- 1 - OPTO ELECTRONI C MODULES AND METHODS OF MANUFACTURI NG THE SAME AND
APPLI ANCES AND DEVI CES COVPRI SI NG THE SAME 5 Technical Field The invention
relates to the field of opto-electronics and nore specifically to the
10packagi ng and manufacturing of opto-electronic conponents. Mre
particularly, it relates to opto-electronic nodules and to nethods of

manuf acturing the sane and to appliancgs_and to el ectroni c devices

conpri sing such nodules, in particular wherein the nodul es conprise at

| east one light detector. The invention relates to nethods and apparat uses
according to the opening clauses of the clains. 15 Background of the

I nvention From US 2010/ 0327164 Al, an opto-electronic nodule, nore
specifically a proximty 20sensor is known, during the manufacture of which
light emtter dice and |light detector dice are overnol ded using transfer
nol di ng techniques so as to formlenses on these dice. In US 5,912,872, an
i ntegrated optical hereof, a
support WRPED-BEECTRONK] MODU] aligned with

a - 2 - THE SAME AND APPLIANCES

5

Technical Field

The invention relates to the field of opto-electronics and more specifically to the

10  packaging and manufacturing of opto-electronic components. More particularly, 1t
relates to opto-electronic modules and to methods of manufacturing the same and to
appliances and to electronic devices comprising such modules, in particular wherein the
modules comprise at least one light detector. The invention relates to methods and

apparatuses according to the opening clauses of the claims.

15

Background of the Invention

From US 2010/0327164 Al, an opto-electronic module, more specifically a proximity
20  sensor is known, during the manufacture of which light emitter dice and light detector
dice are overmolded using transfer molding techniques so as to form lenses on these

dice.

In US 5,912,872, an integrated optical apparatus is presented. In the manufacture

thereof, a support wafer having a plurality of active elements thereon is aligned with a



transparent wafer having a corresponding plurality of optical elenents.
Such a support-transparent wafer pair may then be diced apart. In US

2011/ 0050979 Al, an optical nodule for an electro-optical device with a
functional element is disclosed. The optical nodule includes a | ens
substrate portion 5with at |east one |lens el enent, and a spacer. The spacer
serves to keep the lens substrate at -a2wnel | -defi ned axial distance from a
base substrate portion of the fully assenbled el ectro-optical device. In
order to ensure an inproved performance of the functional elenent, an EMC
shield is provided. The spacer is at least in parts electrically conductive
and t hus traspesertt h@feEmisg]a edrbspmdmgpdurtlity € ppwhl demetth Sdclod suppoof act uri ng

10a pl ur ch nDdu 123,90 wafer scale is also disclosed in US
2011/005%5%52K? TR SPeaggﬁémf5"Actlve optlcal conmponent”: A |ight
sensi ng o L@_EBQ%S asttlg P%tlcgp f?u@eforang]eétroa?ﬁlcg d Og’\fefh an imge sensor,

an LED, an 2L Ve optic An opti cal
conponent fun@itinletdnengisldisgltedd The efticalohodile mbiddera Idnsf §ubafa1m pmnan d/ or

reflection such as | eps, a mrror, or a stem wherein
b optt car i gdrashinedens SEBienCat] b vobe Tk Gsbortin o Beoabh e sTEBEE by

20al so coffpredlid@indEAMAdistate BoR ABRcSuBMERE RStiHthdfufly SiseRbledi MageE

screens, holders. "Opto-electronic nodul e-: A conponent in which at |east
one acti \ﬁéecarﬁwpafal devies Inprderja sasieAno BT st p@&fﬁ@ﬁ%ﬁﬂf thestupghigmal sed.

- Repl i catdiQRent, oA ENC BREQY rQdeé@%@ sioert btqgas?-mgﬂa)’t@ BleStikAlGt Ure or a

negati ve thereof i's reproduced . et chi ng, enbossi ng,” nol di ng.

"Wafer": @andugbse an thad foymslihg EMCo$hlffjg at epar wgresﬁa\préelthpd efmanufactenaigensi on i n
one djfec Iy respect to
its e}x({ enatsil5 1%1’%%&?\0(9%}1%&%%@ of2 %gé H:aagtfaisc?%s d?s%k%é Uss%;ﬁ[@é)ts ?%\fngts/bor | at er al
directions). Usually, on a (non bl ank) wafer, a pIurallty of like
structures or itenms are arranged or provided therein, typically on a 5
rectangul ar grid. A wafer may have opening or holes, and a wafer nmay even
be free of material in a predom nant portion of its lateral area. Al though
i n many fer is understood to be prevailingly nade of a
senlcondag?%§ﬁ$ékﬁgﬁﬂ“§ in the present patent application, this is
explicitely not alimtation. Accordingly, a wafer may prevailingly be nade
of, e.g., a sem conductor material, a polymer nmaterial, a conposite

mat erjal HAEOURS 1 B S 0 ROLY IS R lenRiBhy U5 5oRRdEY aSs material s,

I n partlc
photodiode, an image sensor, an LED, an OLED, a laser chip.

“Passive optical component”™: An optical component redirecting light by refraction
and/or diffraction and/or reflection such as a lens, a prism, a mirror, or an optical
system, wherein an optical system is a collection of such optical components possibly

20  also comprising mechanical elements such as aperture stops, image screens, holders.

“Opto-electronic module™ A component in which at least one active and at least one

passive optical component is comprised.

“Replication”: A technique by means of which a given structure or a negative thereof is

reproduced . E.g., etching, embossing, molding.



har denabl e materials such as thermally or UV-curable polyners are
interesting wafer materials in conjunction with the presented invention.
"Lateral": cf. "Wafer" "Vertical": cf. "Wafer" 15"Light": Mst generally
el ectromagnetic radi ation; nore particularly electromagnetic radiation of
the infrared, visible or ultraviolet portion of the el ectromagnetic
spectrum Summary of the Invention 20 ¢ne object of the inventionis to
create an alternative way of manufacturing optoel ectronic nodules. Mre
particularly, a particularly fast way of manufacturing optoel ectronic
nodul es and/or a particularly sinple way of manufacturing opto-electronic

modul es s{iakd Resupk@iMg disk! br Fateiike Shped iom[BSREALILY th QetdXeed@Ct 1 ONi C
nodul e, an 25el ectroni c device conprising such an opto-ele&%ronic nodul e

and an afiplliresHerorwnel draston intinall witkEesBict QUEEXEEIED 81 B8 PPEHIYC modul es
shal I be dgéc%\l)hg&d argj Anatibge orqgkﬁpﬁir&iioﬁﬁ.euéu'al‘fﬁ Rh1aQRod-Blahid wravh de

opt o-el ectroni ¢’ no ules having a particularly ‘accurate alignment and a
cor r espopbiralgy oflikefsarottunc pigitamest dvo akrangnd phrrpvidey] Gercingfyptdaly pRgention is to

provi de opto-el ectrqnic nmodul f. ti eyl arl ' ' . Anot her
obj ect of C{aﬁ%ﬁf’rn‘%/nen i“c/)a;feri nga}fu}ba%%ro g?/ql’gﬁgrohﬁfeglﬁdéiﬁa?%% érygg‘é?gjggggrrpri si ng at
| east annaekiaVie agnelopissi phriombsics latephssh vatlopgh pahanywopered wafei ch are

wel | protected against stray light. and/or cross-talk.  Another ject of the
i nvent i of® Yndersigof fokA Rieva el ’Bﬁ&aqflafe'é‘ﬁﬁf’ﬁlucéqré’?ﬁt?‘glrlil th é’\r/fiscezngf a{geglrrpr i sing at
| east ongpMRhkure tRck eQRlicReliMOL BmitdinUAthedingl] £ohfer appgeaifingimbt he

description and enbodi nents bel ow.

made of, e.g., a semiconductor material, a polymer material, a composite material
10 comprising metals and polymers or polymers and glass materials. In particular,
hardenable materials such as thermally or UV-curable polymers are interesting wafer

materials in conjunction with the presented invention.
“Lateral™: cf. “Wafer”
“Vertical”: cf. “Wafer”

15  “Light”: Most generally electromagnetic radiation; more particularly electromagnetic

radiation of the infrared, visible or ultraviolet portion of the electromagnetic spectrum.

Summary of the Invention

One object of the invention is to create an alternative way of manufacturing opto-
electronic modules. More particularly, a particularly fast way of manufacturing opto-
electronic modules and/or a particularly simple way of manufacturing opto-electronic
modules shall be provided. In addition, the respective opto-electronic module, an

25  electronic device comprising such an opto-electronic module and an appliance

comprising a multitude of such opto-electronic modules shall be provided.



At | east one of these objects is at least partially achi eved by apparatuses
and net hods according to the patent clains. The nethod for manufacturing
opt o-el ectroni ¢ nodul es conprises the steps of a) providing a substrate

waf er on which a nultitude of detecting nenbers are 5arranged; b) providing
a spacer wafer; c) providing an optics wafer, said optics wafer conprising
a nultitude of transparent portions transparent for |ight generally

detect abl e by said detecting nmenbers and at | east one bl ocking portion for
substantially attenuating or 20bl ocking incident |ight generally detectable
by said detecting nenbers; d) preparing a wafer stack in which said spacer
waf er i s Andbagdchettieciarensian & ts phsideaipe-sladt@hicansdudaindviaghi cs waf er such
that said det clti n mag%ers ar e arran%eg. betvvefg{r:l sai d substrate wafer and
sai d opt | REIGHEFiyAccurate ghgnmeptand 4 ogigsrogding mpnukeetypae Bstgdel ect roni ¢ modul es
in a partjcularly efficient, way, 25and may all ow to manufacture

parti (F:)ul ’I“i}]!“?h'o ' Qfiths 'BYTGOR [5dR PrY eé’pFPﬁ%jE‘F‘{é’él?C 'F?Fﬁ’ﬂ%é’?ﬁﬂ?’%‘}larh ght i nci dent
on such angd@tdetisigsnmenber nay be restricted to desired - 5 - light, and
undesired light, i.e. light which shall not reach the detecting nmenber, may
be kept fAihdreBehdTtheiReenbieh BG bR idFRIPREE ect@fid thodiB¥ cBRpalisosbed by and/ or
refl ected by said blocking portion. For this purpose, said at |east one

bl ocki ng !prst 1 #H VeaRd passibly alseaesiyarptigHcpBPPRenhyhich prervsgienraiseted or | i ght

det ect abl g,y 83} qgfq%b@gltgrgg_@gnb_er S. 5The feature that said detecting
menbers are arranged "between" said substrate wafer

Another object of the invention is to provide particularly small electronic devices

comprising at least one opto-electronic module.
10  Further objects emerge from the description and embodiments below.

At least one of these objects is at least partially achieved by apparatuses and methods

according to the patent claims.

The method for manufacturing opto-electronic modules comprises the steps of

a) providing a substrate wafer on which a multitude of detecting members are
15 arranged;

b) providing a spacer wafer;

c) providing an optics wafer, said optics wafer comprising a multitude of

transparent portions transparent for light generally detectable by said detecting
members and at least one blocking portion for substantially attenuating or

20 blocking incident light generally detectable by said detecting members;

d) preparing a wafer stack in which said spacer watfer is arranged between said
substrate wafer and said optics wafer such that said detecting members are

arranged between said substrate wafer and said optics wafer.

This may allow to manufacture opto-electronic modules in a particularly efficient way,
25  and may allow to manufacture particularly minuscule opto-electronic modules.

Furthermore, light incident on such a detecting member may be restricted to desired



and said optics wafer is to be understood to conprise and to nore precisely
nmean, respectively, the case that the detecting nenbers are conprised in
the substrate wafer and that there exists at |east another portion of the
substrate wafer such that said detecting nenbers are arranged between that
ot her portion of the substrate wafer and /Osaid optics wafer. In case the
detection nenbers are conprised in thessubstrate wafer, one could rather
and nore clearly say that the wafer stack (cf. step d)) is prepared such
that said detection nenbers are arranged "on a side of said substrate
facing said optics nenber”, instead of arranged "between said substrate

waf er angig;agiaﬂld Qrgiei;iﬁeibl li@,ﬂif,@é."ligh% shiey ehidiheh esash ths detectibginenttienomaysreber s may be
conprised in said substrate wafer or be not conprjsed.n i d,substrated
waf er. | tkepilrem resehing the deterting memberyasiupay ‘éﬁf&&g?d Pandier é‘%@ﬁt&fl Z)Ht portions

for |'ightgagenekalel poniat BSURBhepbYe, 5Ad 6t 168t &tHlagingpdRRh4aRst not
necessarily nean that the transparent portions have to be transparent for

any | i ghtleageswbptantiajly aep-transppieat Joy lighidgleetable &Y said dgerBaBEdesysual 1y, a
transparency for a portion of the light generally detectable by said
det ectsi ngrhedentere that sriddeteqtiag awmbepare Frrapped Thytwesh] dibefaayaichaier is a

wafer ref.gpied oé@cs%fe?qp?tb;e%rngeré@g@{oaco%g_sesﬁdeO SRACKECIVAS fbad, S @ wafer

referred to as Spacer wafer, and sald optics wafer is awafer referred to
as opti csespaétaely, 16 Sajedhal deabstdcting members aiegompreadde thssubsiiateqeaferct i ng | ght

Usuar 1y, B bR e S hop B e B b e EPh BLBEC e compr ses
a two- di nersiigabmpes e diranged barwgemdnt otbér erticancif theesbante wadersand - 6 - | n
one elr(r)bodsiairg%%és v%gfjerc_i detecting nenber is or conprises a photodi ode.

In case the detection members are comprised in the substrate wafer, one could rather

and more clearly say that the wafer stack (cf. step d)) is prepared such that said

detection members are arranged “on a side of said substrate facing said optics member”,

instead of arranged “between said substrate wafer and said optics wafer”.

15  Nevertheless, said detection members may be comprised in said substrate wafer or be

not comprised in said substrated wafer.

