
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2016/061738 Al
28 April 2016 (28.04.2016) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
G03B 11/00 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

PCT/CN20 14/088968 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

20 October 2014 (20.10.2014) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant: SCHOTT GLASS TECHNOLOGIES (SU-
ZHOU) CO. LTD. [CN/CN]; Huoju Rd. 79, Science & (84) Designated States (unless otherwise indicated, for every

Technology Industrial Park, New District, Suzhou, Jiangsu kind of regional protection available): ARIPO (BW, GH,

215009 (CN). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

(72) Inventors: HOU, Denko; Building 32-1-408, New Yang- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
zhi Community, Suzhou, jiangsu 215000 (CN). CHEN, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Kevin; Inguo Building 4A, Jinahua Garden, Suzhou, j i LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
angsu 215000 (CN). BIERTUEMPFEL, Ralf; Castellum- SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
strasse 140, 55252 Mainz-Kastel (DE). GW, KM, ML, MR, NE, SN, TD, TG).

(74) Agent: SONDERHOFF & EINSEL (BEIJING) PAT¬ Published:
ENT AGENCY OFFICE; Room 326 China World Office

— with international search report (Art. 21(3))
No.l, Jianguomenwai Avenue 1, Chaoyang District,
Beijing 100004 (CN).

(54) Title: OPTICAL ARRANGEMENT FOR A CAMERA MODULE, CAMERA MODULE WITH OPTICAL ARRANGEMENT
AND METHOD OF MANUFACTURING THE OPTICAL ARRANGEMENT

00

©
v
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an incident optical beam path (20) going through the optical components onto the image sensor (16), in a sequence a) to c).



Optical arrangement for a camera module,

camera module with optical arrangement and

method of manufacturing the optical arrangement

Field of the invention

The present invention relates to an optical arrangement for a camera module, a

camera module with the optical arrangement and a method of manufacturing

the optical arrangement.

Background of the invention

In contrast to a human eye, a camera sensor such as a CMOS (Complementary

Metal-Oxide-Semiconductor) or CCD (Charge-coupled Device) image sensor is

typically also sensitive to infrared (IR) light. Thus, infrared light components may

cause defects in the recorded image due to aberrations in color and brightness.

To eliminate or reduce errors caused by IR light in the displayed image, an IR-

cut-off filter is often disposed between the imaging lens and the image sensor,

so that IR light is blocked while visible light is transmitted to the image sensor.

However, the use of an IR- cut-off filter requires additional space between the

sensor and the objective lens and therefore a larger back focal length (BFL).

This may increase the thickness of the camera module. Above that, the spatial

proximity of the filter to the image sensor requires a good surface finish of the

filter, as light ray distortions would be mapped to the nearby image plane and

thus may be visible in the recorded images. If using infrared absorbing glasses

as infrared filter, another problem arises due to the typically low mechanical

stability. Drop tests have shown that a thin infrared absorbing glass filter in the

camera module can easily be broken.

US 2014/0043677 A 1 discloses an infrared-cut (IR-cut) filter including a

substrate and an IR-cut film coated on the substrate. The IR-cut consists of

thirty-two high-refractive layers and thirty-two low-refractive layers alternately

stacked on the substrate. The first high-refractive layer is in contact with the



substrate and the first low-refractive layer is coated on the first high-refractive

layer.

US 201 3/0286470 A 1 discloses an IR-cut filter and a lens module including the

IR-cut filter. The IR-cut filter includes a substrate made of sapphire and a film

formed on the substrate. The film is configured to increase the IR reflectivity of

the substrate and is coated on the substrate, the film including a number of high

refractive index layers and a number of low refractive index layers alternately

stacked on the substrate.

US 201 2/0261 550 A 1 discloses an optical lens assembly with a filter member

for image taking, sequentially arranged from an object side to an image side

along an optical axis. The filter member can filter infrared light and comprises a

glass that can absorb infrared light.

Summary of the invention

It is an object of the invention to provide an optical arrangement for a camera

module, the optical arrangement filtering infrared light, having a reduced space

requirement and having an improved mechanical strength and improved optical

performance.

This object is solved by the devices and the method as defined in the

independent claims. Specific embodiments are defined in the dependent claims.

In accordance with one aspect, the invention relates to an optical arrangement

for a camera module, wherein the camera module includes an image sensor.

