2 in den Ansprüchen 9 und 10 werden Baulängen des optischen Systems mit 
Hilfe einer virtuellen Faserspitze definiert, die jedoch nicht Teil des 
beanspruchten Systems ist. Dadurch ist die definierte Länge nicht klar 
definiert,

5 Die Erfindung wird nicht so deutlich und vollständig offenbart, dass ein 
Fachmann sie ausführen könnte. Es werden in der gesamten Anmeldung 
lediglich isolierte Parameter einzelner Linsenflächen gffenbart, jedoch kein 
Ausführungsbeispiel mit allen Parametern des Linsensystems 
(Krümmungsradien bzw. Brennweiten aller Linsen, Abstände). Dem 
Fachmann ist nicht klar, wie die Effekte der Erfindung mit den offenbarten 
isolierten Parametern erreicht werden können.
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SUBJECT OF THE INVENTION

A kind of dual-w'avelength laser continuous zoom beam expanding lens

[0001] Technical field

[0002] Laser technology field is the utility model is related io, more particularly, to a kind of dual­

wavelength laser continuous zoom beam expanding lens.

[0003] Background technology

[0004] Laser has fabuious monochromaticity, coherence and directionality, and has high 

brighlness.Therefore. laser has been Through the multiple fieids for being widely used in national 

economy.The beam diameter that iaser is sent is générai all smaller, but swashs in many In Sight 

application scenarios, the larger laser beam of beam diameter is generally required, such as#ln 

laser-processing system, in order to improve work Make efficiency, obtain larger laser illumination, 

then need to obtain the incident laser beam of larger beam diameter before amasthenic lens# In 

laser Illumination system and holographic imaging systems, it is necessary to larger beam diameter 

and compared with smail divergence angle LASER Light Source as system light Source.Therefore, 

the adjustable beam expanding lens of beam expanding lens, especially multiplying power can 

be all equipped with most iaser application systems, it is sharp for extending The diameter of light 

beam, improve the angle of divergence of laser beam.

[0005] Laser beam expanding lens are divided Into two kinds of fixed multiplying power beam expanding 

lens and Zooming expander.Laser application system is commonly using difference Laser, and 

every kind of iaser output laser beam size have difference, Zooming expander can be to the 

diameter of output beam it is adjusted, so as to adapt, to more application environments.

[0006] At present, most iaser beam expanding lens design for certain specific wavelength, are simply 

possible to use in specific wavelength light beam and are expanded. Therefore, multiple 

beam expanding lens for being respectively suitable for different wave length are just needed 

respectively to each wavelength light beam for multi-wavelength optica! system Expanded, cause 

system architecture compiicated.

PaLR' 1 ιΗ.·17>4£
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[0007] Paient CN 101211002A describe a kind cf 1064nm iaser zoomings beam expanding lens, and 

the beam expanding Sens is only capable of inputting i064nm Single wavelength laser, while 

the available multiplying power that expands of the beam expanding lens is 2-8 times#There is 

following deficiency#! ) it is variable to expand times Rate scope is smaller, only 2-8 times#2) beam 

expanding lens only adapts to the laser of specific wavelength -1064nm wavelength, application 

scenarios by Limitation.

[0008] The U of patent GN 20321'7180 describe a kind of fixed times 1064nm/532nm dual wavelength 

beam expanding lens, because it is fixed times Laser beam spot sizes can not be adjusted, 

application scenarios are restricted by design according to the actual requirements.

[0009] Utility model content

[0010] The purpose of this utility model is exactly to provide a kind of dual wavelength the defects of 

overcoming above-mentioned prior art to exist and swash Light continuous zoom beam expanding 

lens.

10011] The purpose of this utility model can be achieved through the following technical solutions#

[0012] A kind of dual-wavelength laser continuous zoom beam expanding lens, the dual-wavelength laser 

continuous zoom beam expanding lens can be to two kinds of wavelength Laser is expanded, 

that is, allows to input 532nm laser and l064nm laser, along laser light incident direction, dual- 

waveiength laser continuously becomes Power beam expansion lens include the first lens, the 

second lens, the 3rd lens, the 4th lens and the 5th lens continuously set, wherein described The 

first lens be biconvex positive lens, the second lens are the negative lens of plano-concave, and 

the 3rd lens are the negative lens of concave-concave, the 4th lens For the negative lens of 

concave-concave, the 5th lens are the positive lens of plano-convex,

[0013] Further, the spacing of the second lens and the 3rd lens on optical axis is da., cQScope be# 

4.5mm#d4# 27mm^The spacing of 3rd lens and the 4th lens on optical axis is de, deScope bef 

W0#de# 135mm, and 04With dps The margin of tolerance is 5%,

[0014] Further, described dijFor 25.2mm, described d^For 114.6mm, the expansion of the dual­

wavelength laser Zooming expander Beam multiplying power is 2.

[0015] Further, described d4For 20.1mm, described dgFor 124.5mm, the expansion of the dual­

wavelength laser Zooming expander Beam multiplying power is 4

Paiie 2 ίΗ.·17>4£
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(0016] Further, described d4For 1 Seim, described dgFor 127.4mm. the dual-wavelength laser Zooming 

expander expand® Multiplying power is 6.

(0617] Further, described d^For 10mm, described dgFor 128.9mm, the dual-wavelength laser Zooming 

expander expands Multiplying power is 8.

