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. ZOOMOPTIK.

@ Die Erfindung betrifft eine Optik fiir Laserstrahlung und stellt ein optisches System zur Abbildung von Laserstrahlung mit
einstellbarem AbbildungsmaRstab zur Verfigung, 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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Anspriiche

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

mafstab, 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.

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

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

mm betragen.

. Das optische System nach einem der Anspriiche 1 oder 2, wobei die Kriimmungsradien

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

zu -50 mm /17 mm betragen.

. Das optische System nach einem der Anspriiche 1 bis 3, wobei keine Fléche einer der

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

Einfallswinkel von > 25° hat.

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

Linse bei maximaler Brennweite des optischen Systems einen lokalen Einfallswinkel <

20° haben.

. Das optische System nach einem der Anspriiche 1 bis 5, wobei jede Linsengruppe zu-

mindest je eine asphérische Fliche aufweist.

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

asphérische Fliache aufweist.

. Das optische System nach einem der Anspriiche 6 oder 7, wobei in der zweiten Linsen-

gruppe eine Linse asphérisch und die andere Linse sphérisch ist.
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Das optische System nach einem der Anspriiche 1 bis 8, wobei die maximale Baulinge

von virtueller Faserspitze bis zur letzten Kollimationslinse 195 mm betragt.

Das optische System nach einem der Anspriiche 1 bis 9, wobei der Abstand von virtu-

eller Faserspitze bis zur Fliche der ersten Linse maximal 50 mm betrégt.

Das optische System nach einem der Anspriiche 1 bis 10, wobei die numerische Apertur

groBer 0,1 ist.

Das optische System nach einem der Anspriiche 1 bis 11 mit einer numerischen Apertur
von 0,125.

Das optische System nach einem der vorherigen Anspriiche, wobei zumindest eine der

Linsen der zweiten Gruppe aus synthetischem Quarzglas besteht.

Eine Verwendung eines optischen Systems nach einem der Anspriiche 1 bis 13 zur Ab-

bildung von Laserstrahlung mit einstellbarem AbbildungsmaBstab

Eine Verwendung eines optischen Systems nach einem der Anspriiche 1 bis 13 in Kom-
bination mit einem Halbleiter-Festkorperlaser, einem Scheiben-Laser oder einem Faser

Laser.

11
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ZUSAMMENFASSUNG

Die Erfindung betrifft eine Optik fiir Laserstrahlung und stellt ein optisches System zur Abbil-
dung von Laserstrahlung mit einstellbarem AbbildungsmaBstab zur Verfiigung, 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
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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2u Punkt v

e

e

2.1

2.3

.....

Es wird auf die folgenden Dokumente verwissen:
D1 CN 206 696 535 U (SHANGHAI EVENOPTICS TECH CO LTD)
1. Dezember 2017 (2017-12-01)

D2 DE 10 2011 117607 A1 (HIGHYAG LASERTECHNOLOGIE
GMBH [DE]) 2. Mai 2013 (2013-05-02)

03 DE 10 2016 005376 A1 (PRECITEC GMBH & CO KG [DE]} 8.
November 2017 {2017-11-08)

Die vorliegende Anmaldung erfllit nicht die Erfordernisse der
Patentierbarkeit, well der Gegenstand der Anspriiche 1, 2, 9, 10, 14, 15 nicht
neu ist.

D1 offenbart ein optisches System zur Abbildung von Laserstrahlung mit
sinstellbarem Abbildungsmafstab, umfassend vier Linsen, weiche in drei
Linsengruppen angeordnet sind, wobel die in Strahlrichiung der
Laserstrahlung angeordnete erste Linsengruppe eine erste Linse L1 mit
positiver Brennweite umfasst, die zweite Linsengruppe eine zweite und gine
dritte Linse (L2, L3) mit hegaliver Brennweite und die dritte Linsengruppe eine
vierte Linse (L8) mit positiver Brennwaeite umfasst und zweits Linse eing
plankonkave Form bis hin zu sinem Meniskus aufweist und die dritte Linse
bikonkav ist (Fig. 1).

Dahar ist der Gegenstand des vorliegenden Anspruchs 1 nicht neu
gegeniiber den Lehren der D1.

Das Verhalinis der Kriimmungsradien der Linse L2 der D1 liegt zwischen
20mm/10rmm und -100mm/17mm (Tabelle in par. [0036]).

Der Abstand von "virtusller Faserspitze® bis zur letzten Kollimationslinse in
der Anordnung der D1 betrdgt weniger als 50mm {Addition der Entfernungen
in der 3. Spailte der Tabslle in par. [0038]).

Forablat LLIZA7R (Baibian {Ustver 00T JHat )
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2.4

2.5

3.1

3.3

3.4

Der AbbitdungsmalRstab der Anordnung der Dt ist sinstelibar (8. 2. B. die
Zusammenfassung). AuBerdem ist der verwendete Laser ein Festkérper
Laser (Zusammenfassung: 1064nm- NchYAG Laser, 532nm-
frequenzverdoppelter Nd:YAG Laser).

Daher ist der Gegenstand der vorliegenden Anspriiche 2, 8, 10, 14, 15 nicht
neu gegentber den Lehren der D1,

Die vorliegende Anmeldung erfllif nicht die Erfordernisse der
Patentierbarkelt, weil der Gegenstand der Anspriiche 3-8, 11-13 nicht auf
einey erfinderischen Tétigkeit baruht.

Die dritte und vierte Linse (Bikonkaviinsen) der D1 weisen Kriimmungsradien
von 9mm beidseltig, baw. 124mmi40mm auf. Der Gegenstand des

dadurch, dass die Keimmungsradien der 3. Linse im Bersich -20mm/20mm
bis -BOmm/17mm liegen. Das Problem, welches hierdurch geldst wird, kann
als Optimierung der Abbildungseigenschaften angesehen werden.