The optical arrangement comprises a plurality of optical components. The

optical components comprise: a) a transparent cover element, b) an infrared

absorbing cut-off filter or absorption IR-cut filter, and c) an objective lens. As

compared with an infrared reflecting interference filter, the absorption IR-cut

filter has the advantage that its optical properties are nearly not dependent of

the viewing angle or of the angle of incident light. In particular, an infrared



absorbing cut-off filter according to the invention has a high absorption in the

near infrared range with wavelengths above 800 nm (preferably a transmission

of less than 0.1 in the range between 800 and 1100 nm) and has a high

transmission in the visible range (preferably an average transmission of at least

0.2, more preferably at least 0.5 in the visible wavelength range from 380 nm to

780 nm).

The objective lens may be a single optical lens or a lens assembly comprising

several optical lenses. The optical components a), b), c) are arranged, along an

incident optical beam path going through the optical components onto the

image sensor, in a sequence a) to c).

In accordance with another aspect, the invention relates to a camera module

comprising the optical arrangement.

In accordance with another aspect, the invention relates to a method of

manufacturing the optical arrangement. The method comprises:

i) providing a transparent cover element, preferably made of a

chemically strengthened glass or sapphire;

ii) producing a protective IR filter by adding an infrared absorbing cut-off

filter, preferably an infrared absorbing filter glass element (e.g. a filter

glass sheet or substrate) or an infrared absorbing layer (e.g. an

organic ink or film), to the cover element, the infrared absorbing cut-off

filter thus covering a rear face of the cover element;

iii) providing an objective lens; and

iv) arranging, along an incident optical beam path going onto the image

sensor, the objective lens at a position between the protective IR filter

and the image sensor, a front face of the cover element being

exposed to the incident optical beam.

The cut-off filter can comprise a substrate wherein a filter layer is arranged on at

least one side of the substrate, the filter layer comprising a matrix containing at



least one organic dye or pigment dissolved in the matrix. The organic dye can

be soluble in a conventional solvent.

The preferred dye is long-term thermally stable until at least 140° C and can

withstand a short-term thermal stress of 150° C to 300° C , preferably 200° to

270° C. Under "long-term" can be understood a period of more than 60 min,

preferably at least 100 hours. Under "short-term" can be understood a period of

not more than 60 min, preferably not more than 30 min.

The organic dye is preferably selected from a group consisting of azoic dyes,

polymethin dyes, cyanine dyes, tripheny - methane dyes, carbonyl dyes:

Anthrachinone, indigo, porphyrine and phthalocyanine, wherein phthalocyanine

and porphyrine is preferable.

The selected dye depends on the relevant wavelength range. For a blue filter or

an IR cut filter, a blue-green dye can be used.

At least one dye is dissolved in the matrix. The matrix preferably consists of a

binder, which is a substance that holds other materials together to form a

cohesive whole mechanically, chemically, or as an adhesive. As a binder can

be used compounds having the required film-formation properties, such as

plastics or polymers with a sufficient polymer weight. Alternatively, the matrix

can be formed in situ by crosslinking and / or polymerisation reactions, after

coating the substrate.

The binder can be a polyurethane resin, sol-gel compound, hybrid polymer,

silicone (curing resp. cross-linking organically and / or inorganically), phenolic

resin, epoxy, polyamide, polyimide, EVA (ethylene vinyl acetate) resin,

polyester resin, or a mixture thereof.

Herein, the front face of the cover element is opposed to the rear face. In other

words, the protective IR filter comprises the cover element and the infrared



absorbing cut-off filter, the protective IR filter being arranged so that the infrared

absorbing cut-off filter faces the objective lens. It is thus arranged between the

cover element and the objective lens.

When taking an image of an object with the camera module, the optical

arrangement is traversed by the incident optical beam path. In this, the beam

path is the sum of all ray paths that go through the optical components, onto the

image sensor, thus being the sum of all ray paths that contribute to the object

image to be generated. The optical components are aligned with the image

sensor in a manner that light directed to the image sensor of the camera has to

pass through the optical components of the optical arrangement.

Above mentioned sequence a) to c) means that the beam path going through a

camera aperture first passes through the transparent cover element, then

passes through the infrared absorbing cut-off filter, and then passes through the

objective lens, by which the beam path is directed onto the image sensor.

