1 AN APPARATUS FOR ASSEMBLING A LENS MODULE AND AN IMAGE SENSOR TO FORM A
CAMERA MODULE, AND A METHOD OF ASSEMBLING THE SAME 5Field of this invention This
invention relates to an apparatus for assembling a lens module and an image sensor to form a camera
module, which is particularly but not exclusively for use in mobile devices such as cell phones, tablets
and laptop computers. The invention also relates tota method of assembling a lens module with an
image sensor to form a camera 10module. Background of the invention Operational requirements of
camera modules for use in mobile devices such as cell phones, tablets and laptop computers are

rapidly advancing in respect of sharper image 15 resolutions and more sophisticated auto-focus
capabilities. ANHAPEARATHE FAMASSEMBLINGMCE NFOMQBY b Fe AN Add G SENSORt0 meet

consumer den@FoRMNETIMAERA O DUELING! ORIETHTD S X SSEMBRING T HEWRE is becoming
extremely sensitive to the relative arrangement of the lens module and the image sensor - that is, a

slight misalignment of the lens module with respect to the image sensor might 20 result in a significant
drop in $he dyelichgbthispayRititnce of these camera modules. Accordingly, conventional open-loop
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charact&ristics(sjmong the various components of the camera modules are ignored. 30 Thus, it is an

object bt thi"?%tion to seek to address the above problems encountered during the assembly of

these camera modules.
Background of the invention

Operational requirements of camera modules for use in mobile devices such as cell
phones, tablets, and laptop computers are rapidly advancing in respect of sharper image
15  resolutions and more sophisticated auto-focus capabilities. At the same time,
dimensions of camera modules are also becoming smaller to meet consumer demand.
Consequently, the operational performance of such camera modules is becoming
extremely sensitive to the relative arrangement of the lens module and the image sensor
— that is, a slight misalignment of the lens module with respect to the image sensor might
20 result in a significant drop in the operational performance of these camera modules.
Accordingly, conventional open-loop pick-and-place devices can no longer provide the
required alignment accuracy between the lens module and image sensor to meet the

desired operational performance of these camera modules.

25 In addition, the assembly of the camera modules does not take into consideration the
respective optical characteristics of the lens module and the image sensor. Accordingly,
the assembled camera modules may differ with regard to operational performance since
the differences in optical characteristics among the various components of the camera
modules are ignored.

30
Thus, it is an object of this invention to seek to address the above problems encountered
during the assembly of these camera modules.



2 Summary of the invention A first aspect of the invention is an apparatus for assembling a lens
module and an image sensor to form a camera module. The apparatus comprises i) a positioning
system for adjusting a relative arrangement between the lens module and the image 5 sensor; and ii)
an inspection system operative to view fiducials of the lens module and the image sensor. In particular,
the positioning system is configured to align the len module and the image sensor based on a relative
alignment of the respective fiducials of the lens module and the image sensor as viewed by the
inspection system. 1OBiy rqviding the inspection system operative to view fiducials of both the lens
module and H&‘lﬂ?&éjé’s s@‘,’?ﬂﬂ%})paratus ensures an accurate alignment of the lens module with
respect to the finshgersshobrthadosediinglyis Highappeaiaitiorfal peskimplagce fnhencdmeranch@dule may

advantageojshybesassies ipmexampierdnrganrct Bidtappaatisesombiaeand ayesfastagapabilities.
15 Some preferredfut 0 ti(ﬁnal feaiutr_es of the 1% aratus are defined in the dependent claims. For
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image sensor to form the camera module. Optionally, the gripper may be configured to actuate the
lens module_to rotatﬁnre %tiv.e to tq.e image sensor about an axi

t

ote 2 i 0r about an ax dieTinef %}I{ b[ﬁthlthe Ier&aéjwodule and
the im 8es (il I@rl] e é%p(%l DRI O A Yérﬁ 6duf 8 8 slﬁ@g@s or.
and the image sensor, the apparatus ensures an accurate alignment of the lens module
with respect to the image sensor. Accordingly, high operational performance of the
camera module may advantageously be assured, for example, in respect of its image
resolution and auto-focus capabilities.
15
Some preferred but optional features of the apparatus are defined in the dependent

claims.

For instance, the positioning system may comprise a gripper for gripping the lens
20 module. In addition, the gripper may be configured to actuate the lens module in a six
degrees of motion defined by translational motion along each of three orthogonal axes in
a three-dimensional space and rotational motion about each of the three orthogonal
axes. This allows the relative position between the lens module and the image sensor to
be precisely adjusted through any one or more of the six degrees of motion, and
25 advantageously provides an accurate alignment between the lens module and the image

sensor to form the camera module.

Optionally, the gripper may be configured to actuate the lens module to rotate relative to
the image sensor about an axis defined by both the lens module and the image sensor,
30 to align the respective fiducials of the lens module and the image sensor.

Further, the apparatus may include an image testing device and a test chart for use in
testing optical characteristics of the lens module and the image sensor. In particular, the

image testing device may comprise a magnification lens assembly for converging



Further, the apparatus may include an image testing device and a test chart for use in testing optical
characteristics of the lens module and the image sensor. In particular, the image testing device may
comprise a magnification lens assembly for converging 3 images of the test chart onto the image
sensor. By providing the magnification lens assembly, the test chart may advantageously be
miniaturised to occupy a smaller space within the apparatus. 5A second aspect of the invention is a
method of assembling a Iens module and an image sensor to form a camera module. Specifically, the
method com rises the s of viewing fiducials of the IeEps mod dthei e sensor; and ii)
Aligring the ERSESULTE 278 HRALE S BEARI oA B R dRE ST B L e
fiducials of thestendynibeiksiaihthedmhadiasi@gsorsiyioB ynotiedinsey ﬁ@l@cralsyoﬁ b ehedeps module
and the imagRr#eRROEpiRARParatus ensures an accurate alignment of the lens module with respect to
the image sensor. Advantageously, high operational performance of the camera module is assured in
respect of, for example, its image resolution and auto-focus capabilities. 15 Some preferred but
optionabstefssareribfisrattinfttie ivpehideis zRrtimdetsssatag thersapadideanthgnfimagals of the
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image sensgie wheRRiBUB&Nd the image sensor.

