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(57) ABSTRACT

A method for producing rod lenses with an enveloping diam-
eter of the rod lens face of up to 200 mm and an edge length
of at least 800 mm. The method is characterized in that fab-
rication is performed from a cylindrical rod lens element
made from synthetic quartz glass material configured as a
fused silica ingot. This is performed using a flame hydrolysis
method with a direct one stage deposition process of SIO,
particles from a flame stream onto die that rotates and is
moveable in a linear manner with respect to the flame stream.
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METHOD AND DEVICE FOR PRODUCING
ROD LENSES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to DE 102011 122
184.4, filed Dec. 23, 2011 and DE 10 2012 000 418.8, filed
Jan. 12, 2012, the disclosures of which are incorporated in
their entirety by reference herein.

TECHNICAL FIELD

[0002] The invention relates to a method for producing rod
lenses with an enveloping diameter of the rod lens face of up
to 200 mm and an edge length of at least 800 mm, using a
flame hydrolysis method for producing a rod lens base ele-
ment that is useable for producing the rod lens and a device for
producing a rod lens base element.

BACKGROUND

[0003] Rodlenses are optical elements and devices that are
formed from an elongated element that is transparent and in
particular made from quartz glass. The element has the fol-
lowing typical geometric configuration: edge length (L)x
height (H)xthickness (D), wherein the light entry and exits
surfaces are defined by LxH and wherein the edge length (1)
is many times greater than the height (H). When the edge
dimensions (D) and (H) form the two legs of a right triangle,
this yields the hypotenuse which simultaneously forms the
diameter of the rod lens face. Depending on the application
the light entry- and exit surfaces are formed as planar, convex
or concave functional surfaces through classic optical pro-
cessing in L.-direction and also in H-direction. Rod lenses are
used in display techniques, LED light source arrangements
and optical imaging devices.

[0004] For producing a rod lens initially a rod lens base
element is produced e.g. as a square rod which subsequently
obtains the final shape of the rod lens through grinding and
polishing processes. The rod lens element made from syn-
thetic quartz glass or the rod lens produced therefrom has to
have a high degree of optical homogeneity over its entire
length. In particular they have to be free from bubbles, enclo-
sures, layers and cords. Furthermore the quartz glass should
have an OH content= 1,000 ppm and a H, contentz=0.8x10'8
mol/cm?>.

[0005] In order to achieve these high optical requirements
typically quartz glass from multi stage melting processes is
being used. This means a prefabricated quartz glass element
is finished through homogenization steps (DE 10 2005 043
289 B3) and/or additional loading of H, (DE 696 13 268 T3)
in a complex manner. The quartz glass cylinders thus created
have to be thermally formed in an additional process. This
means the glass material is put into a mold that is made for
example from graphite and subsequently brought to a soften-
ing—or flow temperature in a sinking kiln. The glass material
thus sinks into the mold. For flat molds a glass surface (sink-
ing block) is provided which is subsequently separated into
particular rod lens elements. Due to the extreme rod lens
geometry (L. many times greater than H) multiple sinkings are
required until the eventually desired shape of the rod lens
element is achieved.

[0006] The sinking method recited supra requires precise
control of a position of inhomogeneities within the glass
cylinders. It has to be assured that inhomogeneities provided
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in the quartz glass cylinder, in particular possible layers do
not change their orientations in the sinking processes so that
the predetermined propagation direction of the light remains
oriented perpendicular to these layers in the finished rod lens
and does not influence the light propagation direction (D) of
the rod lens over its entire edge length.

[0007] Through optical components that were newly intro-
duced in recent years, in particular organic LEDs, so called
OLEDs, rather long rod lenses are required that are relatively
narrow relative to their height. These rod lenses have an edge
length of approximately 800 mm and more. Furthermore the
rod lenses which are exposed to intense laser irradiation have
to have a florescence within the lens element that is as small
as possible. In conjunction therewith a high degree of trans-
missivity of the lens element is required in the ultraviolet
spectral range for various applications.