The sequence a) to c) enables an effective reduction of the total length of the

optical arrangement, thus allowing a small and compact design of the camera

module, especially a miniaturized camera module, which can be part of a

smartphone. Having in mind that each smartphone is designed to comprise a

camera module, wherein smartphones generally have extreme exigencies with

regard to reducing the space requirements of the used components, the present

optical arrangement is extremely well suited for use in a smartphone or

generally in a miniaturized camera module.

In one embodiment, the cover element can be formed as a sheet made of a

material with a hardness of at least 7 on Woodell's scale. Preferably, the

material is one of: sapphire, spinel, aluminium oxynitride, moissanite,

corundum, quartz. To improve mechanical durability, as well, chemically

strengthened glass may be used for the cover element.



In a preferred embodiment, the infrared absorbing cut-off filter and the cover

element can be combined to a protective IR filter composed of a filter film which

is arranged on a rear face of the cover element. In this document, front face and

rear face of an optical element are defined with respect to the incident optical

beam path, which traverses the optical element by entering the front face and

exiting the rear face of the optical element. The protective IR filter is a two

layered material that can be formed i) as a laminate material, or ii) as a coated

material, wherein the infrared absorbing filter film is coated on the cover

element. It is preferred to cement the cover element to the infrared absorbing

cut-off filter, e.g. by using a suitable epoxy resin as optical cement.

However, the infrared absorbing cut-off filter and the cover element can as well

be separately arranged, spaced from each other or not laminated together.

If the cover element is made of a material with a high hardness, preferably at

least 7 on Woodell's scale, and/or of a chemically strengthened glass, the

protective IR filter and the whole optical arrangement have a high mechanical

strength. Especially the fact that the front face of the cover element, which has

a high hardness, is placed at the outer surface of the optical arrangement or

camera module towards the outer space gives the optical arrangement an

improved mechanical strength and high resistance against external impacts.

This marks the difference over known arrangements, wherein an infrared cut-off

filter is placed on the outer surface of a cover element; such arrangements are

much more vulnerable against external impacts.

The infrared absorbing cut-off filter can be designed as an infrared absorbing

filter glass element, preferably as a pane, film or sheet.

Herein, the infrared absorbing cut-off filter, preferably a filter glass element can

have a thickness of less than 0.3 mm, preferably less than 0.25 mm or 0.21

mm. With the invention, thinner glasses (with a higher content of IR-absorbing



ions, particularly Cu-ions) may be used, since the glass is mechanically

stabilized by the laminated cover element.

According to a further embodiment, the infrared absorbing cut-off filter may also

be an inorganic or organic coating, comprising a matrix and a coloring

component in the matrix. The coloring component may be dissolved in the

matrix or it may be composed of small particles (pigments).

Pigments preferably have a particle size of less than 1 µι to avoid scattering.

Pigments having a primary particle diameter of from 2 to 5000 nm, preferably 8

to 1000 nm, most preferably 10 to 500 nm are preferred.

Preferred organic coloring components are organic dyes such as azo dyes,

polymethine dyes, cyanine dyes, triphenylmethane dyes, carbonyl dyes such as

antrachinones, indigo, phorphyrins and phthalocyanines, whereas phorphyrins

and phthalocyanines are preferred.

The coloring components are embedded or dissolved in an inorganic or organic

matrix. As an inorganic matrix a sol-gel matrix is preferred. An organic matrix

can be selected from the group consisting of polyurethane resins, hybrid

polymers, silicones (with organic and/or inorganic crosslinking), phenol resins,

epoxides, polyamides, polyimides, EVA (ethylene vinyl acetate), polyester

resins and mixtures and copolymers thereof. A matrix selected from a sol-gel

matrix and a polyurethane matrix is preferred.

The coating preferably has a thickness of less than 100 µι , preferably less than

20 µι and according to a specific embodiment less than 15 µι . The coating

preferably is at least 0.1 µι , more preferably at least 0.5 µι and most

preferably at least 1 µι thick. According to other embodiments the coating may

be at least 2 µι thick.



The organic or inorganic coating may be applied by coating techniques such as

spin coating, spray coating, dip coating, casting, screen printing, doctoring, ink

jet printing, pad printing, roll coating, spread coating or the like. Spin-coating is

particularly preferred.

With an infrared absorbing cut-off filter made of infrared absorbing filter glass,

reflections of infrared light rays within the camera module are effectively

reduced. This way, the cut-off filter made of infrared absorbing filter glass

lowers or eliminates the flare phenomenon effectively.