It is to be noted that the transparency of the transparent portions for light generally
detectable by said detecting members does not necessarily mean that the transparent
portions have to be transparent for any light generally detectable by said detecting

20 members. Usually, a transparency for a portion of the light generally detectable by said

detecting members is sufficient.

Particularly, said substrate wafer is a wafer referred to as substrate wafer, and said
spacer wafer is a wafer referred to as spacer wafer, and said optics wafer is a wafer

referred 1o as optics wafer.

25  Said detecting member is a detector for detecting light, in particular infrared light, more

particularly near-infrared light.

Usually, each of said wafers has a generally plate-like shape and comprises a two- -

dimensional periodic arrangement of structures or items.



I n one enbodi nent which may be conbined with the before-addressed

enbodi nent, step d) conprises fixing said substrate wafer to said spacer
waf er and fixing said spacer wafer to said optics wafer. Said fixing may in
one or both cases be acconplished by 5gluing. In one enbodi nent which may
be conbined with one or both before-addressed enbodi nents, step d)
conprises aligning said substrate waf-ere and said optics wafer such that
each of said nultitude of detecting nenbers is aligned with respect to at

| east one of said transparent portions, in particular wherein each of said
detecting nenbers is 10aligned in the same way to one of said transparent
portions wamhembpdiowst, sidddéaipg mewbecih onepymysecoptivitediatieni t h one or nore of
t he before-addressed enbodi nents, step a) conprises the step of al)placing
sai d det elmtdnagmiredrinentsvioch way be guilstedatith thabeprebyddphel cabddipleace.

Carryin ut .such .a pi ck-and-pl ace ration on fer-level. allows to

achi gvega&fﬁ 4o Bfegﬁxhn Sglg CUPHRY V4 %‘?%SWE %C?‘Favﬁ%%a@fl GF85E58EE" I n one
enbodi menwafehiochidrpyicsoeaferofdid fiethg \whdylin oMeordothd@es tefactdnepliskddbye- addr essed
enbodi ments, step a) conprises the step of a2)electrically connecting each
of saildl d8l®8tion nembers to said substrate wafer. This can be
acconplished, e.qg,, by .die-bonding.or, hy sol derjng_by reflow ng. 20l n one
enbodi ment’ %F’E’hg‘%’r@ﬁmﬁ‘é}"m Dspmibined vgfeeng or H‘b‘b@g@f‘s‘? estisk or e- addr essed
enbodi mendnsbodaaiis, obp 8dcbhpiiddstdlibhide sAd sibsamns Rafeefhd R bhiRISafPBRL Ses at

| east one_passive optical conmponent. In one enbodi ment which may be

conbi ned WitteACHHsaigmpiude effdefasingyaembes Baderadswith warssHoReIsed ong he net hod

conpr i ses,hiaVaHipagnfpdtBd Rl injiteal Shein QM SakiiQRLhnSabdhadspacer waf er
and said optics wafer. Such a wafer can be referred to as "conbi ned optics
10  aligned in the same way to one of said transparent portions each.

In one embodiment which may be combined with one or more of the before-addressed

embodiments, step a) comprises the step of
al)  placing said detecting members on said substrate wafer by pick-and-place.

Carrying out such a pick-and-place operation on wafer-level allows to achieve a high

15  placing accuracy and a high manufacturing speed.

In one embodiment which may be combined with one or more of the before-addressed

embodiments, step a) comprises the step of
a2)  electrically connecting each of said detection members to said substrate wafer.
This can be accomplished, e.g., by die-bonding or by soldering by reflowing.

26 Inone embodiment which may be combined with one or more of the before-addressed
embodiments, each of said multitude of transparent portions comprises at least one

passive optical component.

In one embodiment which may be combined with one or more of the before-addressed

embodiments, the method comprises providing a wafer which is a combination of said

[N}
n

spacer wafer and said optics wafer. Such a wafer can be referred to as “combined optics

wafer”.



wafer”. I n one enbodi nent which may be conbined wth one or nore of the
bef or e- addr essed enbodi nents, the nethod conprises the step of
manuf act uri ng sai d bl ocking portion and said spacer wafer as a unitary
part. This may, in particular be acconplished using replication. 5Conbining
waf ers (and, correspondingly, the respective nenbers) usually allows to do
wth a relatively little nunber of mangfacturing steps and in particul ar
with a relatively little nunber of alignment steps. This may sinplify

manuf acture and/or result in nodules of higher precision. In one enbodi ment
whi ch may be conmbined with one or nore of the before-addressed

10enbodi NMBBLHS emBEiMeR fwhsdh ayBel dombitée weth onk anspay FMile @it la@drssse®npri ses at
| east one passive optical conmponent such as_a | ens nenber (as an exanple

for a pas8ibedingsts thymethodsomantes thejsteppd mappfarirngirid BPFKRaRNtoR sai d

passi ve opfisfakpLOMPARCRLSINARYPLH SEEs Aby, iepatic @RS AR dnMsh&i Uskipt ure, or
nor e partlcular?y, wherei n each of saldylens menbers conprises at | east one

| ens el ereplicati®uch a | ens nenmber is or conprises at |east one 15(optical)
| ens; and such a lens elenment is a | ens which possibly is a portion of a
conposed Gamisning wptpseldnd fcomgspprabrgly, theorespeaiepasrabars)pavally allgwetd éns el enent s

are providg e&'iivélg%feer]%fﬂb%gof‘Iﬁagmacmling 'stfe%J e?{atih ?5&159151&11(\{71‘&{ ;?re'ié(i%%a' l'y) by

refraction. re genera , sal d passi Ve optical conmponent are provided for
r edi r ect ilinde hungtiet obaligdinkhitrseeps.i T ramddimplifyymanefacace argvoraemt/ton by refl ecti on.
20l n one eq? diggné referring to the before-addressed enbodi ment conpri sing
| ens el eMEHTE® S QG IPERE ' B enent s are or at |east each of a portion of said

I I ts i f | | h . O | iall
gener al | )1 oas e asd SRR Gpavfe 8o Tha BB e Rs opmoR e SuRRS o “ant

convex r egibotisnentl €cpossidinelinlds odirensparbmchon®int coraplves htrlgpst oneone or nore of
t he before-addregﬁed enbodi ment s 25conpri si ng passive opt.i cal . conponents,

each of PAFHPRYSH FEMBYEPCHFD EThSBHERPRCTARS WAEAMBE 1o PRAHH HIPUF! sai d
passi ve QBp6@int)CRIRAREA Shérsin@8&0M saldgdssv el dptidd] cbRpsitenRBnPissal d
detectlnq menbers each. . . .

east one optical structure, or more particularly, wherein each of said lens members

comprises at least one lens element. Such a lens member is or comprises at least one

15  (optical) lens; and such a lens element is a lens which possibly is a portion of a

composed lens composed of at least two transparent parts. The lens elements are

provided for redirecting light by diffraction or (more typically) by refraction. More

generally, said passive optical component are provided for redirecting light by

diffraction and/or by refraction and/or by reflection.

20 In one embodiment referring to the before-addressed embodiment comprising lens
elements, said lens elements are or at least each of a portion of said lens elements is of
generally convex shape. Of course, also partially or generally concave shapes or other

shapes, e.g., combining concave and convex regions, are possible.

In one embodiment referring to one or more of the before-addressed embodiments
25  comprising passive optical components, each of said passive optical components or
each of a portion of said passive optical components is associated with at least one of

said detecting members each.



In one enbodi nent referring to one or nore of the before-addressed

enbodi nents conprising | ens nenbers, each of said | ens nenbers or each of a
portion of said | ens nmenbers is associated with at | east one of said
detecting nmenbers each. In one enbodinment referring to one or nore of the
bef or e- addressed enbodi nents 5conpri si ng passive optical conmponents (such
as lens nenbers), the nethod conprisesgthe step of ¢ I )manufacturing said
passi ve optical conponents by nmeans of replication. Replication can be a
very efficient way of producing a nultitude of, e.g., lenses and |ens

el enents, respectively. It may be possible to save many alignnent steps
and/ or a lhohe ehbddiiem uéfacing to tige drinti@e bths befaye-addresssdentobidenent referring

to the before-addressed enbodi pent, step cl) conprises replicating a
surface iHTEFNG fing ;nevﬁgsreoﬁagh afsgﬁf ES Wﬁmf§/ %f'élmﬁﬁmr@ow{)%ﬂﬁarrs and
subsequenfdnybhais deatia@d with aPRAdt lboRdIbBYai Cdbidclfy membeks BRdher i al . Sui tabl e
materials can be, e.g., polyners such as epoxy resins. 1 9In one enbodi nent

referrindnbge tHBodatR PRl [EHRAA nfIFPOChBBEbre-fRIdsddRRIbogiMentg Of said
surface conprises enbossing said surface into said material. In one

enbodiSme FEMPEFIBE PASAye PRHGh@HONsE (Fugl astpes merabarasihe ggthed se@Eri¥fbodi ment s,
said harqg @&&fopajd material is acconplished by at |east one of heating and
i ith light, in particular with ultraviolet light. In

irradiating wt _ _ ( _
particul i) Sy AALARIAG G0 BiticEchRoneAln) RARST RAROMIAENT A ghsggge?e

conbi ned with one or re of the before-addressed enb

waf er | Syﬁ%ﬂ&tﬁﬁ c E@e{)\?errif é#ﬁc}é’ﬁi G SHRSHR Ml Ahhi¥ndk BE@%}%H&Ees@{nd@é&Cks i ght

general | etectabl e by said detecting nmenbers. Using ftor said spacer wafer
a mat er i alenyeniscrespestivalpdt man bepdssibledn savieammy atigmment stepd angfir adettodct abl e by

said detecti IS make it possible to shield the detecting nenbers
fronﬁ%nd§§¥#g%ugﬁgﬁﬁw3%g8§% as stray light fromoutside the nodule or, if

en si 0N IEADELS G AAKH IR 868, DELOW ) dboB A Uep S PRRHALK from the
em SSs1 on nenpbers to e detecti ng nenobers.

replicating a surface in a liquid, viscous or plastically deformable material and

subsequently hardening, in particular curing, said material. Suitable materials can be,

e.g., polymers such as epoxy resins.

15  In one embodiment referring to the before-addressed embodiment, said replicating of

said surface comprises embossing said surface into said material.

In one embodiment referring to one or both of the two last-addressed embodiments, said
hardening said material is accomplished by at least one of heating and irradiating with

light, in particular with ultraviolet light. In particular, said hardening can be curing.

20 In one embodiment which may be combined with one or more of the before-addressed
embodiments, said spacer wafer is made of a material which substantially attenuates or
blocks light generally detectable by said detecting members. Using for said spacer wafer
a material which is substantially non-transparent for light detectable by said detecting
members can make it possible to shield the detecting members from undesired light

25 such as stray light from outside the module or, if emission members are provided (see

below), to prevent cross-talk from the emission members to the detecting members.



I n one enbodi nent referring to the before-addressed enbodi nent, a nultitude
of em ssion nenbers for emtting light generally detectable by said
detecting nenbers is arranged on said substrate wafer, in particul ar
wherein the em ssion nmenbers are arranged such that a multitude of

nei ghbori ng em ssi on nenbers and detecting 5nenbers are present on said
substrate wafer. Typically, each of sabd-em ssion nenbers is associ ated
with one of said detecting nenbers. Wth respect to the em ssion nenbers
and their emtted light spectrum it is to be noted that the em ssion of

i ght generally detectable by said detecting nmenbers does neither mean that

the enmi tﬂ@&uelén%ﬂxxﬁ@@%?&ﬁh% hythbﬁéfoiechdﬁfé‘dﬁﬂ chibBdifriehl, awamal@ngt h range of
l'ight togenerally detectab sai d_detect]| ng menbers, nor .that an
b1

(addi ti oﬁ@pwaemegshe@rfowmmrwg hefnerslin dptaftplle Faé‘éfi%{ﬁ‘f"é‘gw@é’fsds det ect i ng

menber s ‘ﬁﬁ&ﬂ%@d BE sG% chuided ‘wa%%uiﬂlpk%’cul%r WhaBRREY §RGYod REmBerP@kt i On of the
i ght generally detectable by said detecting nenbers is sufficient.

Usual | y, amengedisechithal aolﬂulhiug(h@fr@lgﬁ’bpmﬁlwléffwmﬁ@hﬂﬁ and detgchipg t he wavel engt h
[ ange . 9CENALl Y dSEEG! APLE1 BitsDAl daflPtepihild) SAIIRLS chifisRiffldfleRNt - 1510

one efbodi‘ie erring o one or ’he two last-addressed
enbodi nemstessocmdivmmf(smdrden&tIergsn‘an@mI aced on said substrate wafer for
emtting said light in a direction generally perpendicular to the extension
of said Wths:tes;&t:ao tHehdrsissiary memberts hmaﬂhhiyerp'rtmpaighttsipngrdm ghs toibe reedt t ed whi ch
usual |y run thr rans |n one
enbodi me\mat PEERYSIRG kl gﬁ(ﬁggergﬁy ?%?Céa%é)efb%ﬁ%do erret():pl er?ﬂ%es npr }le ng said
em ssi onpfgehar the etha&ah light Seaéwarila bad tv@oapithectall vmal}smglherﬁtnge oﬂn@ach of a
portion of saj dd§ gkve o tj cal conponents.is é‘? C|a ed.with _one of said

r

em s<f on SPRSFALYY by said dgtegiie e MRty )teH“%H’Q %r nore of the

embodi Mepks rfé@@é?felraﬂz ragteaable b§BAi8 Ab1ORi RIS WHdd b@&&ld&ﬂﬁ@é’usuy,@aC h of said
| ens nmenbérs or eac Fortl on of 25said |l ens nenbers is associated with

one of sHPRFPAKNSSIHA P%‘ﬁ’éé e dghtgengralndtecsabobl fahictscir@MEMAESto one or

mor e of gmc@ﬁ@oggﬁwnmmﬁ@amml a2 §éHith val%éh Q{‘lsniﬁgt}f%rv%ve@ﬁgtg mul titude of
passi ve optical conponents corrprl ses one plurality of passive optical

conpone ntr@gagwcalla(td@tﬁcmbhe by said deffectg merebarsisisnfiicipehber s

15  In one embodiment referring to one or both of the two last-addressed embodiments, said
emission members are placed on said substrate wafer for emitting said light in a
direction generally perpendicular to the extension of said substrate. This way, vertically
propagating light is emitted which usually will run through one of said transparent

portions.