£s wird jedoch als fachUbliche Routine-Autgabe fr einen Fachmann
angesehen, die Brennweiten, baw. Krlmmungsradien, der Linsen weiter zu
optimieren, um beslimmie Abbildungseigenschalten zu errgichen.

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

Ebenso erscheint es, dass die Auswahl von Einfallawinkels {Anspriiche 4, 5)
bzw. numerischer Aperturen {Anspriche 11, 12) nicht geeignet ist, einen
Gegenstand zu definieren, welcher auf einer erfinderizchen Tatigksit baruhen
wiirde, da dies als Resultat gines fachiblichen Optimisrungsprozesses
angesehen werden kanr,

Der Gegenstand der Anspriiche 8-8 unterscheidet sich von den Lehren der
D1 dadurch, dass asphérische Linsenfldchen verwende! werden. Es ist

zu verwenden (siehe z.B. D2, par. [0082}) und somit die Aﬁbﬁldungsquaﬁ&&t‘z‘u
verbessern. Der Fachmann wilrde daher agpharische Flachen verwenden.

Der Gegenstand des vodiegenden Anspruchs 13 unterscheidet sich von den
Lehren der D1 dadurch, dass mindestens gine der Linsen der zweiten Gruppe

‘‘‘‘‘

aus synthetischem Quarzglas besteht. Quarzgias ist jedoch als

Formbitas LURAT- Bolbish (asusr #0071 BN &)
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3.5

absorptionsarmas Material fiir Linsen aligemein bekannt und weit verbreitet
(siehe z.B. ebenfalls D2, par. {0080]). Der Fachmann wirde daher dieses
Material wahlen, um Transmissionsverluste zu minimieren,

Deshalb beruht der Gegenstand der vordiegenden Anspriiche 3-8, 11-13 nicht
auf siner edinderischen Tatigkeit im Sinne von Art. 56 EPUL,

Zu Punkt Vili

Bestimmte Bemerkungen zur Anmeldung

42

Die Anspruche 1, 2, 9, 10 sind nicht Kiar.

Die in Anspruch 2 beanspruchten intervalle flr Krimmungsradien der zweiten
Linse scheinen nicht Gber den gesamten Bereich mit einer plankonkaven
Linse kompatibe! zu sein, da sie sowohl konvex-konkave wie auch bikonkave
unklar.

inden Ansprichen 8 und 10 werden Baulngen des oplischen Systems mit
Hilfe einer virtuellen Faserspitze definiert, die jedoch nicht Teil des
beanspruchten Systems ist. Dadurch ist die definierte Lange nichi klar
definiert.

Die Erfindung wird nicht so deutlich und vollstandig offenbart, dass sin
lediglich isolierte Parameter sinzelner Linsenflichen offenbart, jedoch kein
Ausfuhrungsbeispiel mit alien Parametern des Linsensystems
{Krismmungsradien bzw. Brannweiten aller Linsen, Abstande). Dem
Fachmann ist nicht klar, wie die Effekte der Erfindung mit den offenbarten
isolierten Parametern srreichl werden kénnen.
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SUBJECT OF THE INVENTION
A kind of dual-wavelength laser continuous zoom beam expanding lens
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Technical field

Laser tlechnology field is the utitity modet is related to, more particularly, to 2 kind of dual-
wavelength laser continuous zoom beam expanding leas.

Rackground technology

Laser has fabulous monochromaticjty, coherence and directionglity, and has high

brightness. Therefore, laser has been Through the multiple fields for being widsly used in national
economy. The beam diameter that laser is sentis general all smaller, but swashs in many n-light
gpplication scenarios, the larger lassr beam of beam diameter is generally required, such as#in
lazer-processing system, in order to improve work Make efficiency, obtain larger laser llumination,
then need to obtain the incident laser beam of larger beam diameter before amasthenic lens# in
laser flumination system and holegraphic imaging systems, it is necessary to larger beam diameter
and compared with smaif divergence angle LASER Light Source as system light Source. Therefors,
the adjustable beam expanding lens of beam expanding lens, especially multiplying power can-

be all squipped with most laser application systems, it is sharp for extending The diameter of light
beam, improve the angle of divergence of faser beam.

Laser beam expanding fens are divided into two kinds of fixed multiplying power beam expanding
lens and Zooming expander.Laser application system is commoniy using difference Laser. and
every kind of laser output laser beam size have difference, Zooming expander can be 1o the
diameter of output beam It s adjusted, so as o adapt to more application environmenis.

Al present, most laser beam expanding lens design for certain specific wavelength, are simply
possible to use in spesific wavelength light beam and are expanded. Therefore, multiple

beam expanding lens for being respectively suitable for different wave length are just needed
respactively to edch wavelength light beam for mulli-wavelength optical system Expanded, cause
system architecture complicated.
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Patent CN 1012110024 describe a kind of 1084nm laser zoomings beam expanding lens; and

the beam expanding lens is only capable of inputting 1084nm Single wavelength laser, while

the available multiplying power thal expands of the beam expanding lens is 2-8 fimes#There is
following defictency#1} it is variable to expand fimes Rate scope is smaller, only 2-8 times#2) beam
expanding lens only adapts to thie faser of specific wavelength -1084nm wavelength, application
scenarios by Limitation.

The U of patent CN 203217180 describe a kind of fixed imes 1084nny532nm dual wavelengih
beam expanding lens, because it is fixed times Laser beam spot sizes can not be adiusted,
gpplication scenarios are restricted by design according fo the actual requirements.

Utilty modetl content

The purpose of this ulility model is exactly to provide a kind of dual wavelength the defects of
overcoming above-mentionsd prior art 1o exist and swash Light continuous zoom beam expanding
lens.