The infrared absorbing filter glass element can be made from a glass containing

copper ions. The copper ions absorb infrared light. Advantageously, copper

containing glass which has a significant absorption at least in the near infrared

range adjacent to the visible spectral range, has a low dispersion. A copper ion

containing glass typically has a blue appearance. These glasses are therefore

also referred to as blue glasses.

However, suitable infrared absorbing filter glasses such as blue glass may

contain streaks, in the art also known as schlieren. To reduce the schlieren

effect, the use of phosphate glasses, especially fluorophosphate glasses, is

advantageous. Fluorophosphate glasses may be preferred because it has been

found that fluorophosphate glasses has a higher corrosion resistance than

phosphate glasses. This is relevant in case the filter glass is not well enough

protected from environmental influences by the other optical components.

However, phosphate glasses or generally glasses which are sensitive to

moisture may be employed as well, particularly if the camera module or at least

the the protective IR filter is sealed. In this regard, the cover element also

encapsulates the filter glass element and thus protects the filter glass from

moisture.

Phosphate glasses, herein, refer to optical glasses in which P2O5 functions as a

glass former and is present in the glass as a major component. When replacing



a portion of the phosphate in a phosphate glass by fluorine, fluorophosphate

glasses are obtained. For the synthesis of fluorophosphate glasses, instead of

oxide compounds such as NaO2, the corresponding fluorides such as NaF are

added to the glass batch.

A phosphate glass or a fluorophosphate glass can be very suitable for the IR-

cut filter, in view of a low schlieren optical component. CuO-doped

fluorophosphate glasses with different CuO concentrations and hence different

absorption properties include, for example, the glasses BG60, BG61 , or as

phosphate glasses, BG39, BG1 8, BG55 of SCHOTT AG.

However, especially in glasses containing copper ions, schlieren may be formed

in the manufacturing process of the glass. Schlieren represent local variations in

chemical composition and thus also cause a local change of the refractive index

of the glass. Associated therewith are distortions of the wavefronts and

corresponding deflections of light rays.

In one embodiment, the protective IR filter comprises an IR reflecting coating

which is arranged, or preferably formed as a coating, on one face of the cover

element, or optionally on one face of the infrared cut-off filter. The IR reflecting

coating may comprise, for example, a multi-layer structure.

A combined use of IR reflecting and IR absorption filter has the advantageous

effect of enabling the use of a thin infrared absborbing filter element such as a

thin pane or layer of an infrared absorbing filter glass (e.g. a blue glass), thus

effectively decreasing the schlieren effect and the dependence of impurities or

surface roughness in blue glass. Above that, the combined use improves the

filter characteristics as compared with using only one filter: steeper curve (i.e. a

steeper cut-off edge in the transmission spectrum of the filter), higher filter

attenuation - in short, increase the strength of the IR-cut filter.



In one embodiment, the protective IR filter can comprise at least one

antireflection layer which is arranged, or preferably formed as a coating, on one

face of the cover element, or optionally on one face of the infrared cut-off filter.

Brief description of the drawings

The invention will now be described in more detail by way of exemplary

embodiments and with reference to the accompanying drawings. In the

drawings, the same reference numerals designate the same or corresponding

elements. In the drawings,

Fig. 1 illustrates a prior art example,

Fig. 2 illustrates an optical arrangement for a camera module with an

image sensor according to the invention,

Fig. 3a-3d illustrates protective IR filter embodiments with different

arrangements of IR reflecting, antireflection and hybrid layers,

and

Fig. 4 illustrates a camera module comprising the optical

arrangement.

Detailed description

Fig. 1 shows a prior art example of a filter arrangement. Herein, the following

optical components are arranged, along an incident optical beam path 20 going

through the optical components onto an image sensor 16:

First a transparent cover element 12.1 , then a lens 14, and then an infrared

absorbing cut-off filter 12.2.

In this example, a range 15 in which the lens 14 is allowed to displace for

autofocus is limited by the cut-off filter 12.2. Above that, the cut-off filter 12.2 is

not allowed to be thin, otherwise a desired level of IR absorption and

mechanical filter strength cannot be ensured.



Fig. 2 shows an optical arrangement 10 according to the invention. The optical

arrangement 10 is adapted for a camera module 22 (see Fig. 2) with an image

sensor 16 .