20 In one embodiment referring to one or more of the embodiments comprising said
emission members, each of said passive optical components or each of a portion of said

passive optical components is associated with one of said emission members each.

In one embodiment referring to one or more of the embodiments comprising said
emission members and lens members, each of said lens members or each of a portion of

25 said lens members is associated with one of said emission members each.

In one embodiment referring to one or more of the embodiments comprising said
emission members, said multitude of passive optical components comprises one

plurality of passive optical components associated with one of said emission members



- 10 - each and another plurality of passive optical conponents associ ated
with one of said detecting nenbers each. This way, nodul es conprising an
em ssi on nmenber arranged bel ow an associ at ed passive optical conponent
(e.g., lens menber) and a detecting nenber arranged bel ow an associ at ed
passi ve optical conponent (e.g., |lens nenber; 5these | ens nenbers bei ng not
identical with the before-nmentioned onég)-can well be manufactured.
Therein, "below' refers to a generally vertical direction (with respect to
the wafer extension). In one enbodiment referring to one or nore of the
enbodi nents conprising said em ssion nenbers, said spacer wafer is

st ruct ur edclapf apothenplehlisiedipatshigtoptieal ﬁ@ﬁm,f@gts rpopeied aithoppaksaid| k bet ween
said ems d to reduce
opt i cal crelnBEREES ARCTRE N IRl S Sl SR80 R D

i ght em helce'darba}ssscaateﬁ mls@ommalrmmpenenafmg demseuctmhl:rmdsa:iectcnm ecting nenber
whi ch has resached S3 dogweatnets:tln e ycaq an é”én\?&s e%soeHb%al pat h,
e.g., hav’fl% een F]t ered”(OC |I|’ ﬁ e81'Fed V\Bln) Cehi N

opt o- &l ech¢sednd nmmhetsebeam d@aidbm@aheﬁlﬂhled’eﬂaﬁsﬁ:bﬁimﬁled enws)cmgwmlrﬁ&er Wi t hout

having | eft a| d 0-e rqni ¢ nodul e. can | qw 1 Q substantl al |
net omaat andsptiantied Mhersty S Tt asapdsel b SERL Ao B ARER 81 4 not pass

(two ti nagawaﬂaf@ugmml d optl cs wafer. In one enbodi nent which nay be
conbined with one or nore of the before-addressed enbodi nents, the nethod

conpr i sesinbh€embAmedht réfiineRé aidtirMbrs af Me S&B@&ﬁxeﬁ@fﬁ&ﬁpr@}hg@ﬂins of a
replication process. This can nmake the manufacture of the nodul es

parti cul acmlw@rm?reb%tsmdwe@wﬁw strucdypdandaasrapgssh suehhthat ibeedeeescan conpri ses

an enbossj ’ﬂgal%;cﬁptall@‘ﬁet@eéﬁaﬁirénﬁlmJn%erﬁ@érgar%%faq{ete@mgerﬁemﬁerp@hYSrE%B based
mat eri al such as an epoxy resin, in particular a curable material, can be a

sui t abl e @lhwite eedupqropsisal corsealk inethe sansg effredunneyes nulbifng B amiovt dne or nore

of the bajgy i?t@&‘% EQmEERE}?ﬂ{b and dEA6edBY Shid ay c‘?& Y%‘l(}hfb'é gnOPti cs waf er
i's substar%tl‘gﬁl y nggdg Int P;gckl pofxgrlﬁ%nll s a hardened hardenabl e

mat eri al hab reafimdtSiakdtdeazpti@ rpemig vrawmajntiﬁlm@bmqalaxba)h e@..gayingbgawl yner - based
mat eri al scz%ereda(s tn S unde9% way)swghm the opto-electronic module or having reached
15 said detecting member without having left said opto-electronic module. It can allow to

substantially attenuate or block light emitted by said emission member which did not

pass (two times) through said optics wafer.

In one embodiment which may be combined with one or more of the before-addressed

embodiments, the method comprises the step of
20 h) obtaining said spacer wafer by means of a replication process.

This can make the manufacture of the modules particularly efficient. For example, said
replication process can comprises an embossing step. As a material for said spacer
wafer, a polymer-based material such as an epoxy resin, in particular a curable material,

can be a suitable choice.

25  In one embodiment which may be combined with one or more of the before-addressed
embodiments, the material of which the optics wafer is substantially made in the
blocking portion is a hardened hardenable material (in particular a cured curable

material), e.g., a polymer-based material such as an epoxy resin.



I n one enbodi nent which may be conbined with one or nore of the

bef or e- addr essed enbodi nents, the portion of the optics wafer in the

bl ocki ng portion is obtained using a replication process. In one
enbodi ment which may be conbined with one or nore of the before-addressed
5enbodi ments, said opto-electronic nodules are proximty sensors. In one
enbodi ment whi ch nay be conbined w thgne or nore of the before-addressed
enbodi ments, the nmethod conprises the step of e)providing said substrate
wafer with solder balls on that side of the substrate sensor
which is opposed to that side of the substrate nenber on which said

10det ect ijngndERRRA erdMBich i e @Fmbinkd With 3h& 6r HeE B te®efope-pidpsssete a
substrate waf er having contact pads not provided wth ﬁflder balls. This

way, the eradimeaiubeaoTHerel Be ortieh WIET eig Plogking BerioR I RIS ur e of
eleCtrO”'&ﬂQﬁMkﬁﬁ&mﬁﬁ-g-’ it can be used as a surface nount device. 75In
|

T
one enbodi nent may be conbined with one or nore of the

bef or e- agdy essad, GHBO UnMB M5 be thRbIEE RAH oROBMADS &8 Helbefo-ERir@kePsepar at i ng
ac

said wafer st into a nultitude of separate nodul es each conprising a
portien embsdingnsidast orat-elestmirmodules|apaprpxiony sefsosai d det ecti ng nenbers;
20a portion of said spacer wafer;

In one embodiment which may be combined with one or more of the before-addressed

embodiments, the method comprises the step of

e) providing said substrate wafer with solder balls on that side of the substrate
sensor which is opposed to that side of the substrate member on which said

10 detecting members are arranged.

It is also possible to provide a substrate wafer having contact pads not provided with

solder balls.

This way, the manufactured modules can be readily used in the manufacture of

electronic devices, e.g., it can be used as a surface mount device.

15  In one embodiment which may be combined with one or more of the before-addressed

embodiments, the method comprises the step of
f) separating said wafer stack into a multitude of separate modules each comprising
— a portion of said substrate wafer;
— at least one of said detecting members;
20 e a portion of said spacer wafer;
— at least one of said transparent portions;
— a portion of said blocking portion.

This way, separate opto-electronic modules are obtained in a very efficient way. The
separating (or dicing) can be accomplished by, e.g., by means of a mechanical tool such

25  as a wafer saw or a punch cutter, or by means of a laser.



at | east one of said transparent portions; a portion of said bl ocking
portion. This way, separate opto-electronic nodules are obtained in a
very efficient way. The separating (or dicing) can be acconplished by,

e.g., by means of a mechanical tool such 25as a wafer saw or a punch
cutter, or by neans of a laser. - 12 - In one enbodi ment which may be
conbined with one or nore of the befer#&z2addressed enbodi nents, the nethod
conprises the step of providing a baffle wafer arranged next to said optics
waf er on that side of said optics wafer which is opposed to that side of
said optics wafer on which said 5spacer wafer is arranged, said baffle

waf er coniprong emgodimentiwhich ey ogf cqrrrbamlpaﬁeme of egieprfshe Wﬁ@p@dﬁresqeép d) is

repl aced QP(boElhﬁ"en? gjgn%ftho%c)oglr %éﬁ%pa?fvmfer stack in which said spacer

wafer is arrange {Ween Sar e wafer and said optrcs waf er such

that - sai d; det ey iy NEHELALRLS g@grgﬂngsea% BELOSER, SRl Subgiat e varer and

said opti erel n e I's arran e ween said
baf fl e waf er a:pdcsaeafd wgipeics bpp@be to. th:Byud&mﬁsrsd quc& Imfel‘nafxmmchvmfder, it is
possible to limt an. an Iar dent on said

Dot & Taver chreehterl Mt AR bt ap e s imbd St ot Y o
mul titude of dgli@stion nenbers.

wherein step d) is replaced by the step of

d’)  preparing a wafer stack in which said spacer wafer is arranged between said
substrate wafer and said optics wafer such that said detecting members are
10 arranged between said substrate wafer and said optics wafer, and wherein said

optics wafer is arranged between said baffle wafer and said spacer wafer.

By means of the baffle wafer, it is possible to limit an angular range within which light
incident on said baftle layer can enter the modules and/or reach at least a portion of said

multitude of detection members.
15  More particularly, said baffle wafer is a wafer referred to as baffle wafer.

Typically, each of said transparent regions or each of a portion of said transparent
regions is associated with at least one of said detecting members; and/or, if said
emission members are provided, each of said transparent regions or each of a portion of

said transparent regions is associated with at least one of said emission members.

20  Said transparent regions can, e.g., be formed by holes through said baffle wafer and/or

by material transparent for light generally detectable by said detecting members.

In one embodiment referring to the last-addressed embodiment, said baffle wafer is
partially or even substantially made of a resilient or of an elastically or plastically

deformable material. E.g., a foam or a foam-like material can be used.

25  In one embodiment which may be combined with one or both last-addressed
embodiments, the material of which the baftle water is substantially made is a hardened

hardenable material (in particular a cured curable material), €.g., a polymer-based



15More particularly, said baffle wafer is a wafer referred to as baffle
wafer. Typically, each of said transparent regions or each of a portion of
said transparent regions is associated with at | east one of said detecting
menbers; and/or, if said em ssion nenbers are provided, each of said
transparent regions or each of a portion of said transparent regions is
associated with at |east one of said. em ssion nenbers. 20Said transparent
regions can, e.g., be formed by holes through said baffle wafer and/ or by
material transparent for light generally detectable by said detecting
menbers. In one enbodi nent referring to the | ast-addressed enbodi nent, said

baf fl e wWafféridl §uc%§ bh Soky r@ln. RBRNhaA YOS @dﬁfb'l@t'oleO\JMﬁatQB iR Hafifehéd ent or of
an el astical | Iastlcall defornmable material. E.g., a foamor a

f oam | i ker gwE fStim&lt %mﬁtebél ‘ElSeédl’entZSI n one enbodi ment whi ch may be conbi ned
with one or both | ast-addressed enbodi nents, the material of which the
baf f | e wah ere ¢rabosliypent athich aayypesaerbined with loae eener o dredbisalise naterial (in

parti oul gfiads SHERMANEAD LR ITHELLRI L obfi usifl Qpépn@ﬁfongﬁ&c% - 13 -

materi al such as an epoxy resin ossi bl e to provide that

the h te, eri
Iezbo dsne‘;}{:. gf\?\ﬂgg?]o%m&“ (»v‘ﬁflh %rﬁ e coﬁqgﬁeﬂ'ggtﬁ roh@l)r rln§re o?il#el ﬂ?ﬁﬂg%‘ﬁ‘?g’ee%g

be conbined wt ne or nore
| ast - add reerbséldweetsbtbd metnd somprives b fdirg avadfer Wh'u;h oot @imiehtios bhgpidy
repli cat| be cco d with one or
more of tA f%auerr 3%“? ‘%ﬁﬁsw fer?ucgﬁ c??%acﬁrt‘ ée retf‘?'n mg’bnr?gr PUSs provi di ng
a wafer whifeh is a conbination of said baffle vvafer and said optics wafer.
Such a wafer can be referred to as "conbined optics wafer”. In one
enbodi ment OW’lérﬁ‘llibdh‘Eé)m bhich ardyibe e dmbintd with@neor moreef die fivedadiiatd@essed

I r
ast- add e%o&mems the method comprises the step of manufacturing said blocking portion
and said baftle wafer as a unitary part. This may, in particular be accomplished using

replication.

Combining wafers (and, correspondingly, the respective members) usually allows to do
with a relatively little number of manufacturing steps and in particular with a relatively
15 little number of alignment steps. This may simplify manufacture and/or result in

modules of higher precision.

In one embodiment which may be combined with one or more of the before-addressed
embodiments, the said substrate wafer substantially is a printed circuit board assembly,
more particularly a printed circuit board on which at least one active optical component

20 is mounted. This way, the well-known techniques of printed circuit board fabrication
can be used for the manufacture of said substrate wafer. A printed circuit board
arrangement (PCBA) comprises a printed circuit board (PCB). It can be merely a
printed circuit board or (more typically) be a printed circuit board with one or more
electrical or electronic components mounted thereon, wherein said one or more

25 components may in particular be active optical components such as said detecting

members and/or said emission members.