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

A kind of dual-wavelength laser continuous zoom beam expanding lens, the dual-wavelength laser
continuous zoon beam expanding lens can be o two kinds of wavelength Laser is expanded,

that is, allows 1o inpul 532nm laser and 1084nm laser, along laser light incident divection, dual-
wavelangth laser continuously becomes Power beam expansion lens include the first fens, 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 ieng are the negative lens of plano-concave, and
the 3rd lens are the negative leng of concave-cancave, the 4ih lens For the negative lens of
concave-concave, the 5th lens are the positive fens of plano-convex.

Further, the spacing of the second lens and the 3rd lens on optical axis is dg, dyScope be#
4. 5mm#ds# 2TmmEThe spacing of Srd lens and the 4th lens on-optical axis is dg, dgScope be#

100#dg# 1235mm. and dyWith dg's The margin of tolerance is 5%.

Further, described dgFor 25.2mm, described dgFor 114.6mm, the expansion of the dual-
wavelength laser Zooming expander Beam multiplying power is 2.

Further, described dgFor 20.1mm, described dgFor 124.5mm, the expansion of the dual
wavelength laser Zooming expander Beam multiplying power is 4.
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Further, described dgFor 15mm, described dgFor 127.4mm, the dual-wavelength laser Zooming
expander expands Multiplying power is 8.

Further, described dgFor 10mm, described dgFor 128.9mm, the dual-wavelength laser Zooming

expander expands Mulliplying power is 8.

Further, described dgFor 4.8mm, described dgFor 129.7mm, the expansion of the dual-wavelength
laser Zoaming expander Beam multiplving power is 10!

Further, the first described lens are respectively R including radius of curvaturg #RoTwo curved
surface S4#Ss, on its optical axis Center thickness be dy, its material stated with the ratio between
refractive index and Abbe number, Le. Nd#Vdy, RiFor 16.2mm, RoFor- 18.2mm dyFor 2.mm,
Ndy:VdiFor 1.464#68, and dyWith Ndy VdyThe margin of tolerance be 5%.

Further, the second described leng are respectively R including radius of curvalures#R4Two
curved surface Sg#y, onits -t:fp‘tic(a! axis Center thickness be 0*3, it material stated with the ratio
between refractive index and Abbe number, {.e. Nda#Vdy, deseribed RgFor 16 8mm, ByFor 0mm,
daFor Tmim, Nds:VdsFor 1.57 42 and daWith Ndg:VdgThe margin of tolerance be 5%.

Further, the 8rd described lens are respectively R including radius of curvatureg#Rg Two curved
surface Sg#Sg. on its optical axis {:’entér thickness be dg, its matevial stated with the ratio between
refractive index and Abbe number, i.e. Ndg#Vds, described RgFor -smm, RgFor 9mm, dgFor 2mm,
Nda:VeaFor 146468, and dsWith Nels:Vds The margin of tolerance be 5%. |

Further, the 4th described fens are respectively B including radius of curvaturey#Ra Two curved
surface S7Sg, on its optical axis Center thickness be dy, its material stated with the ratio between
refractive index and Abbe number, i.e. Ndy#Vdy, described RyFor -124mm, RgFor 40mm, dyFor
4.4, Noy:VdyFor 1.57#42, and dyWith Ndy: VdyThe margin of tolerance be 5%.

Further, the 5th described lens are respectively R including radius of curvaturegfRypTwo curved
surface Sg#S1p, its optical axis On center thickness be dg, its material slated with the ralio
betwesn refractive index and Abbe number, i.e. Ndg#Vdg, described RgFor 43.9mm RygFor

structure of the present utility model is simple, compact, {t ie conveniently adjusted. Expanding
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multiplying power and (2-10 times) can be adjusted in a big way dug 1o jaser beam, meanwhile,
againcan be compatible The laser beam of 1084nm and 532nm wavelength. Therelore, the
different gingengs that beam expanding lens of the present ulility model can export various lasers
The taser of number and different wave length is applied to same taser application system#
Simultaneously, it can also be used to have different requirements to laser parameter Various laser
applied optics systems.

Brief desciiption of the drawings

Fig. 1 is the oplical system structure schematic diagram of dugbwavelength laser Zooming
expander of the present ulility model.

Fig. 2 isthe figure of optical leng preferred embodiment in the preferred embodiment of dual-
wavelangth laser Zooming expander one of the present utility model,

Fig. 3 is the encircled energy figure inn the preferred embodiment of dual-wavelength laser Zooming
expander ane of the present ulifity model.

Fig. 4 is the optical transfer function figure in the preferred embodiment of duat-wavelength laser
Zooming expander one of the present utility model,

Embodiment

The utility model is described in detail with specific embodiment below in conjunction with the
agccompanying drawings.

Embodiment 1

In {aser processing procedure, usually require that laser is concentrated very much in the energy
of focus point, ensure thal laser processing procedure gathers The energy density of focus so that
faser process equipment can expeditiously work 1 s theoretical according fo diffraction BmitThe
angle of divergence of laser # and waist diamster dgFroduct be constant. |t is general all smaller
from the laser beam spot sizes of laser output, focused by one Away from aptical convergence
gystem focus on before, itis desirable fo expanded light beam diameter is fo reduce angle of
divergence #, while it is sraight to obtain larger incident beam Footpath. Assuming that a laser’
beam expanding system is gdded in laser and focal length is { gplical convergence systems,

as requested from appropriate Expand mulliple # so that laser beam expand arrives a diameter
of B=# dg, the now angle of divergence # of iasergmerStiil meet diffraction limit Theoretical
relationship#ip aieD=# dp=d ##, 50, #pner=#8=4 #4# D So. preferable convergent laser hot
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spot #= #ppte,F=4 # {/ # D.So by obtaining suitable D values from suitable multiplying power #,
preferable focal beam spol # can be oblained, To improve the energy density at job spotlight.