10
By obtaining fiducials of both the lens module and the image sensor, the apparatus
ensures an accurate alignment of the lens module with respect to the image sensor.
Advantageously, high operational performance of the camera module is assured in
respect of, for example, its image resolution and auto-focus capabilities.

15

Some preferred but optional steps are defined in the dependent claims.

For instance, the step of viewing fiducials of the lens module and the image sensor may
comprise — viewing the fiducials on a surface of the lens module from a first direction

20 using a first inspection device, and viewing the fiducials on a surface of the image
sensor from a second direction using a second inspection device, wherein the second
direction is opposite to the first direction.

In addition, the method of assembling a lens module and an image sensor - wherein the
25 lens module is gripped by a gripper - may further include the step of actuating the
gripper in any one of a six degrees of motion defined by translational motion along each
of three orthogonal axes in a three-dimensional space and rotational motion about each
of the three orthogonal axes. Moreover, the method may further comprise active
alignment of the lens module with the image sensor, which includes the steps of i)
30 obtaining a plurality of images of a test chart using the image sensor at different heights
of the lens module relative to the image sensor; ii) analysing the plurality of images of
the test chart in respect of their clarity; and iii) actuating the gripper in one or more of the
six degrees of motion to move the lens module relative to the image sensor to an optimal
position that provides higher consistency of image clarity among corresponding sections



25 lens module is gripped by a gripper - may further include the step of actuating the gripper in any
one of a six degrees of motion defined by translational motion along each of three orthogonal axes in a
three-dimensional space and rotational motion about each of the three orthogonal axes. Moreover, the
method may further comprise active alignment of the lens module with the image sensor, which
includes the steps of i) 30 obtaining a plurality of images of a test chart using the image sensor at
different heights of the lens module relative to the image sensor; ii) analysing the plurality of images of
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Brief description of the drawings
Preferred embodiments of the invention will now be described, by way of example only,
with reference to the accompanying drawings in which:

20 FIG. 1 is a schematic view of an apparatus for aligning a lens module with an image
sensor according to a first embodiment of the invention;
FIG. 2a shows a relative arrangement of the lens module and the image sensor before
assembly;
FIG. 2b shows a relative arrangement of a different configuration of the lens module and
25 the image sensor before assembly;
FIG. 3 shows an alignment device adapted for holding the lens module of FIG. 2a;
FIG. 4 shows a different configuration of the alignment device adapted for holding the
lens module of FIG. 2b;
FIG. 5 is a flow chart of an overall operation of the apparatus of FIG. 1;
30 FIG. 6a and FIG. 6b show the fiducials of the lens module of FIG. 2a and the fiducials of
the image module respectively;
FIG. 7 is a flow chart of an active alignment operation of the apparatus of FIG. 1;
FIG. 8 shows an image testing device;
FIG. 9 shows an exemplary test chart usable in the image testing device of FIG. 8;



FIG. 3 shows an alignment device adapted for holding the lens module of FIG. 2a; FIG. 4 shows a
different configuration of the alignment device adapted for holding the lens module of FIG. 2b; FIG. 5 is
a flow chart of an overall operation of the apparatus of FIG. 1; 30FIG. 6a and FIG. 6b show the
fiducials of the lens module of FIG. 2a and the fiducials of the image module respectively; FIG. 7 is a
flow chart of an active alignment operation of the apparatus of FIG. 1; FIG. 8 shows an image testing
device; FIG. 9 shows an exemplary test chart usable in the image testing device of FIG. 8; 5 FIG. 10a,

FIG. 10b, a I rap p t|n clarit ofthe Ima sas tured by the ima esensor
an FIG. 1116 W eRIST o A A B SR SELb B S A A dfventon. 5
Detailed desuripedmagfetisenscasfa@ned embodiments FIG. 1 is a schematic view of an apparatus 100
according torpdfirst empesheeaticolitie dnvandjyardins W%W@QW@%&MW@QOWWQ

device 102 conflgured to load lens modules 104 and image sensors 106 for assembly to become
camera modUfge 1Y i) a positioning system (shown in FIG. 1 as a unit transporter 108 on which an
image sensor 106 is mountable and an active alignment device 120 having a mechanism for gripping a

lens moduleptileePpbisetiptidn BPEVEGSERSensmissilekid and the image sensor 106 for assembly;
iii) a pick ar bél confl red to transf r the lens module 104% nd the i i nsor 10 the unit
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sensor 106 is mountable and an actlve alignment device 120 having a mechanism for
gripping a lens module 104) configured to position the lens module 104 and the image
sensor 106 for assembly; iii) a pick arm 110 configured to transfer the lens module 104
and the image sensor 106 to the unit transporter 108; v) a first inspection device (shown

15 in FIG. 1 as an uplook inspection device 112) positioned in a first direction for locating
and viewing fiducials on a surface of the lens module 104; vi) a second inspection device
(shown in FIG. 1 as a downlook inspection device 114) positioned in a second direction
opposite to the first direction for locating and viewing fiducials of a surface of the image
sensor 106; vii) a dispenser 116 configured to dispense UV glue onto the image sensor

20  106; and viii) an image testing device 118 having a plurality of optical components and a
test chart.