Contact areas for electrically contacting said detecting members and, if provided, said

emission members, and contact areas electrically contacting said modules from the



10 enbodi nents, the nethod conprises the step of manufacturing said

bl ocking portion and said baffle wafer as a unitary part. This may, in
particul ar be acconplished using replication. Conbining wafers (and,
correspondi ngly, the respective nenbers) usually allows to do with a
relatively little nunber of manufacturing steps and in particular with a
relatively 15little nunber of alignnentdsteps. This may sinplify

manuf acture and/or result in nodul es of higher precision. In one enbodi nent
whi ch may be conbined with one or nore of the before-addressed enbodi nents,
the said substrate wafer substantially is a printed circuit board assenbly,
nore par tdmsidemnﬁ)cleatrpali aohadtiony (vertitallyd acrdssaaidwhbsthateavaftraas thusibe acti ve

opti cal qp@nent Oi s mounted. This way, the well-known techni ques of
printed C|? PO o fabrication can be used for the manufacture of said

or i nt o Ay K548 pes S AneRE e PurGT T bRt boara or

(rmore typetdd.ly) be a printed circuit board with one or nore electrical or
el ectroni c conponents nounted thereon, wherein said one or nore

25conponerifeopiBdiedidnRandduladoatprie@ acti ve optical conponents such as said
detecting nenbers and/or said em ssion nenbers. Contact areas for

el ectrically qapbsaatet Ng said detecting nenbers and, if provided, said

enm ssion nmenbers, and contact areas electrically contacting said nodul es

fromthe - 14nupQutrdtir afshel @&IeFdll@%Jara@l@ﬂB%H'sﬁ’t%%at@vert ically) across
sai d substrate mafer can thus be readily provided. In fact, this |leads to

anot her - (S€conUicBtRAfm Ol ok BYGRE G Wtkhle Whd daidPpul skHssed bel ow.
5The opto-el ectroni ¢ nodul e conpri ses
mounted on said substrate, for detecting light having passed through said optics

10 member;
— a separation member arranged between said substrate and said optics member;

wherein said optics member comprises at least one transparent portion transparent for
light generally detectable by said detecting member and at least one blocking portion for
substantially attenuating or blocking incident light generally detectable by said

15  detecting member.

Such a module can provide a particularly good manufacturability and a particularly
accurate and/or simple alignment of constituents, and it can be designed to be very

small.

Said detection member may, generally, be comprised in said substrate or be not

20  comprised in said substrate. In case the detection member is comprised in the substrate,
one could rather and more clearly say that the detection member is arranged “on a side
of said substrate facing said optics member”, instead of arranged “between said

substrate and said optics member”.

The invention comprises opto-electronic modules with features of corresponding

25  methods according to the invention, and vice versa also methods with features of



a substrate; an optics nenber arranged generally parallel to said

substrat e; a detecting nenber arranged between said substrate and said
optics nmenber, nmounted on said substrate, for detecting |ight having passed
t hrough said optics 10nmenber; a separation nenber arranged between said
substrate and said optics nenber; wherein said optics nenber conprises at

| east one transparent portion transparent-for |ight generally detectabl e by
sai d detecting nmenber and at | east one bl ocking portion for substantially
attenuating or blocking incident |ight generally detectable by said

15det ecti ng nenber. Such a nodul e can provide a particularly good

manuf act woabigohdiyig 8ptd-etecpasit npdlias. |Symepetifat @ntadihants citnphedddsiagy unent  of
constituents, and it c%n be designed to be very small. Said detection
menber neyPligEheteastied 9818%We onpri sed in said substrate or be not 20conpri sed

in said substrate. In case the detection er is co ised in the
subst r at el hegdgangasst of the fedplenbagicalby %’@F@&Hﬁ‘;‘?@ éﬁ}vaf‘ﬁ&?sn%)gﬁ@“ﬁsé’f’% t% on menber

i s arrangggdhodind@viekJ&spf said substrate facing said optics nmenber"”,
i nstead of arranged "between said substrate and said optics nenber"”.

The i nvent ixR0eG05HER DT tHRRAQIUE! 8Fd §QRafolREMbESs WrdnBed Baldersgig of
correspondi ng 25met hods according to the invention, and vice versa al so

met hods wdetektiigmempers of - 15 - correspondi ng opto-el ectroni ¢ nodul es.

Sone specific enbodi nents of the nodules are explicitely descri bed bel ow.
In one embodiment of the module which may be combined with the before-addressed

embodiment, said at least one blocking portion is made of a material which substantially
attenuates or blocks light generally detectable by said detecting member. In particular,

10  said material is a thermally cured material.

In one embodiment of the module which may be combined with one or more of the

before-addressed module embodiments, said substrate is a generally planar substrate.

In one embodiment of the module which may be combined with one or more of the

before-addressed module embodiments, said substrate is a generally plate-like substrate.

15  In one embodiment of the module which may be combined with one or more of the
before-addressed module embodiments, said optics member is a generally planar optics
member, at least when disregarding possibly existing protruding lens member portions

or protruding portions of other passive optical components.

In one embodiment of the module which may be combined with one or more of the
20 before-addressed module embodiments, said optics member is a generally plate-like

optics member.

In one embodiment of the module which may be combined with one or more of the
before-addressed module embodiments, said separation member is a generally planar

separation member.

25  In one embodiment of the module which may be combined with one or more of the
before-addressed module embodiments, said separation member is a generally plate-like

separation member.



The advant ages of the nodul es basically correspond to the advantages of
correspondi ng net hods and vice versa. 5In one enbodi nent of the nodul e,
sai d separation nenber is arranged beside said detecting nenber. In one
enbodi mrent of the nodul e which may be conbined with the before-addressed
enbodi nent, said at | east one blocking portion is made of a material which
substantially attenuates or bl ocks |ight generally detectable by said
detecting nenber. In particular, 70said material is a thermally cured
material. In one enbodi nent of the nodul e which nay be conbined with one or
nore of the before-addressed nodul e enbodi nents, said substrate is a

gener al | ylnpinarabodiniosttat alieenodute whieh enab bel corelhedoith tnge ormehurt of thi ch may be
conbi ned ﬁﬁlh qne 05 n?re og %he before-aqdressq% dul e enbodi nents, said
subst r at e* ¥ FIGENRET BOHYIE STRPUMEPR L FHRFFOP &ITKT HaSHE OBMBBHi ment of t he
modul e whohing8 )T ybiealtyQ 841t Baektitigtnienthee isQiraidt én e dfkesbepadigsaddr essed
nodul e enbodi nents, said optics nenber is a generally planar optics nenber,

at | east e etibsdiggarodtititgn@RESwWhikl max bs térigndd With siel di@ndresthgenber
portions or. protruding portions of ofher passive optical conponents. In

one enbod?siRRRdgessEhmOfya sMBOdMERE SH\PPHE YA ﬁ%sw tR28H" or nore of the
20bef or e- Aadb& SEEBnTFRRM Lo RITRAHbTER inicSRl, dai@ B 148 oRENB&nd Sorfopener al |y

plate-1ike optics nmenber. In one enbodi nent of the nodul e which may be
conbi ned #idishidgprardion msmbepgre Mpaufseinedas ayoitasy saH erepdising retisgiiinnent s, sai d
separation nenber is a generally planar separation nenber. 25In one

enbodi menin o9¢ emhedinge of roiprdule Weigh may bepdstiesd with epegrianase obthe e of t he

bef or e- ad&ﬁ”&é-%@&’re&?@%@ulﬁgﬁe}i}&ﬁiﬁ@ﬁ&,ssaid%%iegﬁr?ge&é}ﬁ@&iisozl”'pAZEXQ%Q’élelzéicé‘l general Iy

pl ate-1i ke separation ne r.
10  component, e.g., an SMT device.

In one embodiment of the module which may be combined with one or more of the
before-addressed module embodiments, except for the last-addressed embodiment, said
detecting member is an unpackaged electrical component, ¢.g., a flip chip or a chip

attached to said substrate by wire-bonding.

15  In one embodiment of the module which may be combined with one or more of the
before-addressed module embodiments, said transparent portion comprising at least one

passive optical component, or, more particularly, at least one lens member.

In one embodiment referring to the before-addressed embodiment, said at least one
passive optical component (or said at least one lens member) comprises at least one

20  optical structure (or at least one lens element), wherein said at least one optical structur
(or said at least one lens element) is at least one of made of a hardened hardenable
material and obtained using a replication process. In particular, said hardened
hardenable material is hardened by at least one of heating and irradiating with light, in
particular ultraviolet light. More particularly, said hardening is a curing. Said replication

25  process may comprise an embossing step.

In one embodiment of the module which may be combined with one or more of the
before-addressed module embodiments, said substrate and said optics member are fixed

to each other via said separation member.



- 16 - In one enbodi nent of the nodule which nmay be conbined with one or
nore of the before-addressed nodul e enbodi nents, said separation nenber
has one or nore openings. Typically, said detecting nmenber is arranged in
one of these openings. In one enbodi nent of the nodul e which may be

conbi ned with one or nore of the 5before-addressed nodul e enbodi nents, said

optics nmenber and said separation ner are conbined in one nenber. In
particular, said at | east one bl ocking portion and said separation nenber
are manufactured as a unitary part, e.g., using replication. I n one

enbodi mrent of the nodul e which may be conmbined with one or nore of the

bef or e- ad(ﬁroggéﬁgocﬁmgﬂlo?th%mqiem{u}?ma}s@ &n%e%%iitm&er@mé of e @ packaged
a conp t e.g., an

electric onent, e.g SMI “device. In one enbodi ment of the
nmodul e whiefdie-addresser modrié erabbdinerits, orid separation enegtbet ¢rdergle fehstantidbr essed
nmodul e enfbodi ments eeg<ocsgpito£f[i IO hgerl ast - addr essed enbodi nent, said

C

det ecti ngmrrrréS le?ul)|5f§man unp agela el ectrical conponent, e.g., a flip chip

or a chip attached t i d subst,.ate by w r.e-hondi .15 e enbodi nent
o fhe it ARt of B RRAUH Al Sete Hrftfied S 1k oc it B BB
bef or e addfesaddiessariubduleerhodiinens, Said Sgiachtibn areaibar Brpluedos sdidoptesnpri si ng at

| east one ssi ve optical conpopent, or, nor articularly, at,|east one.
| ens. mandBBTOS ACHSEL A FanE. PORE o, tEEM TG ik s G sdlably

enbodi nendyoxyBREid. at | east one passive optical conponent (or said at |east
one |l ens nmenber) conprises at |east one 20optical structure (or at |east

one | ens 1gbaABALIdIm¥MIBF Bk todl@iedviath heasd copinedPiitiCatle s¥tioi€biuhe (Or sai d at
| east one lens elenent) is at | east one of made of a hardened hardenabl e

mat eri al bsfc-adtresenodis gpbodipes. isaid sehshatpr grdetics msmberand stidar , sai d
har deped s@ﬁd}gﬁl{@ﬁ%nﬁ)e%%? b@erdl$ bRRK I HRMe - B¥e %Fé,%%stgﬁ‘i@ s%%arehﬁ@t ing and

irradiating w light, in parficular ultraviolet |ight. re particularly,
sai d har desmireg hivingaat deasi ang holaingdartsplar wherewrsaigdolarxéads taguebsadr i se an
enbossi ng, . [ Bfe By Whi LR B fRNbined with
one or W%Féaggﬁgtﬁ%b%gﬁgﬁe@%idg%%ggertr%%glpg}ﬁg%o}é%%entg, sczft‘l9 lsft}lggtrate and
sai d optiackieym@nber are fixed to each other via said separation nmenber.

In one embodiment of the module referring to the before-addressed embodiment, said

15  detecting member is arranged within said hole.

In one embodiment of the module which may be combined with one or more of the
before-addressed module embodiments, wherein said substrate, said optics member and

said separating member have rectangularly arranged outer surfaces.

In one embodiment of the module which may be combined with one or more of the

20  before-addressed module embodiments, lateral dimensions of
— said substrate;
e said optics member;
— said separation member;

are substantially identical, in particular wherein the lateral dimensions of said module

25  are substantially identical therewith.

The term lateral dimensions refers to dimensions measured substantially perpendicular

to the direction in which said substrate and said separation member and said optics



- 17 - In one enbodi nent of the nodule which nay be conbined with one or
nore of the before-addressed nodul e enbodi nents, said separation nenber
extends substantially fromsaid substrate to said optics nmenber. In one
enbodi mrent of the nodul e which may be conmbined with one or nore of the 5
bef or e- addressed nodul e enbodi nents, said separation nenber is glued to
said optics nenber and to said substrate,-e.g., by nmeans of a thermally
curing glue, e.g., a suitable epoxy resin. In one enbodi nent of the nodule
whi ch may be conmbined with one or nore of the before-addressed nodul e
enbodi nents, said substrate, said optics nenber and said 10separating
menber arleembergeermlba:lqbgmllyIaccaxkgedoWitb ltizet latetal katesdiapensiomtof bemsatesai d

separatin nenbe t one h a | ar wherein said hole
extends tRPSUGH %*ﬁgéé%§?8? Wgﬁb Sug*ﬁpgl%&% ngqﬁs possible that a
particuIahhmﬁgmﬁdmn@nmﬂﬁﬁﬁmmmhkgnﬁ&yeﬁmaﬁhleved I n one enbodi nent of
the nodul e referring to the before-addressed enbodi nent, said 15detecting

menber i sinahé angedimeahtdfiite Baiutt wWisitiemay Be odabiasdoeilh 68 dr ntdre bhie nodul e whi ch

may be C e e or re of the hefore-addressed nod

enbodimert ”Eoreaﬁw(ﬂmga igeEhpimeaedh e@aihﬁe PP %%lé%%wamﬁa‘farsepar ating
nmenber  haw@uing Gighubany Net@h A 19eai Pdti&fing Hefdees . I n one enbodi nment
of the nodul e which may be conmbined with one or nore of the

20bef or e-1adaE easeAmERyetcRing T AL IbERAL &ddrdsddddnModhdR e 1A R ;fahmwfd
substrate; said optics nenber; said separation nmenber

subst ant i Said sgparefepomeraber is arapgaditieryaca saidismission mgseber atde%aai deéﬂcﬁé&m ons of

sai d mdy}h&nber for reducing optical cross-talk between said emission member and said

10  detecting member.

In one embodiment of the module which may be combined with one or more of the
before-addressed module embodiments, said detecting member is encircled by said

separating member.

In one embodiment referring to one or more of the before-addressed module
15  embodiments comprising an emission member, said emission member is encircled by

said separating member.

In particular, it can be provided that a portion of side walls (circumferential side walls)

of said module are formed by said separation member.