[0008] It is apparent that rod lenses with the required prop-
erties can only be produced through a sinking method in a
very complex manner and only within a long production time.
Thus, in particular precise control of uniform optical proper-
ties over the great length of the rod lens element causes
problems. Through the high temperatures during the sinking
process of 1700° C. or more quite frequently undesirable
changes occur in the material properties of the glass materi-
als. The contact with the graphite mold also induces uncon-
trolled property changes of the glass. Longer rod lens ele-
ments furthermore can only be produced in a multi stage
process and thus in a time consuming manner. Furthermore
complex finishing has to be performed upon the last sinking
block which partially has to be performed with considerable
material loses. Furthermore, the graphite molds have a finite
service life and their manufacture is expensive. Additionally,
the quality of the glass material and the successful execution
of the sinking method can eventually only be checked at the
finished rod lens.

SUMMARY

[0009] Thus, it is an object of the invention to provide a
method for producing rod lenses through which it is facili-
tated to produce rod lenses, in particular with greater edge
length of at least 800 mm in a cost effective manner and with
significantly reduced production time, wherein the rod lens
that are produced shall have advantageous optical properties
when loaded with intense laser radiation.

[0010] The objectisachieved through a method for produc-
ing rod lenses with an enveloping diameter of the rod lens face
of up to 200 mm and an edge length of at least 800 mm
according to the teachings of claim 1. The object is further-
more achieved through the features of method claim 4 and
through a device with the features of claim 5.

[0011] The method according to claim 1 is characterized
according to the invention in that a rod lens base element
made from a synthetic quartz glass material in the form of a
fused silica ingots is produced using a flame hydrolysis
method. Thereafter a direct single stage deposition process of
SIO, particles from a flame flow is provided to a rotating and
moveable die.

[0012] A method of this type is already known from pro-
ducing comparatively short and thick quartz glass cylinders
and similar semi finished products. They are preferably fin-
ished into optical wafers and lithographic components,
wherein in particular an immaculate and defined material
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structure is defined along the optical functional direction of
the semi finished product or the optical component is impor-
tant.

[0013] Surprisingly it has become apparent that rod lens
base element with the recited length and thickness can be
produced using the flame hydrolysis method, wherein it is
apparent in particular that the obtained rod lens elements are
free from inhomogeneities not only over their cross sections,
but additionally over their entire lengths. This was not to be
expected so far because the flame hydrolysis method does not
relate to producing semi finished products that are free from
inhomogeneities in longitudinal direction and is therefore not
used either for producing long rod lens elements. However, in
particular the rather long rod lens elements produced through
this method have proven to be excellent base materials for
further processing into finished rod lenses. This is important
in particular because the method facilitates producing rod
lens elements with excellent optical properties with compara-
tively large edge length with respect to the previously used
sinking method in a rather short time in a continuous process,
thus quasi on a conveyor belt in an exact manner.

[0014] In an advantageous embodiment of the method the
synthetic quartz glass deposited in the deposition process has
an OH-content of more than 1,000 ppm. Thus, it is a synthetic
quartz glass with a comparatively high content of OH groups
and hydrogen in which laser induced florescence is sup-
pressed.

[0015] Inanother embodiment the method is performed so
that the synthetic quartz glass deposited in the deposition
process has a maximum transmissivity for ultraviolet radia-
tion in the wave length range of approximately 193-400 nm.

[0016] Another aspect of the invention includes using a
flame hydrolysis method with a direct single stage deposition
process of SiO, particles from a flame stream onto a rotating
and moveable die for producing a rod lens element for pro-
ducing a rod lens.

[0017] Inadevice for producing a rod lens element with an
enveloping diameter of the rod lens face of up to 200 mm and
an edge length of at least 800 mm a muffle kiln with a multi
shell tubular or tunnel shaped mutfle is provided with a burner
inserted from a first side into the muffle with a supply for a
silicon containing reaction agent and a moveable die that is
arranged opposite to the burner. The device is characterized in
that the muffle has a muffle geometry with a distance between
the enveloping surface of a formed FS ingot and an inner wall
of the muftle in a range of 40-75 mm and a distance between
the muffle and the melting surface of the F'S ingot between 10
and 25 mm and the muffle has a vent air controlled kiln
temperature of 1,100 to 1,300° C.