The uplook inspection device 112, the image testing device 118, and the active
alignment device 120 are arranged in close proximity to one another within the

25  apparatus 100. Similarly, the downlook inspection device 114 and the dispenser 116 are
also arranged in close proximity to each other within the apparatus 100. Such an internal
construction of the apparatus 100 reduces a travel path of the unit transporter 108 that is
necessary to perform the various operations of the apparatus 100 to assemble the lens
modules 104 and the image sensor 106. By reducing the travel path of the unit

30 transporter 108, throughput potential of the apparatus 100 may be advantageously
increased.

FIG. 2a shows one of the lens modules 104 and one of the image sensors 106 before
they are assembled to form a camera module. In particular, the lens module 104 is made



20106; and viii) an image testing device 118 having a plurality of optical components and a test chart.
The uplook inspection device 112, the image testing device 118, and the active alignment device 120
are arranged in close proximity to one another within the 25 apparatus 100. Similarly, the downlook
inspection device 114 and the dispenser 116 are also arranged in close proximity to each other within
the apparatus 100. Such an internal construction oféthe apparatus 100 reduces a travel path of the unit
transporter 108 that is necessary to perform the various operations of the apparatus 100 to assemble

the lens modules 104 and the image sensor 106. By reducing the travel path of the unit 30transporter
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a lens module 204 having a different configuration from the lens module 104 of FIG. 2a. Like the lens

module 104 of FIG. 2a, the lens module 204 of FIG. 2b also comprises a lens 204a and a lens holder
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displacemendiatigas each of those X, Y, and Z axes. To actuate the gripper 300 in the six
degreg%f-motion, the motors of the active alignment device 120 comprise:

FIG. 3 is an isometric view of the active alignment device 120. Specifically, the active
alignment device 120 has a gripper 300 for gripping a lens module 104. The active
alignment device 120 also includes various motors for actuating the gripper 300 to move
independently with reference to three orthogonal axes in a three-dimensional space, in

20 order to achieve motion of up to a six degrees of freedom. The three orthogonal axes
may be respectively defined by the X, Y, and Z axes, and accordingly, the six degrees of
motion includes linear displacements along each of those X, Y, and Z axes, as well as
rotational displacements about each of those X, Y, and Z axes. To actuate the gripper
300 in the six degree-of-motion, the motors of the active alignment device 120 comprise:

25 i) a linear X-motor 302 for actuating linear motion along the X-axis; ii) a linear Y-motor
304 for actuating linear motion along the Y-axis; iii) a linear Z-motor 306 for actuating
linear motion along the Z-axis; iv) a roll motor 308 for actuating rotational motion about
the X-axis; v) a pitch motor 310 for actuating rotational motion about the Y-axis; and vi) a
yaw motor 312 for actuating rotational motion about the Z-axis.

30
FIG. 4 shows an active alignment device 400 having a configuration which is different
from that of the active alignment device 120 of FIG. 3. In particular, this active alignment
device 400 has a rotatable turn head 402a. Thus, the active alignment device 400 is
suitable for use with the lens module 204 of FIG. 2b. Specifically, the lens 204a is



25 1) a linear X-motor 302 for actuating linear motion along the X-axis; ii) a linear Y-motor 304 for
actuating linear motion along the Y-axis; iii) a linear 7-motor 306 for actuating linear motion along the
Z-axis; iv) a roll motor 308 for actuating rotational motion about the X-axis; v) a pitch motor 310 for
actuating rotational motion about the Y-axis; and vi) a yaw motor 312 for actuating rotational motion
about the Z-axis. 30 FIG. 4 shows an active alignment device 400 having a configuration which is
different from that of the active alignment device 120 of FIG. 3. In particular, this active alignment

device 400 has a rptatable turn head 402a. Thus, the active align t device 400 is suitable for use
ith the lond BRI A oo RS N B A SR TR S ED e T BRI Rt
head 402a whiitt #hebeoistie Ritive Gdpre fixedewittih0Q.dAvitgtaRbtod thendutad4Rgnabent device 400.

By rotating isriaeh @i 40daiabo el 6AMAROR XA RRdene d iy tRetintdip IsassBrogeRd4 and the
image sensor 106, the lens 204a gian accordin(fgg%ft)xfF sclewegd into éE% lens gﬂo]der 204D via their mating
a

screw 5thredtis i%dé?d%?r}(?%%}r I %%epﬁﬁﬁ%\fvg he?r Sﬂ% %%%t. 8.V?i 8"1‘I8W“8Iqasr?r8w an overall
assemUly pitberasts v thidea ppebiainsanCPplimay pigallasyembpmeicess cycle first begins with the step
500 of onloading the lens modules 104 and the image sensors 106 onto the on/offloading device 102.

In this onloading step 500, 10the pick arm 110 seguentially transfers one of the lens modules 104 and
one o the HLgeoBr A AT R AR I ARSI P RSHARL! T QR G Crog 08 boer
completed, #ssamitiriospestercledtshbeaivsovitietke ttap A§rehenipadivigthe 2ensaneritlesd tdns module

104 can be pigke HRQY RaRetv@elonRligRBRRKIRIER dela@ntbthensiep alidaigsasingdiducials of
the Ien1s mo%ule 104 is performed. -hﬁ flduc:l?ls of the |lens module 104 arﬁiocr?éed on ?é?]urface at the

base OfO[he eRLIHOAITR 102 S8R @ré{férr%rﬁﬁésu?ﬂs& inp@&?oW '{/ﬁ?e1 T248% RV (o capture
an image ofithrobasesof sHd ferrsmildriunit Ireasp@RIG 08a illustrates the fiducials of the lens module
104. In particular, these fiducials are defined by a lens aperture 600a through which light passes and

b 600b at the base of the.lens halder 104b. Positional information relating to the fiducials of
the ons mollIE 162 0 SRy 178 ERPAFRILRISD. DOARL e B e R IO Plbeen

S been
picked up byeteegigpeegndeice LiAM saaifgpdreciens module 104 can be picked up by the active

15  alignment device 120 and the step 502 of locating fiducials of the lens module 104 is
performed. The fiducials of the lens module 104 are located on a surface at the base of
the lens module 104, and therefore, the uplook inspection device 112 is activated to
capture an image of the base of the lens module 104.