In one embodiment referring to one or more of the before-addressed embodiments

20  comprising an emission member, said optics member comprises at least a first and a
second lens members comprising at least one lens element each. In particular, it can be
provided that said first and second lens members form a first and a second transparent
portion, respectively, of said optics member, and more particularly, wherein said first

and second lens members are surrounded by said blocking portion.

In one embodiment referring to the last-addressed embodiment, viewed in a direction

e
(W3]

generally perpendicular to said substrate (vertical direction), said emission member and

said first lens member are arranged one afier the other, and said detecting member and



25are substantially identical therewith. The termlateral dinensions refers
to di nensions neasured substantially perpendicular to the direction in

whi ch said substrate and said separation nmenber and said optics - 18 -
menber are subsequently arranged. Wth the |lateral outer dinmensions of
substrate, optics nmenber and separation nmenber being substantially
identical, the manufacturability of thg nodule is greatly enhanced. In one
enbodi ment of the nodul e which may be conbined with one or nore of the 5
bef or e- addressed nodul e enbodi nents, the nodul e conprises an eni ssion
menber for emtting light generally detectable by said detecting nmenber. In

one enbodhigBedond R flchiber 40 afriifzed Shoifer Bddiies Sudh eradierinbe vay | east a
portion of said separation nenber is arranged between said em ssion nenber

and sai d smatl @ed highlydwieienalf or reduci ng optical cross-tal k between said

em ssion nmenber and said 10detecting nenber. In gne enbodi nent of the
modul e whf ere ¢ralpdivacnd shie magulgi whichoRay bt comfriredarith ¢ng op g -t dr essed

modul e epRAL MRRLSed etk dRbEEhiNE sHRIRSSioh chibel fs@lpackaByd Qadideasepar at i ng
menber. I'n one enbodinment referring to one or nore of the before-addressed

modul & 1Sembodnires:.snSdhpdévdeng an emi ssi on nenber, said enission nmember is
encircled by said separating nenber. In particular, it can be provided that
a porti onin ofic @nlidimesit pEthe siadolgrfhaetemey be combiredweith atp opmoseefdhérodul e are
fornmed by _said, se ' [ ' one or
nor e of %ﬁ%“%%¥§?%%%ﬁ$?§£%g§ﬂ%%Ig%%ﬁ@%ﬁgg%gggﬂ%?ﬁg%ﬁgﬁé%&%#?gg?%ﬁ menber
sai d opt ilsaddeadet erslanipnés.esidatmibg@shermbdriis gt unpadkaged electrical

component, e.g., a flip chip or a chip attached to said substrate by wire-bonding.

70 In one embodiment of the module which may be combined with one or more of the
before-addressed module embodiments comprising an emission member, said emission
member, said optics member and said detecting member are structured and arranged
such, that when light emitted from said emission member having passed said at least
one transparent portion and having been reflected by a surface located outside the

15  module and having passed said at least one transparent portion again is detected by said
detecting member, an amount of the so-detected light depends on a distance of said

surface to said optics member.

Therein, said surface located outside the module usually will be located near said optics
member, €.g., in typical applications, in a distance below | m, more particularly below

20 20 cm or even below 8 cm.

In one embodiment of the module which may be combined with one or more of the
before-addressed module embodiments, said separation member is made of a material
which substantially attenuates or blocks light generally detectable by said detecting
member. This can be particularly helpful when the separation member is provided for
25  substantially attenuating or blocking light generally detectable by said detecting
member, but incident from a side of the separation member opposed to a side of the
separation member facing said detecting member, from being detected by said detecting

member.



second | ens nenbers conprising at | east one |l ens el enent each. In
particular, it can be provided that said first and second | ens nenbers form
a first and a second transparent portion, respectively, of said optics
menber, and nore particularly, wherein said first and second | ens nenbers
are surrounded by said blocking portion. 25In one enbodi nent referring to
the | ast-addressed enbodi nent, viewed pno a direction generally

per pendi cul ar to said substrate (vertical direction), said em ssion nenber
and said first |lens nmenber are arranged one after the other, and said
detecting nenber and - 19 - said second | ens nenber are arranged one after
t he ot her UsiBlig)saal sepataticn manbdoés noes porsinmbf saichahbltraghdng foumpértiomef . I n one

enmbodi nent . of 't he dule which. be conbjned wi.th one or nore of the
before-adﬁW%%%gﬁnﬁgﬁﬁfiyggabbng%¥??“@bwaméﬁ¥§§P%h“%%%%er is a packaged

el ectrical 5conmponent . n devi ce.,.In, one enbodi ne of the nodul e
ot o maonsReSRREMERh ofaenad Bt wRth sRE bk ESihath BB i S EEERE roan ¢
enbodi menb&ore Aidiicbstl RPHIaR eaIboSiGicaid, SARINBEIraticdhi@mber it Idalt@nt afhadddr essed
enbodi ment, said em ssion nenper hg an unpackaged el ectrical conponent,
e.g., a frighasdenpd bardepaplimaterial andipbipined using ¢ replisationarecesy Mt e- bondi ng. 10

In one enpRGiuIRRL sd2d hdrh&ifd dlcBrif L hrii®Yar PRI RRR AP Rar¥érb e @Al nore of
t he before-addressed nodul e enmbodi nents conprising an em ssion nenber, said

eni ssi on {(Peawed curgllp)ras e herdened kpsed) &y @prlgadoniedtheat i ng nmenber are
structured and arranged such, that when light emtted fromsaid em ssion
menber halpiang ephsdisgnisitee medulewkich Bygi be cembiped Witk oproertp@nobthe havi ng been

ref | ect edy iy 34§uEL AR | REAHEGmRHE ShfiS: 1A géggg,gsgg.%ggmi&gyi ng passed said

at | east one transparent portion again Is sal d detecting
menbetq asbstamiahy nwide phepadpmeebasat matctidlghg., dependsy wanzordi parieda of sai d
surface t&fsqﬁgh%F%ﬁqgmnﬁ er. Therein, said surface | ocated outside the
nodul e usuéViy wi 9 e’ tocat ed near said optics menber, e.g., in typica

applicatigns,, . i st-anc I particul arly below 20 20 cm or
even bel oj\?\llogegﬁgoﬁlﬁggﬁ&%ﬁ%@%ﬁ\g% Agg}tb gg(;‘ﬁ%g%{gu%?ec npr(roe{‘f/g tgeconbi ned with
one or noseforefadilkessed efodule emtlodiessteGaiitd ithe ceablodking pbsipn 8&ai d separati on

menber is made. of a materi.al ich substantial |y attenuates or bl ocks |ight
generally“%%?ggﬂéﬁfgeB a%%?ﬁm§%§%ngﬁﬁﬁﬁ@ﬁﬂg?m s"*¥8n be particularly
hel pf ul en th epar ati on nber i s provided for 25substaptially
et Bntiat | RgTe B BERTG e BT RRE iy B S UERLERh of T IO At ect | ng
before-addressed module embodiments, said substrate provides at least one electrical
connection from said detection member across said substrate. This is an elegant way to

electrically contact (from the outside) active optical components located within the

module.

20  In one embodiment of the module which may be combined with one or more of the
before-addressed module embodiments, said substrate is a printed circuit board
assembly. Since this printed circuit board assembly is a constituent of a package,
namely of said module, it can also be referred to as an interposer with at least one active
optical component mounted thereon. The printed circuit board (PCB) material may, e.g.,

25 be arigid or a flexible PCB matenal, a fiber-reinforced or not fiber-reinforced material,
it may be epoxy-based such as FR4 or polyimide. Active optical components may be
mounted on the PCB, e.g., by means of wire bonding or soldering. The same applies

also to the PCB of the PCB assembly possibly constituting the substrate wafer.



menber, but incident froma side of the separation nenber opposed to a side
of the separation nenber facing said detecting nenber, from being detected
by said detecting nenber. - 20 - Usually, said separation nmenber is not a
portion of said substrate and not a portion of said optics menber.
Typically, said separation nenber is a unitary part In one enbodi nent of

t he nodul e which nmay be conbi ned wi th sane or nore of the before-addressed
nodul e enbodi nents, said separation nmenber is at |east one of nmade 5of a
har dened hardenabl e material and obtained using a replication process. Mre
particularly, said hardening is a curing. In particular, said hardened

har denabligusamf, &f leah ofdf seidide@ctivigradhie) asdsaidenisdomamter(is cleadyallyy
application of heat, In one enbodinggé of the nqdule whi ch be conbi ned

Wi th one copnesisAdo grd ubglraiememacrayaicalbsbash WA deaesrelistedy g ar 1 east
one trangpangnbiderhd, b9 Rure katst&aﬂbiog+ (M Tpstayafip2hipatsiogpeswd materi al ,
r

e.g., of an époxy resin, or in particular of a cured curable material. In
one enbodvireebrandt®. t he nodul e which may be conbined with one or nore of the

bef ore- addressed nodul e enbodi nents, said at |east one blockjng portion is
subst ant ilabhyempadémertt ofithg togisrwhiehsaey brogoatbingd with qgie or groreef theyoxy resin. is
In one e L {H?Q&&l" e SHRYe REnpFRED 186k Mbkhbeone or nore of
the befo?gg%g%g?dgéségjdn%%% e erlrlﬁ%n:g?nenps, esa'i &]%s_ubstrate pr%vi des at |east
one el ectariangd nextrinsod bpursfeprhesen Baidideadispid @phesembes hesdids sai d substrate.

This is an el egant to.electrical tside) active
opti cal Cogﬁ%s(gﬁg%hgt SI\M;%OzgtS%’ ° “%Srwer?%ieﬁ!é%ﬁggﬁ}%ggi‘%;#ﬁ%gﬁ) gﬁgodi nent of the
nmodul e whinghgeRYhdigafombinbadambé firotueedomd moreged ffort fretebmhdram addr essed

nmodul e enbqdi ts,. said supstrate is rinted circhit board.assenbly.
Si ncé% hi@gﬁ‘rg‘gﬂ%l&’ ‘é‘ipf"éiﬁiﬂts“ 68%“38%8%@? etf%mﬁné%nr?gfﬁ rﬁ]eurll]? %g? 42 package,
namel y ofjigaahg/sodbh@etidningCannaps&arde referred to as an interposer with at
| east one active optical conponent nounted thereon. The printed circuit

board ( PGBhndBhEsdidknt BBdhe nfoddie refofing 16 thgilght-addresséd mudit emP&Bmemt eri al , a
fiber-reinforced or not fiber-reinforced materjal,..it maﬁ%be epoxy- based

such as Rfebasile pempers ptialyarieyen YFerLly s Bhait SNy °b& mount ed on the
PCB, e.g 'e’laspé’all%?:gﬁistﬂ:fally\’liéfgrn%%ﬁgrié?ﬁ”}ﬁg&ﬁ%|h_@§)ful,Té'l§., SAfEmappinges al so to
the PCB of the PCB assenbly possibly constituting the substrat t? wafer. -
21 - 15 the module. For example, when a moduleis arranged within a housing in mechanica

contact to a window of the housing, mounting tolerances can be absorbed by a resilient

baffle member, e.g., making the distance of a printed circuit board on which the module

is mounted to said window less critical, the resilient baffle member accounting for

variations in that distance by readily deforming and adjusting itself.

20  In one embodiment of the module to be combined with one or both of the last-addressed
module embodiments, the baffle member and the optics member are combined in one
member; in particular, the at least one blocking portion and the spacer member are

manufactured as a unitary part, e.g., using replication.

In one embodiment of the module which may be combined with one or more of the

25  before-addressed module embodiments, wherein the module is a proximity sensor.

The appliance comprises a multitude of modules according to the invention. And the
appliance comprises a substrate wafer, an optics wafer, a spacer wafer, wherein the

multitude of substrates is comprised in said substrate wafer, the multitude of optics



Usual Iy, at |east one of said detecting nenber and said em ssion nmenber is
electrically connected to said substrate nenber, typically both, wherein
this can be acconplished, e.g., by soldering, by surface nount technol ogy
(SMI) or by flip-chip technology or by wire-bonding. 5 In one enbodi nent of
t he nodul e which may be conbined with one or nore of the before-addressed
nodul e enbodi nents, the nodul e conpr+ses -a baffl e nmenber arranged next to
said optics nenber on that side of said optics nenber which is opposed to
that side of said optics menber on which said separation nenber is
arranged. The baffle nenber can be structured and arranged for protection
f r om 10unmdarsherssid compyised in aidogptics wafegthd ronltiprde b€ sdpaanonfmembersdet ect i ng
menber fQoglun esiﬁgd qu?t gnd/or for Functiqgin%.gs n aﬁﬁrgqée. I n one
embodi merfPBESEHARSHERIFE Vo PYaHE IS PRAAICR ST SfPEidEade BT P8 nbodi mrent
t he baf f [/endBodIBL all Sid@kifeisakd yenorallg pRAarsnb gtaundliyadidky orplde-shhped, nesi | i ent or
of an elastkgﬂkly.or gjasﬁically deforpable material. This can be hel pful,
e.g., WhéRSRHIRIPHE YEEHE It dispardnspgsrialy Giibine Aroryditees s ar ranged
Wi thin ahosst peribks (FBGBRNVeA@hIERBraGhe poHidnMIPHANAptitdIRoMpbihig, nounting
tol erances can be absorbed by a resilient baffle nmenber, e.g., naking the
di st ance ot eRcibiidd&EeCompHids ahPiated cRBuiViafhaddnemsRidiRoidging Bt ed to said
wi ndow |l ess critical, the resilient baffle menber accounting for variations
in that drepaermonyed emwaid RpintRsrcowt hepre der seimple ithrgdavicsés 4 hangeheld one
embodi Mentm@funfchforMRIKE erieUePie EQIPLIOSHL X\#ﬂ%ﬁ%i@cﬁevﬁgg :gxcmas 5 Bfoto
| ast - addressed nodul e enbodi nents, the baffle nmenber and the optics nenber
are conbicamegrai n one nmenber; in particular, the at |east one bl ocking
portion and the spacer nenber are manufactured as a unitary part, e.g.,
usi ngor et is emathayaspect (seconhaspaet) efthodivension to provive amdbddfonhi ch may be
conbi ned ik AR, 8o TRESoRE mblIf2RREA S 55 Ad0ESREA FroduUl € embodi ments,
wher ei n the nodu IS a proximty Sensor. e appliance conprises a
mul ti t Udea’)Of Ht%%ﬁkn S k& Eed\!vzggr cgnow{aigﬁea Irn%’tﬁ&ée' %Ete@ﬂ%e}ng%b EQIIeI ance
conprises ‘a substrate wafer, an optics warer, a spacer wafer, wherein the
mul titude of swhgtd;ates is conprised in said substrate wafer, the nultitude
of optics - 22 -

b)) providing a spacer wafer;

15 <) providing an optics wafer;

d’)  preparing a wafer stack in which said spacer wafer is arranged between said
substrate wafer and said optics wafer such that said detecting members are

arranged between said substrate wafer and said optics wafer,
wherein said substrate wafer substantially is a printed circuit board assembly.