[0018] Further, described d^For 4,8mm, described dgFor 129,7mm, the expansion of the dual-wavelength 

laser Zooming expander Beam multiplying power is 10.

[0019] Further, the first described lens are respectively R including radius of curvature^RgTwo curved 

surface S^Sg. on its optical axis Center thickness be d-j. its material stated with the ratio between 

refractive index and Abbe number, i.e. Nd^#Vd-t, F^For 16.2mm, RgFor- 18.2mm d-^For 2,4mm, 

Ndf :Vd-jFor 1.46468, and d^With Nd-j :Vd-jThe margin of tolerance be 5%,

[0020] Further, the second described lens are respectively R including radius of curvaturegtfF^Two 

curved surfaceSg#^, on its optical axis Center thickness be dg, its material stated with the ratio 

between refractive index and Abbe number, i,e, Ndg^Vdg. described RgFor 16.5mm, R^For 0mm, 

dgFor 1 mm, NdgrVdgFor 1.57:42, and dgWith NdgrVdgThe margin of tolerance be 5%.

[0021] Further, the 3rd described lens are respectively R including radius of curvature$#RgTwo curved 

surface Sg#Sg, on its optical axis Center thickness be dg, its material stated with the ratio between 

refractive index and Abbe number, i.e. Nd5#Vd§, described RgFor -9mm, RgFor 9mm, dgFor 2mm, 

NdgtVdgFor 1.46468. and dgWith NdgiVdgThe margin of tolerance be 5%.

[0022] Further, the 4th described lens are respectively R including radius of curvaturey#RgTwo curved 

surface Sy#Sg, on its optical axis Center thickness be dz, its material stated with the ratio between 

retractive index and Abbe number, i.e. Nd/tfVdy, described R7F01 -124mm, RgFor 40mm. d/For 

4.4mm, NdyiVdyFor 1.57442, and dyWith NdyiVdyThe margin of tolerance be 5%.

[0023] Further, the 5th described lens are respectively R including radius of curvature^#R^Two curved 

surface Sg#S}Q, its optical axis On center thickness be dg, its material stated with the ratio 

between refractive index and Abbe number. i,e, Ndg4Vdg described RgFor 43,9mm R^For 

-43.9mm, dgFor 11mm, Ndg VdgFor 1.46468, and dgWith Ndc/VdgThe margin of tolerance be 5%.

[0024] Compared with prior art, dual-wavelength laser continuous zoom beam expanding lens overall 

structure of the present utility model is simple, compact, It is conveniently adjusted.Expanding

(H. 12 2018 i>i-17:4*
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multiplying power and (2-10 times) can be adjusted in a big way due to laser beam, meanwhile, 

again can be compatible The laser beam of i064nm and 532nm wavelength.Therefore. the 

different ginsengs that beam expanding lens of the present utility model can export various lasers 

The laser of number and different wave length is applied to same laser application system# 

Simultaneously, it can also be used to have different requirements to laser parameter Various laser 

applied optics systems,

[0025] Brief description of the drawings

[0026] Fig, 1 is the optical system structure schematic diagram of dual-wavelength taser Zooming 

expander of the present utility model.

[0027] Fig, 2 is the figure of optical lens preferred embodiment in the preferred embodiment of dual­

wavelength laser Zooming expander one of the present utility model,

[0028] Fig, 3 is the encircled energy figure in the preferred embodiment of dual-wavelength laser Zooming 

expander one of the present utility model.

[0029] Fig, 4 is the optical transfer function figure in the preferred embodiment of dual-wavelength laser 

Zooming expander one of the present utility model.

[0030] Embodiment

[0031] The utility model is described in detail with specific embodiment below in conjunction with the 

accompanying drawings,

[0032] Embodiment 1

[0033] In laser processing procedure, usually require that laser is concentrated very much in the energy 

of focus point, ensure that laser processing procedure gathers The energy density of focus so that 

laser process equipment can expeditiously work.it is theoretical according to diffraction limit#The 

angle of divergence of laser # and waist diameter byproduct be constant.lt is general ali smaller 

from the laser beam spot sizes of laser output, focused by one Away from optical convergence 

system focus on before, it is desirable to expanded light beam diameter is to reduce angle of 

divergence #, while it is straight to obtain larger incident beam Footpath.Assuming that a laser 

beam expanding system is added in laser and focal length is I optical convergence systems, 

as requested from appropriate Expand multiple # so that laser beam expand arrives a diameter 

of dg, the now angie of divergence ■# of lasergnterStill meet diffraction limit Theoretics! 

relationship##£nierD=# d;>4 #/#, so, #Enter#7#=4 #/# D.So, preferable convergent laser hot

4 Οι* J
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spot #- #EnterF~4 # f/ // D.So by obtaining suitable D values from suitable multiplying power //, 

preferable focal beam spot # can be obtained, To improve the energy density at job spotlight.

[0034] To adapt to various lasers wavelength, beam diameter and the needs of angle of divergence 

shaping, the utility model provides one kind can With the dual-wavelength laser Zooming expander 

of consecutive variations beam expanding lens multiplying powenSo use strong adaptability, it is 

easier to meet light Beam shaping and the requirement of different wave length, have selected the 

diameter of the most frequently used laser beam and multiplying power is used as design starting 

point, work as laser light During incident a diameter of 3mm-8mm of beam, the multiplying power 

excursion of the beam expanding lens is 10-2.