To adapt to various lasers wavelengih, beam diamelsr 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 mulliplying power. 8¢ use strang adaptability, #tis
gasier 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 ight During incident & diameter of 3mm-8mm of beam, the multiplying power
excursion of the beam expanding lens is 10-2.

Reference picture 1, the ulility model provide a kind of duat-wavelength laser Zopming expander,
gnd itis included along incident light transmission direction The the first lens L sely, the second
leng Lo, the 3rd fens Lg, the 4h lens LgWith the 5th lens Lg, wherein the first lens are double
Convex posilive lens, the second lens are the negative lens of plano-concave, and the 3rd iens are
the negative lens of concave-concave, and the 4th lens are negative for concave-concave Mirror,
the 5th lens are the positive lens of biconvex.

Firstlens L4lt is respectively R including radius of curvature #8,Two curved surface 5485, the
center thickness d on its optical axisy, s matedal is expressed as Ndy(refractive index}#Vd(Abbe
numberj#Second fens Loltis respaciively R including radius of curvaturea#iRg Two curved surdaces
index)#Vda(Abbe numberi#3rd lens Laincluding song Rale radius is respectively Rs#RgTwo
curved surface Sg#Sy, the center thickness d on its optical axiss. its material is expressed as
curvaturey#RgTwo curved surface S7#8g, the center thickness on its oplical axis dy, its malerial

is expressed as Ndy{refractive index#Vdr{Abbe numberi#sth fens Lgll is respeclively R including

radius of curvatureg#RqoTwe songs Face Sg#Sqp. the center thickness d on its optical axisg, its

material is expressed as Ndglrefractive index)#‘fdg{%ba number}.

The spacing of second lens and the 3rd lens on optical axis is dg, dyScope be#d Bmmada 827 mm#
3rd is saturating The spacing of mirror and the 4th lens on optical axis is dg, dgScope e# 00%dg#

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

The specific data parameters of the dual wavelength Zoaming expander of the present

embodiment are as shown in table 1, wheveing
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Heptar=3mm-8omm, #=2-10, #=1084n0/532nm, #pnieFor duat-wavelength laser zoom of the
present utility mode! The incident beam dlameler scope that beany expanding lens is allowed, for #

o expand multiple, % is the wavelsngth of inputs light beam.

The ultraviolet laser variable power beam expansion lens design parameter of table 1

daAnd dglt is adjustable. By adjusting daWith dg, can make beam expanding lens produce it is
different expand multiple, ifs corresponding relation Giting- {a as shown in table 28

Table 2d4With dgRelation correspending to expand mulliple caused by beam expanding lens

dd(mm)  aBmm) #
252 1146 2
20.1 1245 4
15 1274 B
10 1289 8
4.8 1267 10

In upper fable. the subsequent corrosion of ultraviolet laser variable power beam expansion lens,
curved surface interval and malerial parameter can be with £ 5% Solve technical problems o
be solved it above-described embodiment, reach same technique effect, i is described in detail
betowd

1) surface curvature Ry.yo#Rq.q0¥ 2 5%Ry.4¢

2) curved surface interval dy_g#dy.g# + 5%dyg

3} refractive index#Abbe number Ndy.g:Vdy.ofNdy gV .of £ 5%Nd .o Vd g

The figure of optical lens preferred embodiment of the duat-wavelength laser Zooming expander
of the present smbodiment s as shown in Fig. @ can be significanily from figure Go out, when
incident beam is in the case of 0 ° of <0.085 © of incident angle, the beam quality of its oulgoing

beam is all in diffraction limit. Encircled energy figure is as shown in figure 3, from the graph, itis
apparent that when incident beam is in the situation of 0 © of -0.055 ° of incident angle Under, the
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dise of confusion radius that the beam quality of its oulgoing beam can be formed is alt in 0.015
micron. Optical ransier 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 -0.055 © of incident angle, the light of is oulgeing beam
Leam transmission function and all reach diffraction Bmit

The above-mentioned description fo embodiment is understood that for ease of those skilled in
modifications to these embodiments, and Blustrating herein General Principle be applied in other
embodiment withaut by performing creative labour, Theretore, the utility model is not imited to
utility maodsd, do not depag from improvement that the ulility mode!l category made and Modification
all should be within the scope of protection of the utility model.

BUBJECT OF THE INVENTION
A Dual Wavelength Laser Continucus Variabile Beam Expander

[0001]

[0002]

0003]

{0005)
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Technical field

The utifity model relates to the field of laser technology, in particular to-a double-wavelength laser
zooming beam expander.

Background technique

Laser has excellent monochromatic, coherent and directional, and has very high brightness,
Therefore, the laser has been widely used in many fields of national ecmbmy., Ho-weve_\r, in

many {aser application scenarios, a laser beam with a large beam diameter is ofien required. For
example, in 4 lager processing system, in order to improve working efficiency and obtain larger
laser iluminance, it is necessary o obtain an incident faser beam with a larger beam diameter
before the focusing lens and a laser source with a larger beam diameter and a smaller divergence
angle in the laser llumination system and the holographic imaging system ag a system light
source. Therefore, most of the laser application system will be equipped with beam expander,
sspecially magnification adjustable beam expander, used to expand the diameter of the laser
beam to improve the divergence angle of the laser beam.

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 cutput laser
beam size is different, variable magnification beam expander beam diameter can be adjusted to
accommodate mare applications.

G212 2088 3 ITas



[0006]

{0007]

10008]

{0009]

[0010]

[0011]

[0012)

[0013]

[0014]

Paper 8

CN20669633RLT

At present, most of the laser beam expander mirrors are designed for a specific wavelength

and can only be used for beam expander at & specific wavelengin. Therefore, fora mulli-
wavelength optical system, a plurality of beam expander mirrors respectively adapted to different
wavelengths are respectively Used to expand the beams of sach wavelength separately, restilting
in a complicated system struciure.