[0018] In another embodiment the muffle includes a tem-

perature stabilizing lateral oven extension with a length of at
least 50 mm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The invention is subsequently described in more
detail based on an embodiment. FIGS. 1 and 2 are being used
for further illustration. Identical reference numerals are being
used in the figures for identical or equivalent components
wherein:

[0020]
[0021]

FIG. 1 illustrates a basic muffle configuration; and

FIG. 2 illustrates an oven extension.
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DETAILED DESCRIPTION

[0022] Theproposed flame hydrolysis method is performed
in a muffle oven. The muffle oven includes a configuration
that is known for ovens of this type. It is made from a tubular
or tunnel shaped muffle 1 in which the deposition process is
performed. Preferably the muffle has a multi shell wall con-
figuration from a porous heat insulating material 1a, in par-
ticular a fibrous and/or ceramic material, a concrete- or fire
brick wall 15 and an inner fairing 1¢ made from a material that
is sufficiently resistant with respect to high temperatures in
particular aluminum oxide or silicon carbide.

[0023] The muffle 1 has respective openings at its ends.
One of the two openings is used for inserting a die 4. The
opposite opening includes a burner 2 inserted therein which
can also be configured with plural flames. The burner 2 is
configured with a feed line 3 for a reactant that includes
silicon which is introduced in gaseous form into the burner
portion and oxidized into silicon oxide SiO,. The silicon
oxide particles thus formed are driven in the flame stream
towards the die 4 and deposit on the die. The die 4 is rotatably
supported, so that an even coverage of the die surface is
provided with the particle flow. This forms a growing layer of
synthetically generated quartz glass in the form of a fused
silica ingot (FS-ingot) 5 on the surface of the die 4.

[0024] The process is run so that the distance between the
flame portions of the burner 2 and the surface of the forming
quartz glass layer is substantially maintained constant. Thus,
the die 4 is pulled back with a continuous speed so that a
quartz glass cylinder or the FS-ingot 5 forms with an increas-
ing length on the die 4. It represents the forming rod lens base
element which can be removed, cooled tested and subse-
quently be directly used as a semi finished product for pro-
ducing one or plural rod lenses immediately after the depo-
sition process is completed.

[0025] The method provides high temperature uniformity
over the entire deposition process and for large portions of the
rod lens element. A melting length that is as long as possible
in the F'S ingot is important, wherein inhomogeneitites can be
effectively prevented in longitudinal direction of the FS-In-
got. Kiln temperatures in a range of 1,100-1,300° C. have
proven advantageous, wherein the temperature is controlled
through adjustment and monitoring of the exhaust air tem-
perature. Thus an exhaust air temperature of 230-270° C. has
proven useful.

[0026] Thedistance b between the muftle inner wall and the
melting surface of the deposited FS-ingot is preferably kept
constant through a light beam monitoring. Distances of 10-25
mm have proven useful.

[0027] Adjusting and preselecting a reproducible reaction
cavity volume between the forming FS ingot and the muffle
inside is advantageous. Herein respective different muffle
geometries are used which provide a distance a between the
enveloping surface of the FS-ingot and the muffle inner wall
in a range of 40-75 mm.

[0028] In this context an adapted and variably configured
extension 7 ofthe oven cavity is advantageous which laterally
connects to the actual muffle 1. An oven extension of this type
is illustrated in FIG. 2. The oven extension additionally con-
tributes to temperature consistency in the muffle cavity. The
extension includes for example a length L. of approximately
50-250 mm.

[0029] Ithasbecome apparent that the method recited supra
facilitates in particular producing rod length elements with a
large ratio between edge length and height/thickness. Typical



US 2013/0160496 Al

lengths of the rod length element are at least at 800 mm and
can be 1500 mm and more without problems. Thus, the edge
length L is many times greater than the height H or the
thickness D for comparatively normal rod lenses.