(9035] Reference picture 1, the utility model provide a kind of dual-wavelength laser Zooming expander, 

and it is included along incident light transmission direction The the first tens L setj, the second 

lens L2, t'ne 3rd lens Lg, the 4th lens L^With the 5th lens L5, wherein the first lens are double 

Convex positive lens, the second lens are the negative lens of plano-concave, and the 3rd lens are 

the negative lens of concave-concave, and the 4th iens are negative for concave-concave Mirror, 

the 5th lens are the positive lens of biconvex.

[0036] First lens It is respectively R including radius of curvature^FDTwo curved surface the 

center thickness d on its optical axis^, Its material is expressed as Nd-j (refractive index)#Vd-{(Abbe 

numberjtfSecond lens Lgii is respectively R including radius of curvatur©3#R4Two curved surfaces 

83//84, the center thickness d on its optical axisg, its material is expressed as Ndgfrefractive 

index)#Vd3<Abbe number)#3rd lens (^Including song Rale radius Is respectively RstfR^Two 

curved surface S§#Sg, the center thickness d on its optical axiss, its material is expressed as 

Nd^frefractive index)# Vd^fAbbe number)#4th lens L4H is respectively R including radius of 

curvatureyÿRgTwo curved surface Syf/Sg, the center thickness on its optical axis dy. its material 

is expressed as Ndyffefraclive index)#Vdy(Abbe number)#5th lens L5II is respectively R including 

radius of cun/atureg#R-|oTwo songs Face Sg#SiQ. the center thickness d on its optical axisg, its 

material is expressed as Ndgfrefractive index)#Vdg(Abbe number).

[0037] The spacing of second lens and the 3rd lens on optical axis is 04, d^Scope be#4.5mm#d4#27mm# 

3rd is saturating The spacing of mirror and the 4th lens on optical axis is d$, dgScope be#i00#dß# 

135mm, and d4With dgThe margin of tolerance be 5%.

[0038] The specific data parameters of the dual wavelength Zooming expander of the present 

embodiment are as shown in table 1, wherein#
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[0039] #gntet«3mm-8mm, #-2-10, #~1064nm/532nm. #EntefFor dual-wavelength laser zoom cf the 

present utility model The incident beam diameter scope that beam expanding lens is allowed, for # 

to expand multiple:, # is the wavelength of inputs light beam.

[0040] The ultraviolet laser variable power beam expansion fens design parameter of tablé 1

[0041]

[0041] d4And dglt is adjustabte.By adjusting daWith dg, can make beam expanding lens produce it is 

different expand multiple, its corresponding relation Citing is as shown in table 2#

[0042] Table 2d4With dgRelation corresponding to expand multiple caused by beam expanding lens

[0043]
d4(mm) d6(mm) #

25.2 114.6 2

20.1 124.5 4

15 127.4 6

10 128.9 8

4.8 129.7 10

[0044] In upper table, the subsequent corrosion of ultraviolet laser variable power beam expansion lens, 

curved surface interval and material parameter can be with ± 5% Solve technical problems to 

be solved in above-described embodiment, reach same technique effect, it is described in detail 

below#

[0045] 1) surface curvature t 5%R-j..jθ

[0046] 2) curved surface interval d_g#di ,g# ± 5%d-j_g

[0047] 3} refractive index#Abbe number Nd-i.g^di-g^Ndj.giVd-j.g# ± 5%Ndvg:Vd-j_9

[0048] The figure of optical lens preferred embodiment of the oual-wavelength laser Zooming expander 

of the present embodiment is as shown in Fig, 2 can be significantly from figure Go out when 

incident beam is in the case Of 0 of -0.055 e of incident angle, the beam quality of its outgoing 

beam is all in diffraction limit. Encircled energy figure is as shown in figure 3, from the graph, it is 

apparent that when incident beam is in the situation of 0 ° of -0.055 ° of incident angle Under, the 
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disc of confusion radius that the beam quality of its outgoing beam can be formed is all in 0.015 

micron.Optical transfer function figure is as schemed Shown in 4. from the graph, it is apparent that 

work as incident beam in the case of 0 ° of Ό.055 ° of incident angle, the light of its outgoing beam 

Learn transmission function and all reach diffraction limit.

[0049] The above-mentioned description to embodiment is understood that for ease of those skilled in 

ths art and using practicality It is new.Person skilled in the art obviously can easily make various 

modifications to these embodiments, and illustrating herein General Principle be applied in other- 

embodiment without by performing creative labour.Therefore, the utility model is not limited to 

above-mentioned Embodiment, those skilled in the art according to announcement of the present 

utility model, do not depart from improvement that the utility model category made and Modification 

all should be within the scope of protection of the utility model,

SUBJECT OF THE INVENTION

A Dual Wavelength Laser Continuous Variable Beam Expander

[0001] Technical field

[0002] The utility model relates to the field of laser technology, in particular to a double-wave length laser 

zooming beam expander.

[0003] Background technique

[0004] Laser has excellent monochromatic, coherent and directional, and has very high brightness. 

Therefore, the laser has been widely used in many fields of national economy. However, in 

many laser application scenarios, a laser beam with a large beam diameter is often required. For 

example, in a laser processing system, in order to improve working efficiency and obtain larger 

laser illuminance, It is necessary to obtain an Incident laser beam with a larger beam diameter 

before the focusing lens and a laser sou rce with a larger beam diameter and a smaller divergence 

angle in the laser illumination system and the holographic imaging system as a system light 

source. Therefore, most of the laser application system will be equipped with beam expander, 

especially magnification adjustable beam expander, used to expand the diameter of the laser 

beam to improve the divergence angle of the laser beam.