The optical arrangement 10 comprises a plurality of optical components. The

optical components comprise: a) a transparent cover element 12.1 , b) an

infrared absorbing cut-off filter 12.2, and c) an objective lens 14 fixed in a holder

18 . The optical components a), b), c) are arranged, along an incident optical

beam path 20 going through the optical components 12.1 , 12.2, 14 onto the

image sensor 16, in a sequence a) to c).

When taking a picture of an object outside the camera module 22 with the

camera module 22, the optical arrangement 10 is traversed by the incident

optical beam path 20. The optical components 12.1 , 12.2, 14 are aligned with

the image sensor 16 in a manner that light directed to the image sensor 16 of

the camera has to pass through the optical components 12.1 , 12.2, 14 of the

optical arrangement 10 .

The infrared absorbing cut-off filter 12.2 and the cover element 12.1 are

combined to a protective IR filter 12 composed of a filter film on a rear face of

the cover element 12.1 , the protective IR filter 12 being a two layered material

formed as a laminate material. Preferably, the infrared absorbing cut-off filter

12.2 and the cover element 12.1 are cemented together. This way, the infrared

absorbing cut-off filter 12.2 is effectively stabilized and a low step in refractive

index is achieved at the interfaces of the elements facing each other.

As compared with the range 15 in which the lens 14 in a prior arrangement (Fig.

1) is allowed to displace for autofocus, the space 15 available for auto focus

lens movement is substantially larger.

Fig. 3a-3d shows protective IR filter embodiments with different arrangements

of IR reflecting, antireflection and hybrid layers. The embodiments comply each



with one of the following structuring principles, wherein the protective IR filter 12

comprises:

i) an IR reflecting layer 12.3 which is arranged, or preferably formed as a

coating, on one face of the cover element 12.1 , or optionally on one

face of the infrared absorbing cut-off filter 12.2, or

ii) an antireflection layer 12.4 which is arranged, or preferably formed as a

coating, on one face of the cover element 12.1 , or optionally on one

face of the infrared absorbing cut-off filter 12.2, or

iii) a hybrid IR reflecting and antireflection layer 12.5 which is arranged, or

preferably formed as a coating, on one face of the cover element 12.1 ,

or optionally on one face of the infrared absorbing cut-off filter 12.2.

In Fig. 3a, the protective IR filter 12 comprises:

- an IR reflecting layer 12.3, which is arranged on the rear face of the

cover element 12.1 by laminating the IR reflecting layer 12.3 with the

cover element 12.1 ;

- an antireflection layer 12.4 which is arranged on the front face of the

cover element 12.1 by laminating the antireflection layer 12.4 with the

cover element 12.1 , and

- an antireflection layer 12.4 which is arranged on the rear face of the

infrared absorbing cut-off filter 12.2 by laminating the antireflection layer

12.4 with the antireflection layer 12.4.

In Fig. 3b, the protective IR filter 12 comprises:

- an antireflection layer 12.4 which is coated on the front face of the cover

element 12.1 , and

- an antireflection layer 12.4 which is coated on the rear face of the

infrared absorbing cut-off filter 12.2.

In Fig. 3c, the protective IR filter 12 comprises:

- an IR reflecting layer 12.3, which is coated on the front face of the cover

element 12.1 ;



- an antireflection layer 12.4 which is arranged on the front face of the

cover element 12.1 by coating the cover element i) with the IR reflecting

layer 12.3, and ii) then coating the same with the antireflection layer 12.4,

and

- an antireflection layer 12.4 which is deposited on the rear face of the

infrared absorbing cut-off filter 12.2.

In Fig. 3d, the protective IR filter 12 comprises:

- a hybrid IR reflecting and antireflection layer 12.5 which is coated on the

front face of the cover element 12.1 , and

- a hybrid IR reflecting and antireflection layer 12.5 which is coated on the

rear face of the infrared absorbing cut-off filter 12.2.

As also shown in the exemplary embodiments of Figs. 3a to 3d, both the cover

element 12.1 and the infrared absorbing filter element 12.2 are preferably

panes, or disks, respectively, having coplanar faces. Thus, the protective filter

element 12 as a whole does not alter or influence the focal length of the optical

assembly.

Fig. 4 shows a smart phone or tablet PC with a camera module 22, comprising

the optical arrangement 10 . An incident optical beam path 20 enters the optical

arrangement 10 at the front face of the transparent cover element 12.1 (see

also Fig. 1) and, after passing through the optical arrangement 10, it is directed

to the image sensor 16 of the smartphone 22.