Patent CNT01211002A deswribes a 1084nm laser zooming beam expander, which can only input
10684nm 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, anly 2-8
times; 2) The beam expander only adapts 10 a laser with a speciic wavelength of ~ 1064 nm, and

the application scene is limited.

Patent GN 203217180 U describes a doubled 1064nm /832nm dugh-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.

Utility mode! content

The purpose of the utility model is to provide a dualwavelength laser continuous variable
magnification beam expander in order io overcome the defects in the prior ant,

The object of the present invention can be achigved by the following technical solutions:

A dual-wavelength laser zooming beam expander; which can expand the laser beam of two.
wavelengths, allowing 532nm laser and 1064nm laser to be input along the direction of laser light,
two-wavelength faser The continuous zooming beam expandsr includes a first lens, a second lens,
a third lens, a fourth lens and a #ifth lens which are arranged continuously, wherein the first lens is
a biconvex positive lens and the second teng is a plano-concave Negative leng, the thirdlens s a
biconcave negative lens, the fourth lens is a biconcave negative lens, and the fifth fens iz a plano-
convex positive lens.

Further, the distance between the second lens and the third lens on'the optical axis is d4, the
range of dd is 4.5 mm#d4#27 mm, the distance hetween the third lens and the fourth fens on the
optical axis is d6, the range of db Is: 100#d6#135mm, and the tolerance of d4 and d6 is in the
range of 5%.

Further, the g4 is 25 2mm and the d§ is. 1 14.8mm. The double-beam laser beam expanderhas a
beam expander magnification of two,
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Further, the d4 is 20.1 mm, the d8 Is 124.5 mm, and the double-beam laser beam magnification
beam expander has a beam expanding ratio of 4,

Funher, the o4 Is 16 mm, the d8 is 127.4 mm, and the double-baam laser beam magnification
beam expander has a3 beam expander magnification of 8.

Funher, the d4 Is 10 mm, the d6 js 128.9 mm, and the beam expander ratio of the dual wavelength
lager beam expander lens is 8.

Further, the d4 is 4.8mm, the db is 129.7mm, and the double-beam laser beam expander has &

Further, the first lens comprises two curved surfaces 81 and S2 with radi of curvature B1 and R2,
respectively, and the central thickness on the optical axis is di. The material of the first fens is

expressed by the ratie of the refractive index and the Abbe numbsr, thatis, Nd1: Va1, Rl ig 162

mim, R2 s <168.2 mm. d1is 2.4 mm, Nd1: Va1 is 1.48: 68, and the tolerance of d1 and Nd1: Vd1 is
5%.

Further, the second lens comprises two curved surfaces 83 and 54 with radii of curvature R3 and
R4 respectively, and the camer thickness on the optical axis is d3. The material of the second lens
is expressed by the ratio of the refractive index and the Abbe number, that is, Nd3: Vd3, R3 s 185
mny, R4 s 0 mm, d3 is 1 mm, Nd3: VdS is 1.87: 42, and the tolerance of d3 and Nd3: Vd3 is §%.

Further, the third lens comprises two curved surfaces 85, S8 with radii of curvature R5 and R8,

respectively, and the center thickness on the optical axis is d5, The material of the third lens is
represented by the ratio of the refractive index to the Abbe number, that is, Nd5: Vd5, RS is -8 mm,

R6 is @ mm, d5 is 2 mm, Nd3: Vd3 is 1.46: 68, and the tolerance of dS and Nd5: Vd5 is 5%.

Further, the fourth lens comprises two curved surfaces 87 and S8 with radii of corvature of R7 and

R8, respectively, and the center thickness on the optical axis is d7. The material of the fourth lens

is expressed by the ratie of the refractive index 1o the Abbe number, that is, NA7: Vd7, R7 is ~124

mm, B8 1540 mm, d7 5 4.4 mm, Nod7: Vd? {s 1.57: 42, and the tolerance of d7 and Nd7: Vd7 is

8%

Further, the fifth lens comprises two curved surfaces $% and 810 with radif of curvature of R and

R10, respactively, and the center thickness on the oplical axis is d9. The material of the fiith lens
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43.9 mm, the R10 is-43.9 mm, the d@ is 11 mm, the Nd9; Vd9 is 1.48; 68, and the tolerance for d8
and Nd9: vds is 5%.

Compared with the prior art, the dual-wavelength continuous varable beam expanderlens of

the utility model hag the advantages of simple overall structure, compaciness and conveniant
adiustment. 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 10684 nm and 532 nm wavelength.
Therafore, the beam expander of the present invention can apply different parameters ang different
wavelengths of faser oulput from different fasers fo the same laser application system, and can
also be applied 1o various laser application optical systems that have different requirements on the
laser parameters.

BRIEF DESCRIPTION OF THE DRAWINGS FIG

FIG, 1 is a schematic structural diagram of an optical system of a double-wavelength {aser beam
expander of the present invention.

Figure 2 is a utility mode! of dual-wavelength laser beam expandsr magnification of a preferred
embadiment of the diffugion patier.

Figure 3 is a dual-wavelength laser beam expander according 1o a preferred embodiment of the
gnergy conceniration of the utility model.

Figure 4 is a lility mode! dualbwavelength laser beam expander magnification of a preferred
embadiment of the optical transfer funclion diagram.

detailed description

The utility model will be described in detall below with reference 1o the accompanying drawings
and specific embodiments.