[0005] Laser beam expander is divided into fixed magnification beam expander and variable magnification 

beam expander two. Laser applications often use different lasers, and each laser output laser 

beam size is different, variable magnification beam expander beam diameter can be adjusted to 

accommodate more applications.
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[0006] At present, most of the laser beam expander mirrors are designed for a specific wavelength 

and can only be used for beam expander at a specific wavelength. Therefore, for a multi­

wavelength optical system, a plurality of beam expander mirrors respectively adapted to different 

wavelengths are respectively used to expand the beams of each wavelength separately, resulting 

In a complicated system structure.

[0007] Patent CN101211002A describes a 1064nm laser zooming beam expander, which can only input 

1064nm single wavelength laser beam, while the expander beam expander magnification is 2-8 

times; has the following deficiencies: 1 ) The range of variable beam expander is small only 2-8 

times; 2) The beam expander only adapts to a laser with a specific wavelength of -1064 nm, and 

the application scene is limited.

[0008] Patent CN Ξ03217180 U describes a doubled 1064nm / 532nm dual-wavelength beam expander 

which can not adjust the diameter of the laser beam according to the actual demand because of its 

constant-fold design. The application scene is limited.

[0009] Utility model content

[0010] The purpose of the utility model is to provide a dual-wavelength laser continuous variable 

magnification beam expander in order to overcome the defects in the prior art.

[0011] The object of the present invention can be achieved by the following technical solutions;

[0012] A dual-wavelength laser zooming beam expander, which can expand the laser beam of two 

wavelengths, allowing 532nm laser and l064nm laser to be input along the direction of laser light, 

two-wavelength laser The continuous zooming beam expander includes a first Sens, a second lens, 

a third lens, a fourth lens and a fifth lens which are arranged continuously, wherein the first lens is 

a biconvex positive lens and the second lens is a plano-concave Negative lens, the third lens is a 

biconcave negative lens, the fourth lens is a biconcave negative lens, and the fifth lens is a plano­

convex positive lens.

[0013] Further, the distance between the second lens and the third lens on the optical axis is d4, the 

range of d4 is 4,5 mrn#d4#27 mm, the distance between the third lens and the fourth lens on the 

optical axis is d6, the range of d6 Is: 100#d6#135mm, and the tolerance of d4 and d6 is in the 

range of 5%;

[0014] Further, the d4 is 25.2mm and the d6 is 114.6mm. The double-beam laser beam expander has a 

beam expander magnification of two,
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[0015] Further, the d4 is 20.1 mm, the d6 is 124.5 mm. and the double-beam laser beam magnification 

beam expander has a beam expanding ratio of 4.

[0016] Further, the d4 is 15 mm, the d6 is 127,4 mm, and the double-beam laser beam magnification 

beam expander has a beam expander magnification of 6.

[0017] Further, the d4 is 10 mm. the d6 is 128.9 mm. and the beam expander ratio of the duai wavelength 

laser beam expander lens is 8.

[0018] Further, the d4 is 4,8mm. the d6 is 129.7mm. and the double-beam faser beam expander has a 

beam expander magnification of 10.

[0019] Further, the first lens comprises two curved surfaces S1 and S2 with radii of curvature R1 and R2, 

respectively, and the central thickness on the optical axis is d1. The material of the first Sens is 

expressed by the ratio of the refractive index and the Abbe number, that is. Nd1 : Vdl, R1 is 16.2 

mm, R2 is -16.2 mm, di is 2.4 mm, Ndl ; Vdl is 1,46; 68, and the tolerance of di and Nd1 : Vdl is 

5%,

[0020] Further, the second lens comprises two curved surfaces S3 and S4 with radii of curvature R3 and 

R4 respectiveiy, and the center thickness on the optical axis is d3. The material of the second lens 

is expressed by the ratio of the retractive index and the Abbe number, that is, Nd3: Vd3, R3 is 16,5 

mm, R4 is 0 mm, d3 is 1 mm, Nd3; Vd3 is 1.57; 42, and the tolerance of d3 and Nd3; Vd3 is 5%.

10021] Further, the third lens comprises two curved surfaces S5, S6 with radii of curvature R5 and R6, 

respectiveiy, and the center thickness on the optical axis is d5. The materiai of the third lens is 

represented by the ratio of the refractive index to the Abbe number, that is, Nd5: Vd5. R5 is -9 mm, 

R6 is 9 mm, d5 is 2 mm, Nd3: Vd3 is 1,45: 68, and the tolerance of d5 and Nd5: Vd5 is 5%,

[0022] Further, the fourth lens comprises two curved surfaces S7 and S8 with radii of curvature of R7 and 

R8, respectively, and the center thickness on the optical axis is d'7. The material of the fourth lens 

is expressed by the ratio ef the refractive index to the Abbe number, that is, Nd7: Vd7, R7 is -124 

mm, R8 is 40 mm, d7 is 4,4 mm, Nd7: Vd7 is 1.57: 42, and the tolerance of d7 and Nd7: Vd7 is 

5%.

[0023] Further, the fifth iens comprises two curved surfaces S9 and S10 with radii of curvature of R9 and 

R10, respectively, and the center thickness on the optical axis is d9- The material of the fifth lens 

is represented by the ratio of the refractive index to the Abbe number, that is, Nd9: Vd9, the R9 is 
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43.9 mm. the R10 is -43.9 mm, ths d9 is 11 mm, ths Nd9; Vd9 is 1.46:68, and ths tolerance for d9 

and Nd9: Vd9 is 5%.