20 FIG. 6a illustrates the fiducials of the lens module 104. In particular, these fiducials are
defined by a lens aperture 600a through which light passes and by corners 600b at the
base of the lens holder 104b. Positional information relating to the fiducials of the lens
module 104 is then stored by the apparatus 100.

25  After the lens module 104 has been picked up by the gripper 300, the unit transporter
108 carries the image sensor 106 to the downlook inspection device 114 before the
steps 504 of locating fiducials of the image sensor 106 and dispensing the UV glue on
the image sensor 106 are performed. Since the fiducials of the image sensor 106 are
located on a surface at the top of the image sensor 106, the downlook inspection device

30 114 is activated to capture an image of the top of the image sensor 106.

Referring to FIG. 5, it is seen that the steps 504 are performed almost in parallel with the
step 502 of locating the fiducials of the lens module 104. This maximises the operational



108 carries the image sensor 106 to the downlook inspection device 114 before the steps 504 of
locating fiducials of the image sensor 106 and dispensing the UV glue on the image sensor 106 are
performed. Since the fiducials of the image sensor 106 are located on a surface at the top of the image
sensor 106, the downlook inspection device 30114 is activated to capture an image of the top of the
image sensor 106. 8 efficiency of the apparatus 1. Similarly, positional information relating to the
fiducials of the image sensor 106 is stored by the apparatus 100. FIG. 6b iIIustrates the fiducials of the

image sensg 106. In particular, these fid CIaIS may 5 be ed b iple wir 04a that
clectrioaty GRERDTE THGRGTEN 105 (DS B a0e TOR A UAAIAND e Pl RIAR Dt the
image sensof thedmagy mwa @ﬁmatgre@bb ﬂ?ﬁthmgm@@hlp 106a. By relying on the positional
information relating to these fiducials of the image sensor 106, the dispenser 116 can then dispense

the UV glue acc onto the image sensor. In particulay, th unlttr rter 8moves 10along
ay of bt DR B0 R AP 3 e K BB o FHRGE S B B AL Rra P BRSO glue o
dispensed. Atteetined by mu@%wimbﬂmmamv%@éﬁ%ﬂ' oﬂmeh@hma@@mr@w 1062 the unit
transporter Q3 &?J&@a’iéhﬂ)%a&%ﬁﬁmryl%b@%c@sﬂ@ @%V%Qﬁg%%rdmﬁméﬁ%@uﬁépefform the

step 505 of Eassweeyg rpﬁ] nt of the Iens % 104 with the image.se sor 106, The F’ 505 of
passive alig At o Fes s fB m?aYergso &6 A ‘%ét?s”ﬁeﬁ8{m8}5°8a§ 'Gh the
respective piosm&maflldinmtﬁaﬂm(ubm{aédﬂﬁoﬁhwéaﬂhelquzd Booas e sisgehse fideitldls of both
the lens mOQh!J@ A%@wwmﬁ&e.ﬁ%%ogér%r Addifipnallyy, the APeaR i asmtaggsdefine six

degre otlon with r%fe en i? >§ and orth %%l axes to ali E%n t:ﬁéens mod le 104 with
the image sSr?é‘Sr 4196°BY row Jththe %p% ﬁ%%é lioRCdENACE £12°3hd TReGBWA! %éﬁk
inspection desfie ALY dbﬁaiﬁ dhiéﬁmdals of the lens module 104 and the image sensor 106
respectively,

After the UV glue has been accurately dispensed onto the image sensor 106, the unit
transporter 108 carries the image sensor 106 back to the active alignment device 120 to

15  perform the step 505 of passive alignment of the lens module 104 with the image sensor
106.

The step 505 of passive alignment of the lens module 104 with the image sensor 106 is
performed based on the respective positional information obtained in the earlier steps

20 502, 504 using the fiducials of both the lens module 104 and the image sensor 106.
Additionally, the gripper 300 is actuated to define six degrees of motion with reference to
the X, Y, and Z orthogonal axes to align the lens module 104 with the image sensor 106.
By providing both the uplook inspection device 112 and the downlook inspection device
114 to obtain the fiducials of the lens module 104 and the image sensor 106 respectively,

25 the apparatus 100 can therefore align the lens module 104 accurately with respect to the
image sensor 106.

However, such a passive alignment method between the lens module 104 and the
image sensor 106 relies on a pre-stored algorithm of the apparatus 100, and does not
30 therefore take into account any variable optical characteristics of the lens module 104
and the image sensor 106. In order to take into account those variable optical
characteristics of the lens module 104 and the image sensor 106, test images should be
captured using the image sensor 106 and the lens module 104 before they are finally

assembled to form the camera module.