20  Particular embodiments of this method according to said second aspect are readily
conceivable when combining this method with the methods described above, including
or excluding the feature that said optics wafer comprises a multitude of transparent

portions and at least one blocking portion.

Similarly, in this second aspect of the invention, the following opto-electronic modules,

z5  applhances and electronic devices are comprised:

An opto-electronic module comprising



menbers is conprised in said optics wafer, the multitude of separation
menbers is conprised in said spacer wafer. Usually, said appliance can be
considered a wafer stack. And usually, all said wafers are generally planar
and general |y disk- or plate-shaped, in case of the optics wafer at |east
when di sregardi ng possi bly existing protruding | ens 5nenber portions (or
nore generally protruding portions af sgassi ve optical conponents). The

el ectronic device conprises a printed circuit board and a nodul e accordi ng
to the invention nounted on said printed circuit board. For exanple, the
device is a hand-held comuni cati on device. The device could also be a

phot ogr aphi ¢ fAgyieRe sbsEhiAT bRinpAGkAtea @IFekiBboatdiskerhilyanot her aspect (second
aspect) of the invention to provide a nethod for nanufacturing

opt o-el ectr 0an%pGPQMIs%ﬁVXgiaﬁ%ng%&mﬁﬁﬁalteht% sieRssiate;a’ ) providing a

substrate wafer "on whic t1tude of detecting nenbers are arranged; b')

provi di ng_a spaGefin Al ADRIPIAVHIRA 25 ARlHE UBHEE mkiReRr epari ng a
waf er stack i‘n whic salg.spaéer waf er i s arranged between said substrate

waf er and sairdowyd @ssakbfubstrasas €dr deteatingslaght halengpassedghroughbeidsopdiee ar r anged

betmegn said subﬁgrate waf er and said optics wafer, wherein said substrate
waf er substaﬂ??ﬂ.ﬁy is aprinted circuit board assenbly. 20Parti cul ar

enmbodi nrents of this nethpd accor.di to .sai,d d. di

ponfehyabTe Wﬁ?ﬁ?@%ﬂb?ﬁ?ﬁﬂ”?@?%ﬂg%ﬂﬁﬁﬂgﬂﬁ?ﬂmyﬁg%ﬁg%ﬁgégﬁgéggﬁgbégaakoze,

i ncl udi ng or excluding.the feat t hat i d. i f; i

1t uaBn GpPIE G S e Agay e mhd e S s R g S B Bl TR P
invention.

An electronic device comprising a printed circuit board and a module according to the

10  second aspect of the invention mounted on said printed circuit board.

Particular embodiments of these opto-electronic modules and appliances and electronic
devices, respectively, according to said second aspect are readily conceivable when
combining these with the opto-electronic modules and appliances and electronic
devices, respectively, described above, including or excluding the feature that said

15  optics member comprises at least one transparent portion and at least one blocking

portion.
MORE GENERAL VIEW:

It is to be noted that it is possible that a wafer (“combined optics wafer”) is provided
which is a combination of the described optics wafer and the described spacer wafer.

20  Accordingly, then, the spacer wafer is optional, its properties and functions are fulfilled
by an optics wafer which is structured and configured accordingly. This can be
accomplished, e.g., by manufacturing as a unitary part: what is described above as
spacer wafer and what is described above as at least one blocking portion. Analogously,
a “combined optics wafer” can be provided which can be understood as a combination

25  of the described optics wafer and the described baffle wafer. And, it is also possible to
provide that the “combined optics water” can be understood as a combination of the

described optics wafer and the described spacer wafer and the described bafile wafer.



Simlarly, in this second aspect of the invention, the follow ng
opt o-el ectroni ¢ nodul es, 25appliances and el ectroni c devices are conprised:

An opto-electronic nodule conprising - 23 - a substrate substantially
being a printed circuit board assenbly; an optics nenber arranged generally
parallel to said substrate; “a detecting nenber arranged between said

substrate and said optics nenber, nmournged on said substrate, for detecting
| i ght having passed through said optics 5Snmenber; a separation nenber
arranged between said substrate and said optics nenber. An appliance
conprising a nmultitude of nodul es according to the second aspect of the

i nvent i orCorrespondifglyelt écposgbie chatl @ vieadbecio ppovided vhich iph cathigdativinrofthet board and

a nodul e accordi to the 10secon spect. of the invention nmounted on said
o1t e APRERRE o e e e e e OET RSB WoeItBEs r oni o
modul es agsiraApRInhaiees iphichadli8Gidpenics astefih&iRss afcaBIBEEd byl dpticaccording to
sai d second aspect .are readily concei vabl e when conbi ning these with the
opt o- el e@IBET ®hih dutRstussdpnd spiearrdescoudigelyt Bus ravheacensmnlishad, e-g.,

respect i wehhnufie®sing ReSuRRAYSart: WAGH 1Y 8EBEbQ abBUCisUdbRdioh henftepli € that said
150pti cs nmenber Qqurlses at |l east one transparent portion and at |east one
bl ocki ng W8t isidessribed above as at least one blocking portion. An alternative or additional

combination with the baffle member is, of course, also possible.

In other words, it applies to any of the disclosed embodiments that the spacer wafer
and/or the baffle wafer (if at all present) may be comprised in the optics wafer or may
10 be separated therefrom; and that the separation member and/or the baffle member (if at

all present) may be comprised in the optics member or may be separated therefrom.
The more general method accordingly reads as follows:

A method for manufacturing opto-electronic modules, said method comprising the steps

of |
15 A) providing a substrate wafer on which a multitude of detecting members are
arranged;

O) providing an optics wafer, said optics wafer comprising a multitude of
transparent portions transparent for light generally detectable by said detecting
members and at least one blocking portion for substantially attenuating or

20 blocking incident light generally detectable by said detecting members;

D) preparing a wafer stack comprising said substrate wafer and said optics wafer.
The more general opto-electronic module accordingly reads as follows:

An opto-electronic module compnsing

— a substrate;

25 — an optics member arranged generally parallel to said substrate;



MORE GENERAL VIEW It is to be noted that it is possible that a wafer
("conbined optics wafer") is provided which is a conbination of the

descri bed optics wafer and the described spacer wafer. 20Accordi ngly, then,
the spacer wafer is optional, its properties and functions are fulfilled by
an optics wafer which is structured and configured accordingly. This can be
acconplished, e.g., by nanufacturlng_%%.a unitary part: what is described
above as spacer waf er and what is deséribed above as at |east one bl ocki ng
portion. Anal ogously, a "conbined optics wafer” can be provi ded which can
be understood as a conbi nati on 250f the descri bed optics wafer and the

d bed baffle water. And. it | t th
eombi ned-opt PégemearemieRTety Pl B BT By B0 RRRK AT ' occr bed

optics wafer apgnihen ees subsipae fSrpﬁ:Gaetmg/\ng}e hadngipdsked thiesglr sdpkoptiraf f | e waf er.
- 24 - Correspondingly, it is possible that a nenber is provided which is a
combi nati on of?*fR&hdescri bed optics nmember and the described separation
menber. Accordingly, then, the separation opt i onaI f|ts

proper t | SCEHYSAPRICS Hﬁglb%’r"‘é?mlpﬂlselslat {eéﬁ OBﬁtr%tﬁp‘Hﬁ‘tt pggno WBS TPh%h i s

structur %h%eﬁ%ﬁét%&lﬁ@b%ﬁm&écﬂﬂé dhembbli dhd GElRash Bnelsioekipd patiedfore. 9., Sby
manufacturing as a unitary part: what |s described ove as separation
menber an@bm@lly ajteenivg Ppblackingipgidgat light gengrally B‘ﬁ%"‘%t OBKS portion. An
alternati ional conbination with the baffle nmenber is, of course,
al so posdggﬁgkyﬁﬁq%%her words, it applies to any of the dlsclosed

enbodi ma%% &x{: Als b 18 B@c@%b%@rﬁ@rﬁs S H’t@thﬁ)@ﬁﬂ%@ bpB-crairbhic middurt al |

present) e conpri sed e optics wafer é 10be separated
t her efromexamcwymatvectmwwmbamnms@m@ﬁd awerﬁmsatqi pepiipnes apddser (i f at

? lhlar glkszer%etc?romc eR&. FRMRLLAEnd ngtg&%og&ﬁés&‘?oe%m arPlea B RSfeReRar at ed

onto the claims representing the depicted more general view.

Further embodiments and advantages of the invention (in its first and second aspects

and in the more general view) emerge from the dependent claims and the figures.

15
Brief Description of the Drawings
Below, the invention is described in more detail by means of examples and the included
drawings. The figures show schematically:
20 Fig. 1 a cross-sectional view of an opto-electronic module;
Fig. 2 various cross-sectional views of constituents of the module of Fig. 1;
Fig. 3 a cross-sectional view of wafers for forming a wafer stack for
manufacturing a multitude of modules of Fig. 1;
Fig. 4 a cross-sectional view of a wafer stack for manufacturing a multitude of
25 modules of Fig. 1;

Fig. 5 a cross-sectional view of a semi-finished part having a structured surface;



The nore general nethod accordingly reads as follows: A nethod for

manuf acturing opto-el ectroni c nodul es, said nmethod conprising the steps of
15A) provi ding a substrate wafer on which a multitude of detecting nenbers
are arranged; C) providing an optics wafer, said optics wafer conprising a
mul titude of transparent portions transparent for |ight generally
det ect abl e by said detecting nenbers- gyl -at | east one bl ocking portion for
substantially attenuating or 20bl ocking incident |ight generally detectable
by said detecting nenbers; D) preparing a wafer stack conprising said
substrate wafer and said optics wafer. The nore general opto-electronic
nodul e adig@rredi ngl ya tresdsecachafl Gkl 0f\an opAv-eRpireniem@diile oomprisimll e conpri sing a
substrate; 25an optics nmenbher arranged.generally parall el t% id
substrate. - 25 -ComRRBFH RS AT P ek ybarel ekt d bellBst r at e and
sai d optics nenberpempent ed on said substrate, for detecting |ight having
passed through said optics nenber; wherein said optics nenber conprises at

| east onernehrFBRRG §iboRAUELd i Mhd fiRRSRAI BREr rhddhinglatOiinngeRed althyligdet ect abl e
by said detecting nenber and at 1east one bl ocking portion for

subst a@nt icarqfgrenpersymbalsi g dsteribpdenrbadimenizirasicent as gramplenardahalinddet ect abl e

by sai d confine the invention.

Detailed Description of the Invention
10

Fig. 1 shows a schematic cross-sectional view of an opto-electronic module 1. The
illustrated cross-section is a vertical cross-section. Fig. 2 shows various lateral
schematic cross-sectional views of constituents of the module of Fig. 1, wherein the
approximate positions of these lateral cross-sections are indicated in Fig. 1 by sl to s5

15  and dashed lines. For s4 and s5, the direction of view is indicated by arrows.

Module 1 comprises several constituents (P, S, O, B) stacked upon each other in a
direction through which the term “vertical” is defined; it corresponds to the z direction
(cf. Fig. 1). Directions in the x-y plane (cf. Fig. 2) perpendicular to the vertical (z)

direction are referred to as “lateral”.

20 Module 1 comprises a substrate P, a separation member S, an optics member O and a
baffle member B stacked upon each other. Substrate P is, e.g., a printed circuit board
assembly. The printed circuit board (PCB) of this PCB assembly can more specifically
also be referred to as an interposer. On the PCB, an emission member E for emitting
light, in particular infrared light (more particularly near-infrared light), can be mounted,

25  e.g., alight-emitting diode; and a detecting member D can be mounted thereon, for
detecting light, in particular infrared light (more particularly near-infrared light, e.g., a

photo diode. Electrical contacts of emission member E and detecting member D are



detecting nenber. The various nore refined enbodi nents of the nethod and
the opto-electronic nodule are readily derived fromthe enbodi nents

descri bed above, as are the appliance and the 10el ectronic device. The
features and suggestions described above are readily transferred onto the
clainms representing the depicted nore general view Further enbodinents and
advant ages of the invention (in its _fibrst and second aspects and in the
nore general view) energe fromthe dependent claims and the figures. 15
Brief Description of the Drawi ngs Bel ow, the invention is described in nore
detail by nmeans of exanples and the included drawi ngs. The figures show

schemat i galii¥ally28fhddied 18ithe bR R D AlolAIRA] wHEo18ér taNs PRle@ttadhedt roni ¢ modul e;
Fig. 2various Cross-sectional views of constituents of the nodul e of Fig.

1: Fig. Bateed obmowdingisoenballs duit wpuldalsers Presbls reHes @ ASHRAIS SPack for
manuf act yri @hﬂyg%u%rgfmﬁgﬁﬁ?QHgﬁépqﬁafwghS&aaﬁgg& 4a cross-sectiona

view of a wafer stack acturing a nultitude of 25nbdules of Fig. |
- 26 - This way, module 1 can be mounted on a printed circuit board 9, e.g., in surface mount

5 technology (SMT), next to other electronic components (not shown). Printed circuit
board 9 may be a constituent of an electronic device 10 such as a hand-held
communication device. In particular, device 10 can be a smart phone. Module 1 is
particularly suitable for such an application because it can be manufactured having a

particularly small size.