[0024] Compared with the prior art, ths dual-wavelength continuous variable beam expander lens of 

the utility model has the advantages of simple overall structure, compactness and convenient 

adjustment. Since the beam expander rate of the laser beam can be adjusted in a large range 

(2-10 times), it can also be compatible with laser beams of 1064 nm and 532 nm wavelength. 

Therefore, the beam expander of the present invention can apply different parameters and different 

wavelengths of laser output from different lasers to the same laser application system, and can 

also be applied to various laser application optical systems that have different requirements on the 

laser parameters.

[0025] BRIEF DESCRIPTION OF THE DRAWINGS FIG

[0026] FIG, 1 is a schematic structural diagram of an optical system of a double-wavelength laser beam 

expander of the present invention,

[0027] Figure 2 is a utility model of dual-wavelength laser beam expander magnification of a preferred 

embodiment of the diffusion pattern,

[0028] Figure 3 is a dual-wavelength lasei beam expander according to a preferred embodiment of the 

energy concentration of the utility model.

[0029] Figure 4 is a utility model dual-wavelength laser beam expander magnification of a preferred 

embodiment of the optical transfer function diagram.

10030] detailed description

[0031] The utility model will be described in detail below with reference to the accompanying drawings 

and specific embodiments.

[0032] Example 1

[0033] Laser processing, the laser usually requires the focus of the energy is very concentrated to ensure 

that the laser processing focus point of the energy density, making the laser processing equipment 

can work efficiently. According to the diffraction limit theory: the product of the divergence angle 

# of the laser light and the diameter do of the light waist is constant. The laser beam output from 

a laser is typically of relatively small diameter, requiring the beam diameter to be enlarged to 

reduce the divergence angle [theta] while obtaining a larger incident beam diameter prior to 
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focusing through an optical converging system of a certain focal length. Suppose a laser beam 

expander system is added to the optical converging system with a focal length f of the laser and an 

appropriate beam expander # is selected according to the requirements so that the laser beam is 

expanded to a diameter of D = # * do. At this time, the divergence angle # of the laser beam Stiil 

satisfy the diffraction limit theoretical relationship: #-ln ■ D - # ■ do - 4# / #, and therefore, #-in - 

# / # = 4# / #D, Thus, the idea! converging laser spot # = # * f 4#f / #D. Therefore, by choosing 

proper magnification # to obtain the proper D value, the ideal focusing spot # can be obtained to 

increase the energy density at the working focal point

[0034] In order to meet the needs of different laser wavelength., beam diameter and divergence angle 

shaping, the utility model provides a double-wavelength laser zooming expander lens which can 

continuously change the magnification of the beam expander. This adaptability to use and easier to 

meet the requirements of beam shaping and different wavelengths, the most commonly used laser 

beam diameter and magnification as the starting point for the design, when the laser beam incident 

diameter of 3mm~8mrn, the beam expander Magnification range is 10-2.

[0035] 1, the present invention provides a doubie-wavelength laser zoom beam expander, which includes 

a first lens L1, a second lens L2, a third lens L3, a fourth lens L4 and a fifth lens Lens L5. wherein 

the first lens is a biconvex positive lens, the second lens is a plano-concave negative lens, the 

third lens is a biconcave negative lens, the fourth lens is a biconcave negative lens, the fifth lens is 

biconvex Positive lens.

[0036] The first lens 11 includes two curved surfaces SI and S2 with radii of curvature R1 and R2, 

respectively, and a center thickness di on the optical axis thereof is expressed by Ndl (refractive 

index): Vd l (Abbe number); the second lens 12 Includes two curved surfaces S3 and S4 with radii 

of curvature R3 and R4, respectively, and a center thickness d3 on an optical axis thereof, which 

is expressed by Nd3 (refractive index): VdS (Abbe number); the third lens L3 includes curvature 

radiuses R5, R6 two curved surfaces S5. S6, the center of the optical axis d5. the material is 

expressed as Nd5 (refractive index): Vd5 (Abbe number); the fourth Sens L4 includes a radius of 

curvature R7, A8 Of the two curved surfaces $7, S8. the center thickness d? on (he optical axis 

thereof is expressed by Nd7 (refractive index): Vd? (Abbe number); the fifth lens 15 includes two 

curved surfaces S9 , S10. the center thickness d9 on the optical axis thereof, the material of which 

is expressed as Nd9 (refractive index): Vd9 (Abbe’s number),

[0037] The distance between the second tens and the third Sens on the optical axis is d4, the range of d4 

is 4.5 mm#d4#27 mm, the distance between (he third lens and the fourth lens on the optical axis is 

d6, and the range of d6 is 100 #d6#l35mm, and the tolerance of d4 and d6 is 5%.
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[0038] The specific data parameters of the dual-wavelength variabie-power beam expander in this 

embodiment are shown in Table 1, wherein:

[0039] # - 3mm-8mm. # = 2-10, # 1064nm / 532nm, # is the allowable incident beam diameter range 

of the dual wavelength laser beam expander of the present invention, # is the beam expander 

magnification, and ft is Enter the wavelength of the light beam.