25the apparatus 100 can therefore align the lens module 104 accurately with respect to the image
sensor 106. However, such a passive alignment method between the lens module 104 and the image
sensor 106 relies on a pre-stored algorithm of the apparatus 100, and does not 30 therefore take into
account any variable optical characteristics of the lens module 104 and the image sensor 106. In order
to take into account those variable optical charactegstics of the lens module 104 and the image sensor
106, test images should be captured using the image sensor 106 and the lens module 104 before they

finall led fo form th nodule, 9 FIG. 7 is a flow chart of the steps invojved in th
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testing Bevice 118 includes a test chart 800, as well as an image-converging device. Specifically, the
image-convelging #evisenis RIRMNE S eRribspbioRclhigRsiesiR aReLMPiIRiINgRastRpRS Singlet
lenses 804a-F n?l doublgti Iq@% 806, In particular 6%e stack of sing?ééequSMa-c and thT doublet
lens 806 are"o@&r&ﬁ\?e"%% h VLIRSS BT ah AR QAR AP SR REAANE S LYt 106. FIG. 9
shows the t@artishiat, 800 imsags iteshediveiicetdibnocliceic e 168 cBpe Sficadly Wwakk abaedmebart 800
includes five.saaipnaPhiviese SpdehrAy GREVRRHERINRSEFIRdE QY i@%tify?éhﬁ PRI JatRRerties of an

assempled camera maodule generally have length gnd width dimensions ut 2 metres (m) by 2
metres ). EBmESt Ty o0 G G A RIE s et AT TS BB g e
conventionabadistugtiaitheT Bieckfefesinaleippasadld avhiahdrdhie slonbleiclemscdiio @ad tegeretidet typically has
dimensions gfiapid 29imaH8 Siiie28tN 800 Bits AT gthseHRSk goart 800 has smaller length and

width dimensions of about 15 centimetres (cm) by 15 centimetres (cm). Preferably, the length and

width dimensions of
FIG. 9 shows the test chart 800 used in the image testing device 118. Specifically, the

15  test chart 800 includes five regions of interest 900a-e. Conventional test charts for
testing the optical properties of an assembled camera module generally have length and
width dimensions of about 2 metres (m) by 2 metres (m). Consequently, the image
testing device 118 has to be large enough to house a conventional test chart. Therefore,
an apparatus which relies on a conventional test chart typically has dimensions of about

20  2.5m by 2.5m by 2.5m.

By contrast, the test chart 800 has smaller length and width dimensions of about 15
centimetres (cm) by 15 centimetres (cm). Preferably, the length and width dimensions of
the test chart 800 are not more than 15cm. Miniaturisation of the test chart 800 — as
25 compared to its conventional counterparts — is achieved by the stack of singlet lenses
804a-c and the doublet lens 806. Moreover, such a configuration of the image testing
device 118 advantageously provides better image quality as well as lower image

distortion.

30 It should be appreciated that the imaging distance ‘A’ between the test chart 800 and the
image-converging device - as shown in FIG. 8 - may be 0.4m, 0.6m, 1m, 2m, or 5m.

Further, the step 702 of Z-axis scanning is performed at different Z-levels of the lens
module 104 relative to the image sensor 106. The test chart images captured by the



the test chart 800 are not more than 15cm. Miniaturisation of the test chart 800 - as 25 compared to its
conventional counterparts - is achieved by the stack of singlet lenses 804a-c and the doublet lens 806.
Moreover, such a configuration of the image testing device 118 advantageously provides better image
guality as well as lower image distortion. 30It should be appreciated that the imaging distance 'A’
between the test chart 800 and the image-convergirg device - as shown in FIG. 8- may be 0.4m,
0.6m, 1m, 2m, or 5m. 10 image sensor 106 at different 7-levels are then subject to image analysis by

the apparatus 100. Specifically, th ar 0 performs attern reco n|t|o rocess to identify
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function MTF or a spatial fre re SFR) ag |ns the various 7-lev lens module
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apparatus 100hkeespectyaimabe. step 704 of tilting compensation of the gripper 300. The step 704 of
tilting compensation of the gripper 300 includes the apparatus 100 executing an image alignment

algorithm by ana the clarity of the res ectlv Ssectl nso the i es obtain the
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704 of tilting compensation of the gripper 300.

The step 704 of tilting compensation of the gripper 300 includes the apparatus 100
executing an image alignment algorithm by analysing the clarity of the respective

15  sections of the images obtained by the apparatus 100 at the different Z-levels. In
particular, the apparatus 100 actuates the gripper 300 to tilt the lens module 104 until the
highest clarity indices of all the respective sections of the images are obtained at the
same Z-level. Specifically, the image alignment algorithm compares the clarity of
respective sections of the obtained images against a predetermined database, which

20 includes a ratio list of an angle to peak clarity relative to each of the X, Y, and Z axes for
the various regions of interest 900a-e of the test chart 800. This predetermined database
is obtained during the set-up of the apparatus 100 by performing Z-scanning three times.
By comparing the data derived at the step 702 of Z-axis scanning with this
predetermined database, the apparatus 100 can accordingly actuate the gripper 300 to

25 move to an optimal position that provides higher consistency of image clarity among
corresponding sections of the plurality of images.

More specifically, the apparatus 100 actuates the gripper 300 to move the lens module
104 along any of the X, Y, and Z axes, and/or to rotate the lens module 104 about any of
30 the X, Y and Z axes until the lens module 104 reaches the optimal position.
Nevertheless, it should be noted that it is not necessary to rotate the lens module 104
about the Z-axis as the angular arrangement of the lens module 104 relative to the
image sensor 106 has already been undertaken in the earlier step 505 of passive
alignment between the lens module 104 and the image sensor 106. Further, it is also not



20 includes a ratio list of an angle to peak clarity relative to each of the X, Y, and Z axes for the various
regions of interest 900a-e of the test chart 800. This predetermined database is obtained during the
set-up of the apparatus 100 by performing 7-scanning three times. By comparing the data derived at
the step 702 of Z-axis scanning with this predetermined database, the apparatus 100 can accordingly
actuate the gripper 300 to 25move to an optimal pddition that provides higher consistency of image
clarity among corresponding sections of the pIuraIity of images. More specifically, the apparatus 100

actuates the %n er 300 to move the lens t? lxa fhezr% of the X, Y, and Z s and/or to
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FIG. 10b again shows the various graphs depicting the relation of the clarity index of the

image sections corresponding to the various regions of interest 900a-e of the test chart

800 against the various Z-levels of the lens module 104 after the gripper 300 has been
20 moved to the optimal position as identified by the image alignment algorithm.