Manufacturing the optical arrangement 10 comprises:

- laminating an infrared absorbing cut-off filter 12.2 made of blue glass with

a transparent cover element 12.1 made of sapphire to obtain a protective

IR filter 12 with a mechanical strength which is improved as compared

with the strength of a simple blue glass filter;

- performing antireflection (AR) and IR-cut coating, separately on both

surfaces of the protective IR filter 12, thus i) improving IR-cutoff



characteristics by making the IR-cutoff edge in the transmission

spectrum steeper, and ii) saving costs for coating on the camera cover

glass and for the holder gluing process;

- arranging the protective IR filter 12 in front of the lens assembly 14, thus

increasing the space available for auto focus lens movement and/or

decreasing the camera module 22 thickness.

Locating the protective IR filter 12 in front of the lens assembly 14 also

improves the optical performance. As the distance of the filter to the image

plane of the sensor is increased, defects on the filter surface are not mapped to

the image plane and thus are not visible in the recorded image.

As compared with the arrangement of Fig. 2, in a prior arrangement such as

that of Fig. 1, the IR-cut filter is positioned between the optical sensor and the

lens assembly. Such a structure requires additional space for the IR-cut filter in

the imaging system, thereby increasing the minimal back focal length. This in

turn increases the thickness of the camera module 22. As well, defect on the

surface of the IR-cut filter may be visible in the image, due to the spatial

proximity of the IR-cut filter to the image sensor. Further, in such an assembly,

the IR-cut filter can easily be broken during drop tests.

As an additional effect of the invention, the camera module may have a shorter

minimum back focal length compared to state of the art camera modules used

in smart phones or tablet PCs. This may be used to increase the zoom range of

an objective lens being set up as a zoom objective lens. Further, the distance of

the objective lens to the sensor may be smaller than in existing camera

modules that employ infrared absorbing cut-off filters as a shorter back focal

length may be chosen. Thus, according to one embodiment of the invention, the

back focal length of the objective lens may be 3.6 mm or less. In other words,

the back focal length of objective lens (minimum autofocus back focal length)

can be designed shorter, for example to a range of 0.3 to 0.5mm, which is less

than a conventional range of 0.6 to 0.9mm back focal length configured with a



conventional arrangement, wherein the IR-cut filter is between objective lens

and imaging sensor. In case of an objective lens having a variable back focal

length, this value of 3.6 mm at the most refers to the minimum back focal

length.

As compared with prior arrangements, the optical arrangement 10 of the

invention has a multitude of benefits:

1. Lower costs for coating since the optical assembly according to the

invention has fewer surfaces as an assembly with the infrared filter

positioned at a distance to the image sensor and between sensor and

objective lens;

2 . Increased mechanical stability of the protective IR absorbing filter 12, as

the filter element is supported by the cover element;

3 . Decreased thickness of the camera module 22, based on the increased

room for manoeuvre for the back focal length in the objective lens design;

4 . Improved optical performance, since defects on the filter surface are not

imaged to the sensor.



Reference signs

10 optical arrangement

12 protective IR filter

12.1 cover element

12.2 infrared cut-off filter

12.3 IR reflecting layer

12.4 antireflection layer

12.5 hybrid antireflection and IR reflecting layer

14 objective lens

15 lens displacement range for autofocus

16 image sensor

18 lens assembly holder

20 incident optical beam path

22 camera module, smartphone



Claims

1. An optical arrangement ( 10) for a camera module (22) with an image

sensor ( 1 6), the optical arrangement ( 1 0) comprising a plurality of optical

components, the optical components comprising:

a) a transparent cover element ( 1 2.1 ) ;

b) an infrared absorbing cut-off filter ( 1 2.2); and

c) an optical lens ( 14),

wherein the optical components a), b), c) are arranged, along an incident

optical beam path (20) going through the optical components onto the image

sensor ( 1 6), in a sequence a) to c).

2 . The optical arrangement ( 1 0) according to claim 1, wherein

the cover element ( 12.1 ) is formed as a sheet made of a material selected

from sapphire, chemically strengthened glass, spinel, aluminium oxynitride,

moissanite, corundum, quartz, and/or

the cut-off filter ( 12.2) is formed as an infrared absorbing filter glass element,

such as a filter glass sheet or substrate, preferably made of blue glass, or an

infrared absorbing layer such as an organic ink or organic film.