10  Separation member S has two openings 4, emission member E arranged in one of them
and detecting member D being arranged in the other. This way, emission member E and

detecting member D are laterally encircled by separating member S.

Separation member S may fulfill several tasks. It can ensure a well-defined distance
between substrate P and optics member O (through its vertical extension) which helps to

15  achieve well-defined light paths from emitting member E through optics member O and
from the outside of module 1 through optics member O onto detecting member D.
Separation member S can also provide protection of detecting member D from light that
is not supposed to be detected by detection member D, by being substantially non-
transparent to light generally detectable by detecting member D and by forming a

20  portion of the outside walls of module 1. And, separation member S can also provide
protection of detecting member D from light emitted by emitting member E which
should not reach detecting member D, so as to reduce optical cross-talk between
emission member E and detecting member E, by being substantially non-transparent to
light generally detectable by detecting member D and by forming a wall between

25  emission member E and detecting member D. Light reflected inside module 1 and stray
light originating from emission member E can be kept from reaching detecting member
D this way. Typically, separating member S is made of a polymer material, in particular

of a hardenable or more specifically curable polymer material, e.g., of an epoxy resin.



Fig. 6a cross-sectional view of an opto-el ectronic nodule conprising a
conbi ned optics nenber conprising a separation nenber and a baffle nenber.
The reference synbols used in the figures and their neaning are sumari zed
in the |ist 50of reference synbols. The described enbodi nents are neant as
exanpl es and shall not confine the invention. Detailed Description of the

I nvention 10 Fig. 1 shows a schematic ggoss-sectional view of an
opto-electronic nodule 1. The illustrated cross-section is a vertical
cross-section. Fig. 2 shows various |ateral schematic cross-sectional views
of constituents of the nodule of Fig. 1, wherein the approxi mate positions
of t hese Qmicenmamber@sempréet b bhgkiap @oitivdibaal edb iranspargnt pbritoys glon¢ fors5 / 5and

dashed |ines. For s4 and s5, the direction of view is indicated by arrows.
Vodu e 105HEGu BTty fepent b e Rodtls™ g ol 8 Fpon” each

ot her i n aflo@ingaizhi BRnlchmot@b 1 \iRng thetoiBide & ModMe N tah@ dach H@edtidgi ned; it
corresponds to the z direction (cf. Fig. 1). Directions in the x-y plane

(cf. Figf“??“%@%pendicular to the vertical (z) direction are referred to as

"lateral", 20 Module 1 conprises a substrate P, a separation nenber S, an
opticg meHDETnEPosR issastangale s ansPaty dRdigh LarralddrCgRMEPY Substrate P
I'S, €.0. deRcihgd MERGL: D, EGUILY bBRBMhd@DE & Bilakle (JAImEY hidtesdl. q&&ﬁ%ur&m board (PCB)
of this PCB assenbly can nbre specifically also be referred to as an
i Nt er pos @OTLoOH t ¢RPTPEBPassHYe ORtie COMPeRsible pr, mofeopartigylartyi ang as pyht | i n
parti cul Lakr | r i rq - I Rf ed light), can be
nount ed, %52(?251 g. aggsqp%%%&e%@tfﬁ]}gg%%{é@%%éa% ® gl%g’g% %c@irﬁ% %é’nber D can be
mount ed tchmpasnas showndeltiget.itwg ldnsghemenisr ipalosé cukagt toiatfanapageht| i ght (nore
particul arl -infrar | i Q.. .2 Pbhot i ode. Electrical contacts
o erioss smeabbaer bR ekt fulng VGl BR0on H S6kS

member O where it forms blocking portion b, such that optics member O where it forms

blocking portion b together with transparent elements 6 describes a (close-to-perfect)

solid plate shape. Lens elements 5 redirect light by refraction (cf. Fig. 1) and/or by

diffraction. E.g., they may all be of generally convex shape (as shown in Fig. 1), but one
15  or more of lens elements 5 may be differently shaped, e.g., generally or partially

concave.

Baffle member B allows to shield undesired light, in particular light leaving module 1 or
incident to module 1 in an desired angle. Usually, batfle member B will have two
separate transparent regions 3 which may be embodied as openings or by means of

20  transparent material. Baffle member B can, outside the transparent regions 3, be made
of a material substantially attenuating or blocking light generally detectable by said
detecting members, or it could be provided with a coating having such a property,
wherein the latter will usually be more complex to manufacture. The shape of baftle
member B or more precisely of the transparent regions 3, can, of course, be different

25  from what is shown in Figs. 1 and 2, e.g., describe cone-like shapes or describe a

truncated pyramid.

The lateral shape not only of the transparent regions 3, but also of the transparent
portions t and of the openings 4 do not have to be circular, but may have other

appearances, ¢.g., polygonal or rectangular with rounded comers.



el ectrically connected to the outside of nodule 1, where solder balls 7 are
attached. Instead of providing solder balls 7, it would also be possible to
provi de contact pads on the PCB which are not (or at a later tinme) provided
with solder balls. This way, nmodule 1 can be nmounted on a printed circuit
board 9, e.g., in surface nount 5technol ogy (SMI), next to other electronic
conponents (not shown). Printed circuidghoard 9 may be a constituent of an
el ectroni c device 10 such as a hand-held comruni cati on device. In
particul ar, device 10 can be a smart phone. Mbdule 1 is particularly
suitable for such an application because it can be manufactured having a
par ti cul adhiSMRlah oplofdectrbflic 28RBbRL, HbraIBiREIGdly ®phAGgddptOBIRAINGS 4.

em ssi on nenber E arranged in one of them and detectlng menber D being

ar r anged cpmpeirat. dhhaerticatisids wedly of madule | ar¢ fampaddy ittmsdaSd@eeebi fig nmenber D
are | ater Y ' [ panker S na

LT 11 T R B e S oy R e tween
subst r at endthten8 togther svithrepberm@niferfr. ough its vertical extension) which
hel ps to 15achieve well-defined |ight paths fromemtting nenber E through
opti cs nevsiemweD viasitde inrfogn2t the fowrtisid®, 8f Orbdviieh cantfprrtbeitghscmpb@s menber 0

onto detegtin er D. Separation r n i ot ection of
dot ect | ng HERBEFTD Pra M YTaRePRAT S & HE suBS g S Be RSB’ oY

det ect i onndeErdibensiyns bRiNG rdabe teanpdssibleyand eery effansparent to |i ght
general ly detectabl e by detect,i.ng nmenbher, D and by, fqrm a 20portion of

t he out si"EPé‘“%@éf“F@g BWChr%‘%ﬂﬁ‘feéql“.’h’&ﬁ’aE%Bg%fir‘ﬁtn?odﬁd%é}r%%?wgr}g%'ﬁgi? so provi de
protecti q;m%so@ 2R etleibusREbehpdlehts S| O git Beft kil eflgdayralirblock-ng menber E
whi ch shoul d not reach detectjng nenber reduce optica

D, so as {0
cr 0s$0t alPlatpEkGBBRC Qs iBeHFTH; &Fnﬁalyﬂaﬂa‘é&‘l@epm elfRd 2 by bei ng

subst ant i gLdy ANAd RARSRIpENhest Qudhi 9 BAfNG eIl B¥nddpaktiabhRmbyr glet ecti ng
menber D and %y formng a mal% bet ween 25 em ssion nenber E and detecting

nmenber D.do) prghrpiepticns éricke ds omist embpidfddecs): and stray |ight originating from
em ssion nenber E can be kert fromreachi ng detecting menber D this way.
Typi cal | yiheswstalealt shayn iehiget ¢ hex praigigysengop Segthamofle dyoxtd allow parti cul ar

of a har 4eRabl Sl o GPGGLA TSR SRR bRaBRhlRiarltBIPhE Blodul; 0 Of an

epoxy resin. _ ' o
15  e.g., as judged from a photocurrent outputted by detecting member D, while emission

member E would be emitting light, possibly in form of light pulses. For example,
emission member E, optics member O and detecting member D could be arranged such,
that a surface capable of reflecting light located within a predefined distance or distance
range of optics member O could enable a detection by detecting member D of a

20 sufficiently high intensity of light emitted by emission member E and reflected by said
surface, whereas light emitted by emission member E and reflected by such a surface
located farther away from optics member O and outside said predefined distance,
respectively, would not cause a detection of high-enough light intensity by detecting

member D.

25 It would also be possible to create a module which comprises (as electronic
components) only a detecting member D and no emission member E. In that case, the
module could be embodied substantially as the right half of the module 1 shown in

Figs. 1 and 2.



Optics nenber O conprises a blocking portion b and two transparent portions
t, one for allowing light emtted by em ssion nenber E to | eave nodul e 1,
and another one for allowing light to enter nodule 1 fromthe outside of
nodul e 1 and reach detecting nenber D. 5Bl ocking portion b is substantially
non-transparent for |light generally detectable by detecting nenber D, e.g.,
by being nmade of a suitable (polyner) nmaterial. Transparent portions t
conprise a passive optical conponent L or, nore particularly and as an
exanple, a lens nenber L each, for |ight guidance. Lens nenbers L may,

e.g., conprise, as shown in Fig. 1, two lens elenents 5 in close contact to
a transpanethtrmidielielRpoisitie tolpravidpmodnés velieh@maissighed ascobtiyetotthe same

vertical dinmensi.on as .optics. nenper 0 where it,. for bl ockin rtion b,
Such ¢ hatBBPTBGP I AN RBPE. P CPBPHEN bR (s e IR T SHDE her i t h
t ranspar ejie of s Rat@&ebohR @S mporchls Q8@ 4sQdBabAL Ghit deRbtofs, B e Shape.
Lens elenments 5 redirect light by refraction (cf. Fig. 1) and/or by

di f f r act i BAnOrEinieeratehgi{cuimpr 4V onjeorsfigkesAriced- | y convex shape (as shown in
Fig. 1), but one 15or nore of lens elenments 5 nay be differently shaped,
e.g., ‘gengrarliye JectiopicirpIPpRengsREmRised 1Baqu§ler@%éﬁ CIBisgPR BRBILEE shi el d
undesi 1 edunlig@labring i 1 GUhAExahip e FiE ) L FRAUEE: dr Bpadcifladent o modul e
1 in an desired angle. Usually, gaffle nenber B wll have two separate

t r anspar esctrorigicompo@nishf errvontagtingsubsisted!, taghuadogigreiinggswiog-bindingeetns  of

20t ranspag.ent.: i.al f ' t ar ent

regi ons iaidls Efélp %@gglgg& %r %’gtofglre?%qﬁ gftagenrﬁ%t It%H%Ot%{)%%u'g%ieDﬁngg@% | ocki ng

| i ght germeeatdnyenteinecthatngh-hble tahnadoglet ecti ng nenbers, or it could be
provided with a coating having such a property, wherein the latter wll
usual oy Heég.rBehews ongieamatita croasisdcctali view of hafeghfop Gorofingrakdfestavkfoer B or .
nore precise

uI tof thelhalnsggrlﬂt reg;gn% 1 ]cgqi(gt ﬁggrsef(ggedifferent
25f r om WHEF S G R gmodulespy sbownn Jig. 14Lis posyble o manyipqhlres o ne s or
descri be sach modules 1 (practically) completely on wafer-scale, of course with a subsequent
separation step. Although Figs. 3 and 4 only show provisions for three modules 1, there
will usually be in one wafer stack provisions for at least 10, rather at least 30 or even
15 more than 50 modules in each lateral direction. Typical dimensions of each of the
wafers are: laterally at least 5 cm or 10 cm, and up to 30 cm or 40 cm or even 50 cm;

and vertically (measured with no components arranged on substrate wafer PW) at least

0.2 mm or 0.4 mm or even 1 mm, and up to 6 mm or 10 mm or even 20 mm.

Four wafers are sufficient for manufacturing a multitude of modules as shown in Fig. 1:
20 A substrate wafer PW, a spacer wafer SW, an optics wafer OW and a baffle wafer BW.

Each wafer comprises a multitude of the corresponding members comprised in the

corresponding module 1 (cf. Figs. I and 2), usually arranged on a rectangular lattice,

typically with a little distance from each other for a wafer separation step.