It can be seen from the graphs of FIG. 10b that the clarity index of the image sections
corresponding to the various regions of interest 900a-e is more consistent at the different
Z-levels, compared with the graphs of FIG. 10a. Once again, the apparatus 100
25 performs the step 710 of tilting compensation of the gripper 300 by comparing the
information of FIG. 10b against the predetermined database to further optimise the
alignment of the lens module 104 relative to the image sensor 106. The apparatus 100
then actuates the gripper 300 to tilt the lens module 104 relative to any of the X, Y and Z
axes until the lens module 104 reaches an improved optimal position as identified by the
30 image alignment algorithm. In particular, the gripper 300 moves to the Z-level that
provides the highest clarity indices of the sections of the images corresponding to all the
regions of interest 900a-e of the test chart 800. This completes the active alignment

process.



20moved to the optimal position as identified by the image alignment algorithm. It can be seen from
the graphs of FIG. 10b that the clarity index of the image sections corresponding to the various regions
of interest 900a-e is more consistent at the different 7-levels, compared with the graphs of FIG. 10a.
Once again, the apparatus 100 25 performs the step 710 of tilting compensation of the gripper 300 by
comparing the information of FIG. 10b against the p2edetermined database to further optimise the
alignment of the lens module 104 relative to the image sensor 106. The apparatus 100 then actuates

the gripper to tilt the lens module 104 relative to any of the X, Y and Z axes until the lens module
104 Temoned & A BrBVBHSATRGR BERSHS PARSUmE g aRR A e RgRrtoReRI By i, n
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|terat|oibs aa:?%oyvn in 10FIG. 7. Another method of performing the active alignment process is through
the use of the dctive alignment device 400 of FIG. 4 to align the lens 204a illustrated in FIG. 2b with

the image sensor 106. In particular, the use of the active alignment device 400 involves the 15 image
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analysis as teaggibetsabdVe. Mrartisutare thp prenisheoere faliansandiaeideqdte mvabesgiigion process
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a-e of the_test chart and s etermines the different clarity indices of each of the
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then plottedypRachdrRictinthEherptaBRtERIWERRage analysis as described above. That is, the
apparatus 100 performs a similar pattern recognition process to identify respective

20 sections of each captured image corresponding to the five regions of interest 900a-e of
the test chart 800, and subsequently determines the different clarity indices of each of

the identified areas of the respective image against the corresponding angular
displacements between the lens 204a and the image sensor 106. Five separate graphs
similar to those shown in FIG. 10a are then plotted, each depicting the relation between

25 aclarity index (e.g. the modular transfer function MTF or the spatial frequency response
SFR) against the relative angular arrangement between the lens 204a and the image
sensor 106. The active alignment device 400 is then actuated to rotate its turn head 402

to move the lens 204a whilst the lens holder 204b is fixed in position within the cavity

402b of the active alignment device 400, until the lens 204a is arranged at a particular

30 angular displacement relative to both the lens holder 204b and the image sensor 106.
Specifically, the particular angular displacement of the lens 204a relative to both the lens
holder 204b and the image sensor 106 is based on the clarity of the test chart images as
analysed, For instance, the particular angular displacement of the lens 204a relative to

both the lens holder 204b and the image sensor 106 can be defined as the position that



25 a clarity index (e.g. the modular transfer function MTF or the spatial frequency response SFR)
against the relative angular arrangement between the lens 204a and the image sensor 106. The active
alignment device 400 is then actuated to rotate its turn head 402 to move the lens 204a whilst the lens
holder 204b is fixed in position within the cavity 402b of the active alignment device 400, until the lens
204ais arranged at a particular 30 angular displacegment relative to both the lens holder 204b and the
image sensor 106. Specifically, the particular angular displacement of the lens 204a relative to both

the lens holder 204b 106 is based on the cl f the test ghart
analysed, FOHEENLE O rLCTar R HEHALATRAT B AT ZOAI9 B U o beAR the ens

holder 204bcaptite@ ihyageesenmsge1 86rsan bdeleffisth asntimwigriEitionfthtie 1®ptyeidesatierhighest

average C'%Wpﬁ@@'@rﬁ&ft%v\/@éi@% W@MQ%&%@SH}%@@%‘&\@ f@@%?%@ﬁéh&ﬂﬁé@gﬁlﬁ“sor 106.
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The step 710 of of oadln It% asse gbled module is then 4 dertaken by the 10 apparatus

100. In this Sff%é&?"ﬁﬁrgt rﬂﬁéna asreasg?ssﬁ?spoon e lens module 104, and the unit

transporter 108 then transfers the assembled camera module onto the on/offloading device 102 to
await su bseﬂh@@iéﬁfbﬁﬂ 'tsfgomaum@ aepééaé%ﬁb@%Macama@éag an Qrderpiddie @,ﬁﬂ@éﬂbly
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This mgy adyaniageRUsboimRraxethe-A i ibrshpr ZRacanreibieh e annabriysHREaln addition,
FIG. 11 showsdan age éj 100 fa seco?d r(w)odiment of the invention. In contrast to the
%R HHREs ﬁtaBPﬁw% Rventi

apparatus 100 on, the apparatus

It should be appreciated that modifications to the apparatus 100 are possible without
departing from the scope and spirit of the invention.
20
For instance, instead of transferring a single lens module 104 and a single image sensor
106 within the apparatus 100 in each cycle of the assembly process, the unit transporter
108 may instead transfer multiple lens modules 104 and multiple image sensors 106
within the apparatus 100. This may advantageously improve the overall throughput
25  capacity of the apparatus 100.