[0040] Table 1 ÜV laser variable beam expander specific parameters

12
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[0042] d4 and 36 are adjustable. By adjusting d4 and d6, beam expander can produce different beam 

expander multiples, the correspondence between the examples shown in Table 2;

[0043] Table 2d4 and d6 corresponding to the expansion beam expander multiplier

[0044] d4 (mm) d6 (mm) # 25.2 114.6 2 20.1 124.5 4 15 127.4 6 10 128.9 8 4.8 129.7 10

[0045] In the above table, the technical problems to be solved in the above embodiments can be solved 

within the range of ± 5% of the surface radius, the surface intervai and the material parameters of 

the ÜV laser variable magnifying beam expander to achieve ths same technical effect, which is 

specifically described as follows:

[0046] DSurface radius of curvature R1-10#R1-l0 # ± 5% · R1-10

[0047] 2)Sui1ace clearance di -9#d1 -9 # ± 5% - d1 -9

[0048] 3)Refractive Index; Abbe number Nd1 -9: Vd1 -9#Ndl-9: Vdl-9 # + 5% · Ndl-9: Vd1-9

[0049] Dispersion pattern of the double-wavelength laser beam expander in this embodiment is shown 

in FIG. 2. It can be clearly seen from the figure that 'when ths incident beam is incident at an 

angle of 0 ° -0.055 The beam quality is within the diffraction limit. Energy concentration diagram 

shown in Figure 3, it can be clearly seen from the figure, when the incident beam at 0 ϋ -0.055 G 

incident angle case, the beam quality of the outgoing beam can form the radius of the diffusion 

speckle are 0.015 microns Inside. The optical transfer function diagram is shown in Fig. 4. It can be 

clearly seen from the figure that the optical transmission function of the outgoing beam reaches the 

diffraction limit when the incident beam is incident at an angle of 0 0 -0.055 b

[0050] The above description of the embodiments is intended to facilitate those of ordinary skill in the 

art to understand and use the invention, it will be apparent to those skilled in the art that various 

modifications may be made to these embodiments and that the general principles described herein 

may be applied to other embodiments without having to undergo inventive iabor. Therefore, the 

present invention is not limited to the above embodiments. Those skilled in the art should, based 

on the disclosure of the present invention, make improvements and modifications without departing 

from the scope of the present invention wdhin the protection scope of the present invention.
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1. 1. a kind of dual-wavelength laser continuous zoom beam expanding lens, it is characterised in that 

the dual-wavelength laser continuous zoom beam expanding lens can be right The laser of two kinds 

of wavelength is expanded, that is, allows to input 532nm laser and 1064nm laser, along laser light 

incident direction, dual wavelength The first lens that laser continuous zoom beam expanding iens 

includes continuously setting, the second lens, the 3rd lens, the 4th lens and the 5th saturating Mirror, 

wherein the first described lens are biconvex positive lens, the second lens are the negative lens of 

plano-concave, and the 3rd lens are negative for concave-concave Mirror, the 4th lens are the negative 

lens of concave-concave, and the 5th lens are the positive lens of piano-convex.

2. 2. a kind of dual-wavelength laser continuous zoom beam expanding lens according to claim i, it is 

■characterised in that the second lens and Spacing of three lens on optical axis is d4. d4Scope be# 

4.5mm#d4#27mm#3rd lens and the 4th lens are on optical axis Spacing be dpr dgScope be#100#dg# 

135mm, and d.4.With dgThe margin of tolerance be 5%.

3. A kind of 3. dual-wavelength laser continuous zoom beam expanding lens according to claim 2. it is 

characterised in that described d4For 25.2 mm, described dgFor 114,6mm, the multiplying power that 

expands ol the dual-wavelength laser Zooming expander is 2... or.

Described d4For 20.1 mm. described dgFor 124.5mm, the multiplying power that expands of the dual­

wavelength laser Zooming expander Is 4, or,

Described d4For 15mm, described dgFor 127,4mm, the multiplying power that expands of the dual­

wavelength laser Zooming expander is 6, or,

Described d4For 10mm, described dgFor 128,9mm, the multiplying power that expands of the dual­

wavelength laser Zooming expander is 8, or,

Described d4For 4,8mm, described dgFor 129.7mmy the duaFwavelength laser Zooming expander 

expands multiplying power as 10.

4. 4. a kind of dual-wavelength laser continuous zoom beam expanding lens according to claim i, 

it is characterised in that described first is saturating Mirror ?s respectively R including radius of 

curvature-j#R?Two curved surface Sf/fSg, the center thickness on its optical axis is d-j, its material is 

with refractive index Stated with the ratio between Abbe number, i.e. Nd-}#Vdi, R^For 16.2mm, RgFor 

-16.2mm, d-j For 2.4mm. Ndi :Vd^For 1.46# 68, and di and Nd-t :Vd^The margin of tolerance be 5%.

5. 5. a kind of dual-waveiength laser continuous zoom beam expanding lens according to claim 1. it 

is characterised in that described second is saturating Mirror is respectively R including radius of 

curvatur©3#R4Two curved surface Sg#S4, the center thickness on its optical axis is dg, its material 

is with refractive index Stated with the ratio between Abbe number, i.e, NdgtfVdg, described RgFor 

16.5mm, R4For 0mm, dgFor 1mm, NdgiVdgFor 1.57: 42, and dgWrth NdgAZdgThe margin of tolerance 

be 5%.
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6. 6. a kind of dual-wavelength laser continuous zoom beam expanding Sens according to ciaim 1, it 

is characterised in that described the 3rd is saturating Mirror is respectively R including radius of 

curvatures#RgTwo curved surface Sg#$g, the center thickness on its optical axis is dg, its material is 

with refractive index Stated with the ratio between Abbe number, i.e. NdgWdg, described R§For -9mm, 

RgFor 9mms dgFor 2mm, Nds-VdgFor 1.46#68, And dgWith Nd&VdgThe margin of tolerance be 5%.