Example 1

Laser processing, the laserusually requires the focus of the energy is very concentrated to ensure
that the laser processing focus point of thie 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 d0 of the light waist is constant. The laser beam ottput from

a laser is typically of relatively small diameter, requiring the beam diameter to be enlarged to
recuce 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 fength. Suppose a laser beam
eéxpander system is added 1o 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 s
expanded to a diameterof U = # - 0. Al this time, the divergence angle # of the laser beam St
satisfy the diffraction limit theoretical relationship: #4n - D= # - d0 = 4# / #, andthersfore, #in =
#/# = 48/ HD. Thug, the ideal converging lager spot # = # - £ = 481/ #0. Therefore, by choosing
proper magnification # to obtain the proper D value, the ideal focusing spot # can be oblained to
increase the energy density: at the working focal point,

In arder to meet the needs of different laser wavelength, beam diameter and divergence angle
shaping, the utility model provides a double-wavelength laser zoaming expander lens which can
continuously change the magnification of the beam expander. This adapiability to use and easier to
meet the requirements of beam shaping and different wavelengths, the most commonty used laser
beam diameter and magnification as the starting point for the design, when the laser beam incident
diameter of 3mm-8mm, the beam expander Magnification range is 10-2.

1, the present invention provides a double-wavelenath laser zeom beam expander, which includes
a first lens L1, 8 second fens L2, athird lens L3, a fourth lens L4 and a fifth lens Lens L5, wherain
the firsl lens is a biconvex positive lens, the second lens is a plano-concave negative lens, the
third lens is a biconcave negative tens, the fourth lens is a biconcave negative lens, the fifth lens is
biconvex Positive lens.

The first lens L1 includes two curved surfaces $1 and $2 with radii of curvature R1 and R2,
respectively, and a center thickness d1 on the optical axis thersof is expressed by Nd1 {refractive
index); Vd1 {Abbe numben); the second lens L2 Includes twa curved surfaces S3 and 54 with radi
of curvature R3 and R4, respectively, and a center thickness d3 on an optical axis thersof, which
is expressed by Nd3 {refractive index): Vd3 {Abbe number); the third lens L3 includes curvature
radiuses RS, B8 two curved surfaces 55, 886, the center of the oplical axis di, the material is
expressed as NdS {refractive Index): Vd8 (Abbe number}; the fourth fens L4 includes a radius of
curvalure R7, R8 Of the two curved surlaces 87, 88, the cenler thickness d7 on the optical axis
thereof is expressed by Nd7 {refractive index): VA7 {Abbe number}; the fifth tene LS includes tweo
curved surfaces 89 , 810, the center thickness d9 on the optical axis thereof, the material of which
is expressed as Nd@ {refractive index): Vd9 {Abbe’s number).

is 4.5 mmEda#27 mm, the distance between the third lens and the fourth lens on the optical axis is
de, and the range of 96 is 100 #IBXI35mm, and the tolerance of ¢4 and d6 is 5%.
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[0038] The specific data parameters of the dualwavelangth variable-power beam expander in this
embodiment are showsn in Table 1, wherein;

[0039] # = 3mm-8mm, # = 210, # = 1064nm / §32nm, # is the allowable incident baam diameter range
of the dual wavelenpth laser beam expander of the present invention, # 18 the beam expander

magnification, and # iz Enter the wavelength of the light beam.

[0640] Table 1 UV laser variable beam expander specific parameters
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¢4 and d6 are adjustable. By adjusting <4 and d8, beam expander can produce different beam
expander multiples, the correspondence betwean the examplas shown in Table 20

Table 2d4 and d6 corresponding to the expansion beam expander muitiplier
A4 {mm) dé (mm) # 25211462201 12454 1512746 10 128.884.8 1207 10

Iy the above table, the technical problems to be solved in the above embodiments can be solved
within the range of ¥ 5% of the sudace radius, the surface interval and the material parameters of
the UV laser variable magnifying beam expander o achieve the same technical effect, which is
specifically described as follows:

1¥Surface radius of curvature R1-108R110 #2 5% - R1-10
2)Surface clearance d1-9#d1-9 #4 5% - d1-9
3jRefractive index: Abbe number Net1-0: Vd1-0#Nd1-9: Vd1-8 # £ 8% + Nd1.8: Vd1-8

Digpersion paitern of the double-wavelength laser beam expander in this embodiment is shown

in FIG. 2. 1t can be clearty seen from the figure that when the 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, iLcan be clearly seen from the figure, when the incident beam at ¢ ¥ -0.055 ©
incident angle case, the beam quality of the outgoing beam can form the radius of the diffusion
speckie 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 #mit when the incident beam is incident af an angle of 0 * -0.085 °,

ar to understand and uge the invention, it will be apparent to those skilled in the ant that various
madifications may be made o these embodimenits and that the general principles described herein
may be applied to other embodiments withowut having to undergo inventive labor. Thevefore, the
pragent invention is not mited 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 within the protection scope of the present invention.
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1. 1.3 kind of dusl-wavelsngth laser continuous zoom beam expanding fens, itis characterised inthat
the dualwavelength laser conlinuous zoom beam expanding lens can be right The laser of two kinds:
of wavelength is expanded, that is, allows to input 532nm Jaser and 1064nm laser, along laser light
incident direction, dual wavsiength The first fens that iaser continuous zoom beam expanding lens
includes continuously setting, the second lens, the 3rd tens, the 4th lens and the §th 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 fens are the posilive lens of planc-convex.

2. a kind of dugl-wavelength laser continuous zoom beam expanding lens according to claim 1, itis
characterised inthat the second lens and Spacing of three lens on optical axig i dy, deScope beg

P

4.Smm#d #27mm#3rd lens and the 4th fens are on optical axis Spacing be dg, dgScope be# 100#dg#
138mm, and dgWith dgThe margin of tolerance be 5%.