In addition, FIG. 11 shows an apparatus 1100 of a second embodiment of the invention.
In contrast to the apparatus 100 of the first embodiment of the invention, the apparatus
110 of the second embodiment includes two unit transporters 108a, 108b, two uplook
30 inspection devices 112a, 112b, two active alignment devices 120a, 120b, and two image
testing devices 118a, 118b. It should be noted that the various components of the
apparatus 1100 operate in the same way as described above. However, the operation of
the apparatus 1100 has to be suitably configured to maximise operational efficiency. For
instance, when the unit transporter 108a is moving from the dispenser 116 to the active



110 of the second embodiment includes two unit transporters 108a, 108b, two uplook 30 inspection
devices 112a, 112b, two active alignment devices 120a, 120b, and two image testing devices 118a,
118b. It should be noted that the various components of the apparatus 1100 operate in the same way
as described above. However, the operation of the apparatus 1100 has to be suitably configured to
maximise operational efficiency. For instance, whemthe unit transporter 108a is moving from the
dispenser 116 to the active 14 alignment device 120a for active alignment of the lens module 104 with
the image sepsor 106, the other unit transporter 108b can simultaneoysly fransfer a new set of the
lens modul GG AUGE LENROPA G P RLANSEh Shr 19 4408 dHeGb N UV BILE KRageously,
the apparatgsnsb00 arnhaleibst doiiblenigatiieo d08p caespaditgnsooshptiradievithribritsef tHéhepparatus

100 aCCOfdi%éQﬂB&fufES‘?(ﬁ!'Wiﬁ‘éﬁj@-géﬁéﬂ?@@%ﬂh@fb@@@ﬁé@ﬁ% EOIRIPSIBRAAY @t‘_lﬁa_ﬁjémdlf['e a?d
an image sensor to form a camera module, apparatus comprising:; sitioning system for
diiting & PRAUISSFPITSort S BEVAUR 1100 CEmBIS AHOLRE g QeeER ST an
inspection syerrarepaittitatofvieafidaeius Bidlaedenkinmiodhr:fissicthieottineryy. sensor, wherein
the positioning system is operative to align the lens module and the image sensor based on a relative
alignment of the respective fiducials of the lens 10module and the image sensor as viewed by the
inspection system. 2. The apparatus of claim 1, wherein the inspection system comprises a first

inspection device positioned for viewing the fiducials on a surface of the lens module from a first
direction, and a second inspection device positioned for viewing the fiducials



150n a surface of the image sensor from a second direction, the second direction being opposite to the
first direction. 3. The apparatus of claim 1, wherein the positioning system comprises a gripper for
gripping the lens module. 4. The apparatus of claim 3, wherein the gripper is configured to actuate
the lens module to move in six degrees of motion defined by translational motion along each of three
orthogonal axes in a three-dimensional space and tbtational motion about each of the three orthogonal
axes. 5. The apparatus of claim 3, wherein the gripper is configured to actuate the lens module to
rotate relative to the image sensor about an axis defined by both the lens module and the image
sensor, to aﬁ% o respective fiducials of the lens module and the image sensor. 6. The apparatus of
claim 1, whélrein thnpagitdoativg) foysaeseroblinprizdens unddiienspdresr vreghistnges itmdgensensor is

mountable fesREYIRGIDR ITRAYLHHARRT Witlinsthe apparatus. 16 7. The apparatus of claim 1, further
comprising a test chart for use in testin optié:al charactqristics of the lens module and the image

sensor. 8. The apSanﬁﬁ Xuit &a%“?,”}u e é%%rﬂﬁisﬁnbe '%%3&8?@3%&% 9%’8%})(1,\ Sti{?é] Yo 50btain

imagesof tHaqolueating e dyrgessendaresst of the test chart. 9. The apparatus of claim 8, wherein the

image testing devigg GIPREIRSS & snagnifieaiife lensiarsemiltis 161 thd herdPrRmlds flctaim 9, further
comprising an optical diffuser for evenly distributing light from a light source to provide a diffuser

background'Wé’ﬁF, WHEFIn the positioning system is operative to align a centre of the image sensor
with a centre of theviiffaisettisapRejtoning Igyistens sbraad'sy thaligmale Jensdnodule and the

image sensor based on a relative alignment of the respective fiducials of the lens
10  module and the image sensor as viewed by the inspection system.

2. The apparatus of claim 1, wherein the inspection system comprises a first
inspection device positioned for viewing the fiducials on a surface of the lens module
from a first direction, and a second inspection device positioned for viewing the fiducials

15  on a surface of the image sensor from a second direction, the second direction being
opposite to the first direction.

3. The apparatus of claim 1, wherein the positioning system comprises a gripper for
gripping the lens module.

20
4. The apparatus of claim 3, wherein the gripper is configured to actuate the lens
module to move in six degrees of motion defined by translational motion along each of
three orthogonal axes in a three-dimensional space and rotational motion about each of
the three orthogonal axes.

25
5. The apparatus of claim 3, wherein the gripper is configured to actuate the lens
module to rotate relative to the image sensor about an axis defined by both the lens
module and the image sensor, to align the respective fiducials of the lens module and
the image sensor.

30
6. The apparatus of claim 1, wherein the positioning system comprises a unit
transporter on which the image sensor is mountable for moving the image sensor within
the apparatus.