7. 7. a kind of dual-wave length taser continuous zoom beam expanding Sens according to claim 1, it 

is characterised in that described the 4th is saturating Mirror is respectively R including radius of 

curvature7#RgTwo curved surface Sy#Sg, the center thickness on its optical axis is dy, its material 

is with refractive index Stated with the ratio between Abbe number, i.e. Ndy^Vd?, described R-yFor 

-124mm, RgFor4ûmrm dyFor 4.4mm, NdyiVdyFor 1.57#42, anddyWith NdytVdyThe margin of 

tolerance be 5%,

8. 8. a kind of dual-wavelength laser continuous zoom beam expanding lens according to claim 1, it 

is characterised in that described the 5 th is saturating Mirror is respectively A including radius of 

curvatureg#R-|oTwo curved surface SgltS-jg, the center thickness on its optical axis is dg, its material is 

to reflect The ratio between rate and Abbe number are stated, i.e. Ndg#Vdg. described RgFor 43,9mm, 

RfQpor -43.9mm, dgFor 11mm, Ndg.VdgFor 1.46#68, and dgWith Ndg:VdgThe margin of tolerance be 

5%.

1. 1. a kind of dual-wavelength laser continuous zoom beam expanding Sens, it is characterised in that 

the dual-wavelength laser continuous zoom beam expanding lens can be right The laser of two kinds 

of wavelength is expanded, that is, allows to input 532nm laser and l084nm laser, along laser light 

incident direction, dual wavelength The first fens that laser continuous zoom beam expanding lens 

includes continuously setting, the second lens, the 3rd lens, the 4th lens and the 5th saturating Mirror, 

wherein the first described lens are bicon vex positive lens, the second lens are the negative lens of 

plano-concave, and the 3rd lens are negative for concave-concave Mirror the 4th lens are the negative 

fens of concave-concave, and the 5th lens are the positive lens of plano-convex.

2. 2. a kind of dual-wavelength laser continuous zoom beam expanding lens according to claim 1, it is 

characterised in that the second lens and Spacing of three lens on optical axis is d,i, d^Scope be# 

4.5mm#d4#27mm#3rd lens and the 4th tens are on optical axis Spacing be dg, dgScope be#W0#dg# 

135mm, and d4With dgThe margin of tolerance be 5%.
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3. A kind of 3. dual-wavelength iaser continuous zoom beam expanding ions according to ciaim 2. it is 

characterised in that described d^For 25.2mm, described dgFor 114,6mm, the multiplying power that 

expands of the dual-wavelength laser Zooming expander is 2, or,

Described dz|For 20.1 mm. described dgFor 124.5mm, the multiplying power that expands of the dual- 

waveiength laser Zooming expander is 4. or,

Described d^For 15 mm, described dgFor 127,4mm, the multiplying power that expands of the duai- 

wavelength laser Zooming expander is 6, or.

Described d4For Wmm, described dgFor 128,9mm, the multiplying power that expands of the dual· 

wavelength laser Zooming expander is 8, or.

Described d4For 4,8mm, described dgFor 129,7mm, the dual-wavelength laser Zooming expander 

expands multiplying power as 10.

4. 4. a kind of dual-wavelength laser continuous zoom beam expanding lens according to claim 1, 

it is characterised in that described first is saturating Mirror is respectively R including radius of 

curvature^RgTwo curved surface S-j#S2, the center thickness on its optical axis is dj, its material is 

with refractive index Stated with the ratio between Abbe number, i.e. Nd-j#Vd-j. R jFor 16.2mm, RgFor 

-I6,2mrn, di For 2,4mm, Ndi :Vd$For 1,46# 68, and d1 and Nd-| :Vd|The margin of tolerance be 5%,

5. 5. à kind of dual-waveiength laser continuous zoom beam expanding iens according to claim 1, it 

is characterised in that described second is saturating Mirror is respectively R including radius of 

curvatUfS3#R4Two curved surface Sg#S4, the center thickness on its optical axis is dg, its material 

is with refractive index Stated with the ratio between Abbe number, i.e, NdgSfVdg, described RgFor 

16,5mm, F^For Omm, dgFor 1mm, NdgiVdgFor 1.57:42, and dgWith NdgAfdgThe margin of tolerance 

be 5%.

6. 6. a kind of dual-wavelength laser continuous zoom beam expanding lens according to claim 1, it 

is characterised in that described the 3rd is saturating Mirror is respectively R including radius of 

curvatureg#RgTwo curved surface S^Sg. the center thickness on its optical axis is d$, its material is 

with refractive index Stated with the ratio between Abbe number, i.e. Ndg^clg, described RsFor -9mm, 

RgFor 9mm, d^For 2mm, Nd^VdgFor 1.46#68, And d.gWith NdgiVagThe margin of tolerance be 5%.