3 . The optical arrangement ( 1 0) according to any one of the preceding

claims, wherein

the infrared absorbing cut-off filter ( 12.2) and the cover element ( 1 2.1 ) are

combined to a protective IR filter ( 1 2) composed of a filter film on a rear face of

the cover element ( 12.1 ) , the protective IR filter ( 1 2) being a two layered

material formed i) as a laminate material, or ii) as a coated material, wherein the

filter film is coated on the cover element ( 1 2.1 ) .

4 . The optical arrangement ( 1 0) according to any one of the preceding

claims, wherein



the protective IR filter ( 1 2) comprises an IR reflecting layer ( 1 2.3) which is

arranged, or preferably formed as a coating, on one face of the cover element

( 1 2.1 ) , or optionally on one face of the infrared absorbing cut-off filter ( 1 2.2).

5 . The optical arrangement ( 1 0) according to any one of the preceding

claims, wherein

the protective IR filter ( 1 2) comprises an antireflection layer ( 12.4) which is

arranged, or preferably formed as a coating, on one face of the cover element

( 1 2.1 ) , or optionally on one face of the infrared absorbing cut-off filter ( 1 2.2).

6 . The optical arrangement ( 1 0) according to any one of the preceding

claims, wherein

the protective IR filter ( 1 2) comprises a hybrid IR reflecting and antireflection

layer ( 12.5) which is arranged, or preferably formed as a coating, on one face of

the cover element ( 12.1 ) , or optionally on one face of the infrared absorbing cut

off filter ( 1 2.2).

7 . The optical arrangement ( 1 0) according to any one of the preceding

claims, wherein

an antireflection layer is coated on a front face, or optionally on a rear face,

or on both the front and the rear face, of the cover element ( 1 2.1 ) .

8 . The optical arrangement ( 1 0) according to any one of the preceding

claims, wherein

the infrared absorbing cut-off filter ( 12.2) has a thickness of less than 0.3

mm, preferably less than 0.25 mm or 0.21 mm.

9 . The optical arrangement ( 1 0) according to any one of the preceding

claims, wherein the transparent cover element ( 1 2.1 ) and the infrared absorbing

cut-off filter ( 1 2.2) are cemented together.



10 . A camera module (22), comprising the optical arrangement ( 1 0)

according to any one of the preceding claims.

11. The camera module (22) according to the preceding claim, wherein the

objective lens has a minimum back focal length of 3.6 mm, preferably 0.3 mm or

0.5 mm, at the most.

12 . A method of manufacturing an optical arrangement ( 1 0) for a camera

module (22) with an image sensor ( 16), the method comprising:

providing a transparent cover element ( 12.1 ) , preferably made of a

chemically strengthened glass or sapphire;

producing a protective IR filter ( 1 2) by adding an infrared absorbing cut-off

filter ( 12.2), preferably an infrared absorbing filter glass element or an infrared

absorbing filter layer formed as a coated organic ink or organic film, to the cover

element ( 1 2 .1) , the infrared absorbing cut-off filter ( 1 2.2) thus covering a rear

face of the cover element ( 12.1 ) ;

providing a lens ( 14) or lens assembly; and

arranging, along an incident optical beam path (20) going onto the image

sensor ( 1 6), the lens assembly ( 14) at a position between the protective IR filter

( 1 2) and the image sensor ( 1 6), a front face of the cover element ( 12.1 ) , which

is opposed to the rear face, being exposed to the incident optical beam.

13 . The method according to the preceding claim, wherein

producing the protective IR filter ( 1 2) is performed i) by laminating or ii) by

coating the cover element ( 12.1 ) with the infrared absorbing cut-off filter ( 1 2.2).

14. The method according to claim 12 or 13, comprising the step of:

producing an antireflection coating ( 12.4) and/or an IR reflecting coating

( 12.3) or a hybrid IR reflecting and antireflection coating ( 1 2.5) on the front face

of the cover element ( 1 2.1 ) .

15 . The method according to one of claims 12 to 14, comprising the step of:



producing the IR reflecting coating ( 12.3) on a face of the cover element

( 1 2.1 ) , before or optionally after, laminating the cover element ( 1 2.1 ) with the

infrared absorbing cut-off filter ( 12.2).

16 . The method according to one of claims 12 to 15, comprising the step of:

producing an antireflection coating ( 12.4) or a hybrid IR reflecting and

antireflection coating ( 1 2.5) on the rear face of the infrared absorbing cut-off

filter ( 12.2).
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