1511.The apparatus of claim 9, wherein the test chart has length and width dimensions of not more
than 15cm. 12.The apparatus of claim 9, wherein the distance between the test chart and the imaging
testing device is between 0.4m and 5m. 20 13. The apparatus of claim 1, further comprising a
dispenser for dispensing UV glue onto the image sensor. 14. The apparatus of claim 13, wherein the
apparatus is configured to cure the UV 25glue for fiing the relative arrangement between the lens
module and the image sensor. 15. A method of assembling a lens module and an image sensor to

f le, th thqd ising the steps: viewing fidugials of the | dul d th
image Sensal. anc S5 AR EALTHobUIE A8 TREARL AL Rt dh ESTA Glgrment o

the respectigbdfigcteriticsfafibddersmodule aintithesmaggyeesensor. 17 viewing the fiducials on a
surface of the lens module from a first direction using a first inspection device, and viewing the

fiducials on surfaﬁcle of ther ima%F ?elns rffr mra sr%c%n% insrp%:tiontustiiplg g %Fcond ;ntsl,\glae%:tion device,
the second Hirection BERRFEPPoItE I e HIGer comprising an image testing device operative to
5 obtain images of the plurality of regions of interest of the test chart.

9. The apparatus of claim 8, wherein the image testing device comprises a

magnification lens assembly.

10 10. The apparatus of claim 9, further comprising an optical diffuser for evenly
distributing light from a light source to provide a diffuser background light, wherein the
positioning system is operative to align a centre of the image sensor with a centre of the
diffuser background light as obtained by the image sensor.

15 11. The apparatus of claim 9, wherein the test chart has length and width dimensions

of not more than 15cm.

12. The apparatus of claim 9, wherein the distance between the test chart and the
imaging testing device is between 0.4m and 5m.

20
13. The apparatus of claim 1, further comprising a dispenser for dispensing UV glue

onto the image sensor.

14, The apparatus of claim 13, wherein the apparatus is configured to cure the UV
25  glue for fixing the relative arrangement between the lens module and the image sensor.

15. A method of assembling a lens module and an image sensor to form a camera
module, the method comprising the steps:
viewing fiducials of the lens module and the image sensor; and
30 aligning the lens module and the image sensor based on a relative alignment of
the respective fiducials of the lens module and the image sensor.

16. The method of claim 15, wherein the step of viewing fiducials of the lens module

and the image sensor comprises:



5direction. 17. The method of claim 15, wherein the lens module is gripped by a gripper, and the step
of adjusting the relative arrangement between the lens module and the image sensor includes the step
of actuating the gripper in any one of six degrees of motion 10defined by translational motion along
each of three orthogonal axes in a three- dimensional space and rotational motion about each of the
three orthogonal axes. 18. The method of claim 177further comprising active alignment of the lens
module with the image sensor, the active alignment including the steps of: 150btaining a plurality of

f a test chart th tdff th f the | dule relative to th
mage sensor. analjSHPINE DAHANS 67 FEAGEC b e Oe AT I 1oGhacY o IREH By ke actuating

the gripper ifirsinyspeetiofn gryisix dedrees of motion to move the lens module relative to the image

sensor to an optim@gmﬁ't{ﬂg lﬂﬁ&lﬁf@\@ﬁ%sshif&l%%%@%%%%@érimﬂ%@ééW&m%&m{ responding
sections of the Iurall(tgy ma%es 19. The me hod of é{a m 18, wherein the actlve ﬁ%ﬂ ment step
g el

further comﬁ'ﬁ @s?hg aﬂlﬂg g%é?ﬁr ‘?tﬁ%c bglorb\(f(mﬁ an F?r?%&eti%e f'{ﬁta diffuser

backgrdunddiggistiahe diffuser background light being produced on an optical diffuser 25which evenly
distributes light from a Iight source. 20. The method of claim 15, wherein the lens module comprises a

| dIh th d qted by a turn head operative to rotate the |
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alignment obtére Mredvilinthdéhientietive rassandesactietalignnibet!ansludity th@rdeihe dmage obtaining
a plurality ofsgn&geiﬁ@u@egemérel@g epinsRmiMAg & REPSOMaARfaIe Y anoulayrsispérersagnts of the

lens re118t|ve t(% F%% Irt?yaQrans atlonél motion along each of three orthogonal axes in a three-

dimensional space and rotational motion about each of the three orthogonal axes.

18. The method of claim 17, further comprising active alignment of the lens module
with the image sensor, the active alignment including the steps of:
15 obtaining a plurality of images of a test chart using the image sensor at different
heights of the lens module relative to the image sensor;
analysing the plurality of images of the test chart in respect of their clarity; and
actuating the gripper in any one of the six degrees of motion to move the lens
module relative to the image sensor to an optimal position that provides higher
20  consistency of image clarity among corresponding sections of the plurality of images.

19. The method of claim 18, wherein the active alignment step further comprises the

step of aligning a centre of the image sensor with an image centre of a diffuser

background light, the diffuser background light being produced on an optical diffuser
25  which evenly distributes light from a light source.

20. The method of claim 15, wherein the lens module comprises a lens and a lens
holder, the lens module being supported by a turn head operative to rotate the lens
relative to both the lens holder and the image sensor, the method further comprising an
30 active alignment of the lens with the image sensor, the active alignment including the

steps of:

obtaining a plurality of images of a test chart using the image sensor at different
angular displacements of the lens relative to the image sensor;

analysing the plurality of images of the test chart in respect of their clarity; and



analysing the plurality of images of the test chart in respect of their clarity; and 18 rotating the turn
head to move the lens until the lens is arranged at a particular angular displacement relative to the
lens holder and the image sensor, wherein the particular angular displacement of the lens relative to
the lens holder and the image sensor is based on the clarity of the plurality of images as analysed.

18

rotating the turn head to move the lens until the lens is arranged at a particular
angular displacement relative to the lens holder and the image sensor, wherein the
particular angular displacement of the lens relative to the lens holder and the image
sensor is based on the clarity of the plurality of images as analysed.