3. Akind of 3. dual-wavelength laser continuous zoom beam expanding lens according to claim 2, itis
characterised in that ﬁ@séribed dgFor 25.2mm, describad dgFor 114.8mm, the muliplying power that
expands of the dual-wavelength laser Zooming expander is 2, or,

Described dyFor 20.1mm, deseribed dgFor 124 .8mm. the multiplying power that expands of the dual-
wave§er1gth laser Zooming expander is 4, oy,

Described dqFor 15mm,d‘eseribedd5¥:or 187 4mm, the multiplying power that expands of the dual-
wavslength laser Zooming expander is 8, or,

Described dqFor 10mm, described dgFor 128.9mm, the mulliplying power that expands of the dual-
wavelength laser Zooming expandest is 8, or,

Described dqFor 4.8mm, described dgFor 128.7mm, the dual-wavelength laser Zooming expander
expands multiplying power as 10,

4, 4. akind of dual-wavelength laser continuous zoom beam expanding fens according to claim 1,
it is characterised in that described first is saturating Mirror is raspectively Rincluding ragius of
curvature ¥R Two curved surface S4#5s, the center thickness on its optical axis is dy, its matedal is
with refractive index Stated with the ;ststio batween Abbe number, Le. Nd4#Vdy, RFor 16.2mm, RoFor
-16.2mm, dyFor 2.4mm. Ndy:VdyFor 1.46% 68, and d1 and Nd{:VdyThe margin of tolerance be 5%.

5. 5. akind of dual-wavelength faser 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
curvatures#R 4 Two curved surface Sq85,. the center thickness on its optical axis is da, its material
is with refractive index Stated with the ratic between Abbe number, i, NdghVdg, described RaFor
18.5mm, RyFor Omm, dgFor 1mm, Ndg:VdsFor 1.57: 42, and dsWith Nd3:VdaThe margin of {olsrance
be B%.
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6. a kind of dual-wayvelength tlager continuous zoom beam expanding fens according to claim 1, it

is chavacterised in that described the 3rd is saturating Mirrer is respeciively R including radius of
ourvatures#RgTwo curved surface Ss#5s. the center thickness on its optical axis is ds, its material is
with refractive index Stated with the rafio between Abbe number, i.e. Nds#Vds, described RsFor -9mm,
RgFor 8mm, dgFor 2mm, Ndg:VdsFor 1.48§88, And dgWith Ndg:Vds The margin of tolerance be 5%.
7. a kind of dual-wavelength laser continuous zoom beam expanding fens according to claim 1, it

is émrame‘riseﬁ in that described the 4th is s&turﬁting Mirror is respecfivety_ R including radius of

curvature #BgTwo curved surface S7#S8g, the centey thickness on s oplical axis is dy, its malenal
{5 with refractive index Stated with the ratio between Abbe number, L.e. Ndy#Vdy, described RyFor

tolerance be 5%.
8, a kind of dual-wavelength laser continuous zoom beam expanding lens according to claim 1, it

s characterised in that described the 5th is saturating Mircor is respectively B mcmd?ﬁg radius of

curvatureg#R g Two curved surface Sp#Syq, the center thickness on its optical axis is dg, s material is
10 reflect The rafio between rate and Abbe number are stated, 1.¢. Ndg#Vdg, described RgFor 43.9nwn,
RygFor -43.9mm, dgFor 11mm, NdgVdgFor 1. 46488, and doWith Ndg:Vdg The margin of tolerance be
5%..

1. & kind of dual-wavelength laser continuous zoom beam expanding fens, it is characterised in that
the dualwavelength lager conlinuous zoom bearm expanding lens can be right The laser of two kinds
of wavelength is expanded, that is, allows o input 532nm laser and 10684nm laser, along laser light
incident direction, dual wavsiength The firs! fens that laser continuous zoom beam expanding lens

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

plano-concave, and the 3rd lens are negalive for concave-concave Mirror, the 4th lens are the negative
fens of concave-concave, and the 5th lens are the positive lens of plans-convex.

2.4 kind of dugl-wavelength laser continuous zoom bieam expanding lens according to claim 1, itis
characterised in that the second lens and Spacing of three lens on optical axis is dy, dsScope beg

4. SmmEdH27mmEdrd lens and the 4th tens are on optical axis Spacing be dg, dgScope bef100#dg#
138mm, and d4With dgThe margin of tolerance be 5%.
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3. Akind of 3. dualwavelength laser continuous zoom beam expanding lens according 1o claim 2, it is
characterised in that described daFor 25.2mm, described dgFor 114.6mm, the multiplying power that
expands of the duab-wavelength laser Zooming expanderis 2, or,
Described dqFor 20 1mm, desgribed dgFor 124.5mm, the multiplying power that expands of the dual-
wavelength laser fooming expander is 4, of,
Describad dyFor 15mm, described dgFor 127 4mm, the multiplying power that expands of the dual-
wavelength laser Zooming expander is 6, or,
Described dyFor 10mm, described dgFor 128.8mm, the multiplying power thal expands of the dual-
wavelength laser Zooming expander is:8,'of;
Described d4For 4.8mm, described dgFor 128.7mm, the dual-wavelength faser Zooming sxpander
expands mulliplying power as 10.
4. 4. akind of dual-wavelength faser continuous zoom beam expanding lens according to olaim 1,
itis characterised in that described first is saturating Mirror is respectively R including radius of
curvature#RoTwo curved surface S1#S,. the center thickness on its oplical axis is dy. its matenial is
with refractive index Stated with the ratio between Abbe number, L.e. Ndy#Vdy, ByFor 168.2mm, RaFor
“18.2mm, dyFor 2.4mm, Ndy:Vd¢For 1.46% 88, and d1 and Nd+:Vd{The margin of tolerance be 5%.
5. 8. akind of dual-wavelength laser continuous zoam beam expanding lens according to claim 1, it
is characterissd in that described second is saturating Mirror is respectively R including radius of
curvaturea#RTwo curved surface S3#S8y, the center thickness on its optical axds is dy, its material
is with refractive index Stated with the ratio between Abbe number, i.8. Nda#Vds, described RgFor
16.8mimy; RyFor Omim, dgFor tmm, Ndg:VdaFor 1.57: 42, and dyWith Ndg:VdgThe margin of tolerance
be 5%.
6. 6. aKind of dual-wavelength laser continuous zoom beam expanding fens according to claim 1, it
is characterised in thal described the 3rd is saturating Mirror is respectively R including radius of
curvatures#RgTwo curved surface Sq#Sg. the center thickness on its og;stical axis is ds, its material is
with refractive index Stated with the ratio between Abbe number, Le. Ndg#Vds, described RsFor -8mm,
RgFor 8mm, dgFor 2mm, Nog:VdgFor 1.46#68. And dgWith Ndg Vdg The margin of {olerance be 5%,