[0030] The synthetic quartz glass of the finished rod lens
element is completely homogenous over its entire length
without bubbles, layers, inclusions and cords. It includes a
high content of OH groups of at least 1,000 ppm, in particular
1,200 ppm and more. The content of molecular hydrogen H,
is above 0.8x10"® molecules per cm®, typically 1.2x10"® mol-
ecules per cm®. The value of the stress double refraction is
less than 5 nm/cm and is typically below 3 nm/cm. In axial
direction a high refractive index homogeneity with a devia-
tion of 4x107° and less is achieved. The glass material has a
maximum transmissivity for light in the ultra violet spectral
range, this means in a range of 193 to 400 nm over its entire
length. Simultaneously this suppresses undesirable fluores-
cences under the influence of irradiated laser light in the
finished rod lens.

[0031] Without any problem two or plural rod lenses can be
produces from a quartz glass cylinder (rod lens base element)
which are essential identical with respect to their material
properties irrespective from which section of the original
cylinder the eventually provided rod lens has been cut.
[0032] The invention was described based on exemplary
embodiments. Other embodiments will be apparent to a per-
son skilled in the art and can also be derived from the depen-
dent claims.

REFERENCE NUMERALS AND DESIGNATIONS

[0033] 1 muffle

[0034] 1a heat insulating material

[0035] 14 concrete or fire brick wall

[0036] 1c inner fairing

[0037] 2 burner

[0038] 3 feed line for reactive agent

[0039] 4 die

[0040] 5 FS-Ingot

[0041] 6 melting surface

[0042] 7 oven cavity extension

[0043] a distance enveloping surface FS-ingot to muffle
inner wall

[0044] b distance melting surface to muffle inner wall

[0045] L length of kiln cavity extension

[0046] As required, detailed embodiments of the present

invention are disclosed herein; however, it is to be understood
that the disclosed embodiments are merely exemplary of the
invention that may be embodied in various and alternative
forms. The figures are not necessarily to scale; some features
may be exaggerated or minimized to show details of particu-
lar components. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting,
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but merely as a representative basis for teaching one skilled in
the art to variously employ the present invention.

[0047] While exemplary embodiments are described
above, it is not intended that these embodiments describe all
possible forms of the invention. Rather, the words used in the
specification are words of description rather than limitation,
and it is understood that various changes may be made with-
out departing from the spirit and scope of the invention.
Additionally, the features of various implementing embodi-
ments may be combined to form further embodiments of the
invention.

What is claimed is:

1. A method for producing rod lenses with an enveloping
diameter of the rod lens face of up to 200 mm and an edge
length of essentially 800 mm through fabrication from a
cylindrical element made from synthetic quartz glass material
configured as a fused silica ingot based on a flame hydrolysis
method with direct one stage deposition process of SIO par-
ticles from a flame stream onto a rotating die that is moveable
in a linear manner with respect to the flame stream.

2. The method according to claim 1, wherein the synthetic
quartz glass material amount deposited in the deposition pro-
cess has an OH content of more than 1,000 ppm and/or a H,
content of more than 0.8x10"® molecules/cm?, typically 1.2x
10"® molecules/cm”.

3. The method according to claim 1, wherein the synthetic
quartz glass material amount deposited in the deposition pro-
cess has maximum transmissivity for ultra violet radiation in
the wave length range of 193-400 nm.

4. A method for producing a cylindrical element that is
configured for producing a rod lens, comprising depositing
using a direct single stage flame hydrolysis deposition pro-
cess SIO, particles from a flame stream onto a rotating and
moveable die.

5. A device for producing a rod lens base element with
cylindrical shape including a muffle oven with a multi shell
tube- or tunnel shaped muffle, a burner inserted on a first side
into the muffle with a feed line for a reaction agent including
silicon and a die that is moveable on a second side of the
muffle that is arranged opposite to the burner, wherein the
muffle includes a muffle geometry with a distance (a) between
the enveloping surface of the forming base element and the
inner wall of the muffle in a range 0f 40-75 mm and a distance
(b) between the muffle and the melting surface of the base
element of 10-25 mm and an exhaust air controlled kiln
temperature of 1,100-1,300° C. is provided in the muffle.

6. The device according to claim 5, wherein the muffle
includes a temperature stabilizing oven cavity extension with
a length of at least 50 mm.

7. The method according to claim 2, wherein the synthetic
quartz glass material amount deposited in the deposition pro-
cess has maximum transmissivity for ultra violet radiation in
the wave length range of 193-400 nm.
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