7. 7. a kind of dual-wavelength laser continuous zoom beam expanding lens according to claim 1, it 

is characterised in that described the 4th is saturating Mirror is respectively R including radius of 

curvatureyftRgTwo curved surface SyftSg, the center thickness on its optical axis is dy, its material 

is with refractive index Stated with the ratio between Abbe number, i.e, NdyffVdy, described R-yFor 

-124mm, RgFor 40mm, dyFor 4.4mm, Ndy-.VdyFor 1.57#42, anddyWith Ndy.'VdyThe margin of 

tolerance be 5%.

8 . 8. a kind of dual' wavelength laser continuous zoom beam expanding lens accordi ng to claim 1, it 

is characterised in that described the 5th is saturating Mirror is respectively R including radius of 

curvatureg#R^oTwc curved surface Sg#Sio, the center thickness on its optical axis is dg. its material is 

to reflect The ratio between rate and Abbe number are stated, ke, Ndg#Vdg, described RgFor 43.9mm,
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RißFor -43.9mm, dgFor 11 m, NdgVdgFor 1,46#68, and dgWith NdgiVdgThe margin of tolerance be

5%.

1. 1 .A dual-wavelength continuous variable-power beam expander with double-wavelength laser beam 

expander can expand two types of laser beams, that is, 532-nm laser beam and 1064-nm laser beam 

are allowed to be input along a laser beam incident direction , The double-wavelength laser continuous 

variable magnification beam expander lens comprises a first lens, a second tens, a third tens, a fourth 

lens and a fifth tens arranged in series, wherein the first lens is a biconvex positive lens and the second 

lens Concave concave negative lens, the third lens is a biconcave negative lens, the fourth lens is a 

biconcave negative lens, and the fifth tens is a plano-convex positive lens.

2. 2.The doubte-wavelength laser continuous variable beam expander lens according to claim 1, wherein 

the distance between the second lens and the third lens on the optical axis is d4, the range ol d4 is 4.5 

mm # d4 # 27 mm ; The distance between the third lens and the fourth lens on the optical axis is do, the 

range of d6 is; 100#d6#135mm, and the tolerance of d4 and d6 is in the range of 5%.

3. 3,According to claim 2, wherein a doubte-wavelength laser zooming beam expander, characterized 

in that the d4 is 25.2mm, the d6 is 114.6mm, the doubte-wavelength laser beam expander The beam 

magnification is 2, or,

The d4 is 20.1mm, the d6 is 124.5mm, the beam expander magnification of the dual wavelength laser 

beam expander is 4,

The d4 is 15mm, the d6 is 127.4mm, the beam expander magnification of the dual wavelength laser 

beam expander is 6, or.

The d4 is 10mm, the d6 is 125.9mm. the beam expander magnification of the dual wavelength laser 

beam expander is 8,

The d4 is 4,8 mm, the d6 is 129.7mm, the beam expander magnification of the dual-wavelength laser 

beam expander is 10.

4. 4.The double-wavelength laser continuous variable beam expander lens according to claim 1, wherein 

the first lens comprises two curved surfaces S1 and S2 with radii ol curvature R1 and R2, respectively, 

on the optical a.xis The thickness of the center is d1, the material of which is expressed as the ratio of 

the refractive index to the Abbe number, ie Ndl : VdL R1 is 16.2 mm. R2 is -16.2 mm, di is 2.4 mm, 

Nd1 : Vdl is 1.46:68. To Nd1 : Vd1 tolerance range of 5%.

5. 5.The doubte-wavelength laser continuous variable beam expander lens according to claim 1. wherein 

the second lens comprises two curved surfaces S3 and S4 with radii of curvature of R3 and R4, 

respectively, on the optical axis The center thickness is d3 and the material is expressed as the ratio 

of the refractive index to the Abbe number, ie Nd3; Vd3, R3 is 16.5 mm, R4 is 0 mm, d3 is 1 mm, Nd3: 

Vd3 is 1.57; 42 and 03 To Nd3; Vd3 tolerance range of 5%.

6. 6The double-wavelength laser continuous variable beam expander according to claim 1. wherein the 

third lens comprises two curved surfaces S5. S6 with radii of curvature of R5 and R6, respectively, on 

the optical axis The center thickness is d5 and the material is expressed as the ratio of the refractive
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index to the Abbe number, ie Nd5; Vd5, R5 is -9 mm, R6 is 9 mm, d5 is 2 mm, Nd5; Vd5 is 1.46; 68 and 

d5 The tolerance to Nd5; Vd5 is 5%.

7. 7.The double-wavelength laser continuous variable beam expander iens according to claim 1, wherein 

the fourth tens comprises two curved surfaces S7, S8 with radii of curvature of R7, R8. respectively, 

on the optical axis The center thickness is d7 and its material is expressed as the ratio of the refractive 

index to the Abbe number, ie Nd7: Vd7, the R7 is -124 mm, the R8 is 40 mm, the d7 is 4.4 mm and the 

Nd7; Vd7 is 1,57; 42, and Tolerances for d7 and Nd7; Vd7 are 5%.

8. 8,The double-wavelength laser continuous variable beam expander iens according to claim i, wherein 

the fifth lens comprises two curved surfaces S9 and S10 with radii of curvature of R9 and RIO, 

respectively, on the optical axis The center thickness is d9 and its material is expressed as the ratio of 

the refractive index to the Abbe number, ie Nd9: Vd9, the R9 is 43,9 mm, the RIO is -43.9 mm, the d9 is 

11 mm, the Nd9: Vd9 is t .46:68, And d9 and Nd9: Vd9 tolerance range of 5%.
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