. 7. akind 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
curvature7#Rg Two curvad surface S7#S8g, the center thickness on its optical axis is dz, its material
is with refractive index Stated with the ratio between Abbe number, Le. Ndy#Vdy, described RyFor
-124mm, BgFor 40mm, dyFor 4.4mm, Ndy:VdyFor 1.574#42, and d7With Nd7:VdThe margin of
tolerance be 5%.

8. 8. akind of dual-wavelength laser continuous zoom beam expanding lens according to claim 1, it
is characterised in that described the 5th is saturating Mirror is respectively R including radius of
curvatireghRygTwo curved surface Sg#S4q, the center thickness on its optical axis is dg, its material is

g

1o reflect The ratio between rate and Abbe number ars stated, i.e. Ndo#Vdg, described RgFor 43,.9mm,
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RigFor ~43.9mm, doFor 1imm, Ndg:VdgFor 148468, and dgWith Ndp:VdaThe margin of tolerance be

8%.

1. 1.A dual-wavelength confinuous variable-power beam expander with double-wavelength laser beam
expander can expand two types of laser beams, that is, ‘_532%{@3 {aser beam and 1064-nm laser beam
are altowed 1o be input aiang‘a laser beam Incident dirsction , The double-wavelength laser continuous
variable magnification beam expander lens comprises a first lens, a second lens, a third lens, a fourth
lens and a fifth lens arranged in series, wherein the first lens is a biconvex positive fens and the second
feng Concave concave ‘negati\se- lengtha third lens (s a biconcave nagaﬁvé fensg, the fourth lensis a
biconcave negative lens, and the fifth lens is a plang-convex positive lens.

2. 2.The double-wavelength faser continuous variable beam expander lens according to claim 1, wherein
the distance between the second lens and the third lens on the optical axisis d4, the rangeof dd is 4.5
awn # o4 # 27 mm ; The distance between the third fens and the fourth lens on {he optical axis is dé, the
range of d6 is: 100#d6#135mm, and the tolerance of d4 and dé is in the range of 5%.

3. 3.According to claim 2, wherein a double-wavelengih lassr zooming beam sxpander; characterized
in that the dd is 25.2mm, the d6 is 114 .8mm, the double-wavelength laser beam expander The beam
magnification is 2, or,

The a4 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 faser
beam expander is 6§, or,

The d4 is 10mm, the dB is 128 9mm, the beam expander magnification of the dual wavelength laser
beam expander is 8,

The d4 is 4.8mm, the dB is 120.7mm, the beam expander magnification of the dual-wavelength laser
beam axpander is 10,

4. 4.The double-wavelength laser continuous variable beam expander lens according to claim 1, wherein
the first lens comprises twa curved surfaces S1 and 82 with radii of curvature R and Ra, respectively,
on the optical axis The thickness of the center is d1, the material of which is expressed as the ratio of
the refractive index to the Abbe number, e Ndi: Vd1, Rl is 16.2 mm, R2 is~16.2 mm, ¢l is 2.4 mm,
Nd1: Vdt is 1.46: 68, To Nd1: Vd1 tolerances range of 5%.

5. B.The double-wavelength faser continuous varigble beam expander leng according to claim 1, wherein
the second lens comprises two curved surfaces 53 and S4 with radii of curvature of B3 and R4,
respactively, onthe optical axis The center thickness is d3 and the material is exprassed as the ratio
of the refractive index o the Abbe number, ie Nd3: Vd3, B3 is 16.5 mm. R4 is 0 mm, d3 is 1 mm, Nd3:
Va3 is 1.57; 42 and a3 To Nd3: Va3 tolerance range of 5%.

6. &.The double-wavelength laser continuous variable beam expandsr according to claim 1, wherain the
third lens comprises two curved surfaces S5, 56 with radil of curvature of RS and R, respectively, on
the oplical axis The center thickness is db and the material is expressed as the ratic of the refractive
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index to the Abbe number, ie Nad: Vds, R5is -9 mim, B6 59 mm, d5 s 2 mm, Nd&: Vd5 is 1.46; 88 and
dh The tolerance to Nd5: Vd5 is 5%.

7. 7.The double-wavelength laser continuous variable baam expander lens according to olaim 1, whersin
the fourth lens comprises two curved surfaces 7, 58 with radii of curvature of R7, RS, respectively,
ant the optical axis The center thickness is d7 and ifs material s 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 15742, and Tolerances for d7 and Nd7: Vd7 are 8%.

8. 8.The double-wavelength laser continuous variable beam expander lens according to claim 1, wherein
the fifth lens comprises two curved surdaces 59 and $10 with radil of curvature of RS and R19,
respectively, on the oplical axis The center thickness is d9 and its material is expressed as the ratio of
the refractive index o the Abbe number, ie Nd9: Vd9, the B8 is 43.9 mm, the R10 {5 -43.9 mmi, the d9 is
11 mm, the Nd9: Vdo is 1.46: 68, And d9 and Ndg: Vds tolerance range of 5%.
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