Substrate wafer PW can be a PCB assembly comprising a PCB of standard PCB
25  materials, provided with solder balls 7 on the one side and with active optical
components (E and D) soldered to the other side. The latter can be placed on substrate

wafer PW by pick-and-place using standard pick-and-place machines.



truncated pyram d. The | ateral shape not only of the transparent regions 3,
but also of the transparent portions t and of the openings 4 do not have to
be circular, but may have ot her appearances, e.g., polygonal or rectangul ar

wi th rounded corners. - 29 - Mddule |I is an opto-electronic conponent,
nore precisely a packaged opto-el ectronic conponent. The vertical side
walls of nodule | are fornmed by itens £, S. 0 and B. A bottomwall is

formed by substrate P, and a top wall by baffle nenber B or by baffle
menber B together with optics nmenber 0. 5As is well visible in Fig. 2, the
four itenms P, S, 0, B, which can for the reasons above also be referred to

as housing omﬁw@m@maﬁHunh@mcmhsmaéwcaingmname@agm dilavaferalPVghape and
| ateral dinmensions. This is related to a passible :f\nd very efficient way of

manuf act (YWngWs B, carowhstaially jpmade ol rél%t%’é?l ispRstrnpA DhgangrarRasnt fel ow
referri nglglﬁ-lpdé: écﬂt%le l%r &'&Qn % mIﬁﬁé@]j“QP&)'u% QPR EALpaent akeasQuchayd B are al |

of generally bl ock- ate-11 ké shape or nore general |y of general |y
rect angul@msmsﬁnamréb@mapééramalﬁétreg)@%@ bly havi ng hol es or openings (such
as baffle nenber B and separati on nenber S do) rojections (such as
optics melalers YV dodBW amthwssiblawise all os i petion af Wiifgr OBV earberpsodiced ki mi ty

Sensor. g@ﬁat@on@ndéﬂ e%“lpygg}] gll&l[ LI? OE&S da {t]r%&tur g@ﬁ?fg&rls %b&géd lﬂ bj ect is

| ocated Wi Hin & prec |stanetot g., as judged froma
phot ocur rle;mtd mstq:mbt pldstieylldédfemtablegnaeidbaherDhe whictial lemrg@edne grebber E woul d
be emttln Q bl |nformof e | em ssi on
menber Sg ‘H‘gﬁ’ﬂ%lf rﬁdéﬂ%l“ ?fé}ean thg‘n%]egmﬁ%rgd fudP elsggggnged such,
that a sum‘ua,ca&eﬁ&p@bhxehmthrse:hieesam ﬂ@ahv@aphdao)sﬁheeknmdréd surfacpisedef i ned

di stance or di sé

e range of optics e uld enabl e a detection by
det eclt’i ngbHéfHePu gl&fmaéer?g%fgf fep ‘faé‘ﬁ'f‘ﬁ‘; fi8: gﬁ”?‘ﬁ’?@ﬁé?‘f’v p&fmlulaaﬁt enitted by
en ssi on QRBREpol @ﬂﬂat&ﬁé}k BF4BE rbplicaddntnatndlgce, mwbeneatichaght emitted by
em ssi on nenber and reflected by such a surface |ocated farther away from

optics nempeprnebigig ad@{dgmé Sgeaﬂlamﬁrpéa@fﬂiaﬂw yregire) rpeadisdtd vel y, woul d
not Caus@lﬁo&%r%%{x%ygtefo%ggle 8RRYAD slef@taﬂa rﬁe%ﬂ@zltfoﬁ iPykARiect i ng menber D

251t woul d al so be poSsible to create a nodul e which conprises (as
el ectronltc,chomnp@ﬁehgs)”(bﬁ@@ﬁf%ﬂéﬁééﬁrrﬁ@f)rﬁé%’é?rabw‘dhﬂ no em ssi on nember E.

In that case, the
15  In case of optics wafer OW, replication or molding may be used for obtaining the non-

transparent portions (blocking portions b). It would also be possible to provide holes,

where transparent portions t are supposed to be, by drilling or by etching.

Subsequently, a so-obtained precursor wafer is provided with lens members L, so as to
yield optics wafer OW. This may be accomplished by means of replication, e.g.,

20  forming lens members L as a unitary parts, e.g., as described in US 2011/0043923 Al.
The lens members L can, however, also be manufactured starting from a semi-finished
part being a water comprising transparent elements 6 within holes by which transparent
portions t are defined. This can be particularly useful when the lens members L each
describe at least one apex, and those apices are located outside a vertical cross-section

of the optics wafer OW. Such a semi-finished part is (usually and in the exemplary case

Ny
wn

shown in the figures) a flat disk-like wafer having no holes penctrating the wafer in the
transparent portions t and having virtually no or only shallow surface corrugations, such
surface corrugations usually being concave, i.e. not extending beyond the wafer surface

as described by the blocking portions b.



nmodul e coul d be enbodi ed substantially as the right half of the nodule |
showmn in Figs. | and 2. - 30 - Furthernore, it is possible to provide
nodul es whi ch are designed according to the sane principles as di scussed
above, but conprising, in addition to detecting nenber D, one or nore

addi tional electronic conponents such as additional |ight detectors, or one
or nore integrated circuits, or two or3pore |ight sources. 5The active

el ectroni c conponents conprised in a nodul e (such as em ssion nmenber E and
detecting nenber Din the exanple of Fig. |I) can be packaged or unpackaged
el ectroni c conponents. For contacting substrate P. technol ogi es such as

W I e- bondA Bgmdfinitled pat hikPthaeahbe bbgined stainy froiheflatlprouRoswiftace nount

t echnol ogj es y he used, or even conventional thrqugh-hol e technol ogy.
10Fig. 3 @Pé%g?émgﬁHf(ue?f’&t”i‘%%ﬂal)?ﬁa&’é’g-?‘glé&?’i GAMEY 1 ng‘fqWﬁ?P@Feé“for formng a
waf er st agfidilard RPpsed tolbleland tn Mlldel tha!fQesObitReHdpAent At i N Fig. 1. It
is possible to manufacture such nmodules |I (practically) conpletely on

waf er - scastg astisreptpgRrogst.andcisheh §Biga dhin holespm s tPreshrset wafer ettiough Figs. 3
and 4 onl y,.SHEW,BEOY iiSieAls Sl%c%rastutgd%r TREUIGS procdseiEnipidnlp usual 'y be in

one wafer stack provisions for at least 10, tather at [east 30 or even
15nmor e t HaehnBBgpotihk dike,ion be filing Iseneeal plesltromes, ie@n usiig pisaudegeti pregess ons  of

each of t(@% X@In%‘(ug rmes'créeﬁ‘%ﬁétz}l br gpilsée% Swith s%mdgl\r,}\}ozi Wellaadnd up to 30 cm

or 40 cm O eéven chnl an nmeasure no conponent s
arr anged ampuwstidgshateti2. hafrerthdRipeating, eleswater @nmplacedonda flimsoppegtven 1 mm  and

up to 6 or 10 r even 20 Four, wafers are fficient for
nmanuf act %tﬁ’ge & rﬂ%Hytol?? 5@'80’5‘ 8%%@ lodbe faken ﬁ{)(%ﬁ%l HeEn t?l’e formafonoidibst r at e
waf er; PWbubbkpacewitioainahe S¥¥ensodl ot Sinva ftds woMi alaghade dhabptical waf er BW Each

waf er conprises |'titude of the correspondi ng nenbers conprised in the
correspo rﬂi???é"%gmggerf npepoersd; todbe pi"dé‘ﬁ?fﬁ%)g," Q& G FRYA iﬁ&&angwga

rect angul;akudnad Whyc@ar wotd Catltheyw it Rardridlistabts 6t A cAbanp@Red bPMeoRER ot her for a
waf er separation step. Substrate wafer PWcan be a PCB assenbly conpri sing

a PCB of asdandedelypesupmieriar (dlina PlaposPyde syinn cdetldes- Bathiably on the one
si de and @Mc}x Qﬁ(‘;llo\ﬁene@@te'oﬁéhttﬁgm%%ﬁmzﬁ clobe @dctin %%.%%?&u&glyt fe other

side. The | atter can be placed on substrate wafer by pi ck-and-pl ace
usi ng!sst ahghansgd p’i]a(gq(iaqu@quﬂ,ai;@, byeleh| 91d 4V radiation, so as to obtain hardened

transparent material.

Convex meniscuses possibly formed this way can be flattened by polishing, so as to
obtain a transparent element 6 having parallel surfaces adjusted to the wafer thickness.
Then, by means of replication, lens elements 5 are applied to typically both sides (top
20 and button side) of wafer OW. In case of concave meniscuses of the transparent
" elements, the replication can take place on these, wherein the amount of applied

replication material might have to be adjusted accordingly.

As has already been mentioned, it is generally possible to provide that said spacer wafer
SW and/or said baffle wafer BW are obsolete in the sense that a particular kind of optics
25  wafer is provided. Namely an optics wafer (“combined optics wafer”) which
incorporates the features and functionalities of said spacer wafer SW and/or said baftle
water BW. Producing such a “combined optics wafer” may be accomplished using a
particular precursor wafer and, manufactured based thereon, a particular semi-finished

part. Such a precursor wafer and semi-finished part, respectively, has at least one



- 31 - In order to provide maxi mum protection from detecti ng undesired
light, all wafers PW SW OW BWcan substantially be nade of a materi al
substantially non-transparent for |ight detectable by detecting nmenbers D,
of course except for transparent areas such as transparent portions t and
transparent regions 3. 5 Wafers SWand BWand possibly also all or a
portion of wafer OWcan be produced by,yeplication. In an exenplary
replication process, a structured surface is enbossed into a |iquid,
viscous or plastically deformable material, then the material is hardened,
e.g., by curing using ultraviolet radiation or heating, and then the
structur I : i } hdadiBlsBokedse 1S an
negat i ve%gg%ﬁe{i:a ?ag%’%tsaagl@%éfi%fb ﬁ&ggcgﬁéﬁg gfgﬁgn{rcé\ﬂybﬁf%eg IE]ElSui tabl e

mat er i al of fhenwp epificeadfitonsparat clemgnts tchkerpdeyidgs! i piaspiser waferandul arly cur abl e)
pol ymer nmateri.al,s or. et.her. repljcat| materials, i.e. materials which are
t r ansf or REBFE ‘?heéerﬂﬁﬁr&}%ﬁﬁﬁaﬁg Sé)ﬁa(dﬁﬁ?e particularly in a curing step) from

a liquid, viscous or plasticall. e gag i 0l id state.

Repl i cat il’bﬁ’%’ § ) eﬁﬁ%&%ﬁofﬁﬁﬁ?ﬁ?{éndéeﬁ,egg%&? e. gﬁog‘{l\%&%‘bﬁsggg%g A2 for more

det ai Iss abeutatitdiysliusifaled. Tiasexaafpleofpt a ssniviafisied GMf owbginibeas¢dior or nol di ng
may be used for obtainin he.  non- transparent partions | gcki ng portions
b). It m¥%1u§ag %Olﬁﬁgg‘ﬁ%FECPE}gw%{}?‘&é W&qrgﬁng\%’&eeuw %ﬁosogél?gnt portions
t are suppesREidoaa ophds vhred dWn@d arspiiyr ekfeh§Wy. Subsequently, a

so- obt ai ned precursor wafer is provided with | ens nenbers L, so as to yield
optics Wafigke QMY ddddb&d B FRE 5 a0KR AREMmBhgichddpanaia iak likepihes &t i on, e. g.,
20form ng lens nmenbers L as a unitary parts .as descr.i bg)f in US

. e.g.,
2011/ 00439241 by used fs magpactpppmhemedyle ghyn ‘ﬁf@%&eg?ow%‘éfOBéV%ﬁ ct ur ed
start;i)ng ,f,4 80 @r 388 HWURNY, HakifeReWAn@SWeSRIBWOMKik Sd &bkl anspar ent
el ements 6 within holes by which transparent portions t are defined. This
can be paimgleartar ¢ap basesfily vigkadized whatlagqgespendiag eptics avés (Foediede at | east
one apex, Q ' 1 S1,9€ 3 MBhishGdbrr&dh8s@nsecti on 25
of the oﬁpﬁéég”&mgf Z&r%&gugﬁﬂ%éggﬁﬁ%?l ﬁ%gzd'p%r ta isa (usugigs_lrpy aﬁ% in the
exenpl ar yeroafaisisdpan wonld lhek kayEirge§ pchamitieally dilssikrates, lecrasafsestionalvi ng no hol es
penetrating the fer in.the transparent i ¥ j virtually no
or only s"h‘%T?o%%ﬁ%‘?q %‘é)mccor??dtﬂﬁgea Olm(?ﬁlsl,n sauC((:)ﬁ‘B{sr%&rl ? Qicestr%%&gﬁggﬁ ns usual |y
bei ng sconrtawenic module BotrespxiddndihagnbefBigd!, bhiy neébe sesurtioaceerngsr §escri bed by
t he bl ocki ngz}fﬁort;“gns b. - 32.- A sem -%nioslti?l? Qrarbt ICiOkmeritQ f can be
obt ai ned "8t BHF RETPFORAE SeRagtte BPRARPELPeRIRT & 10y e L8 YMRREE B one
mat eri al Jophavh&sbdI @), 8spadiioRPRMHRES adiBdfEe hegmbbr BosPeLe bt masufhétord ar e
supposed to be and then filli ng the holes wi.th transparent material, e.g.,
using a deasHendn Aginplegrsss, wihglogkipgaertiep Plof ARSI Bs i n the precursor
waf er one-by- 5one, e. ? usi ng a di spenser suctg 3s used for gnderfi I 1ing
pr ocessedn PHiet 1o fpo aivpler satno Rigy2ier apqplignediand bopded togqthgr; ¢80 By eral  hol es
at onge, Rl e USiking aReAUBBALPOR RGASE i(Bullly AitkAPHt ks OFuRARREN
printing) or a di spenser with several hollow needl es outputting material.
Duri ng t Ivechdictpesicakpomphecniétel asdgirchies preabed Domdgnmissinn Beppst £ pl ate,
?o?rn’at Imca)%g Ct)l?ef sauiglsfa'té W Pw) gasqjﬁicli:@lﬁy ta@cupﬁelgf &R AR a dPreBRURRL T he

passive optical component (such as lens members L of the optics wafer OW).

Fig. 4 shows a cross-sectional view of a so-obtained wafer stack 2 for manufacturing a
25  multitude of modules 1 as shown in Fig. 1. The thin dashed rectangles indicate where

separation takes place, e.g., by means of using a dicing saw.

The fact that most alignment steps are carried out on wafer level makes it possible to

achieve a good alignment (in particular of members D and E with respect to



obubbles or cavities in the dispensed material, since this would degrade
the optical properties of the lens nenbers L to be produced. E.g., one can
carry out the dispensing in such a way that wetting of the wafer nmateri al
starts at an edge forned by the wafer and an underlying support plate (or
in a place close to such an edge), e.g., by suitably guiding a holl ow
needl e outputting the material close_tgy such an edge. Subsequently, the

i sdi spensed material is cured, e.g., by heat or UV radiation, so as to
obtai n hardened transparent material. Convex neniscuses possibly forned
this way can be flattened by polishing, so as to obtain a transparent

el ement  GndiderdIg) iR@kahdreimSib bABERP fBOWAIS TRE o VePall MEnWMBI@ing! fb&knss. Then,

by neans of replication, lens elements 5 are applied to typically both

si des (t ofgdestandipiseist dhedy Heywads-saale aaneigtuting. Ay V&Y w%ﬁ ®heni scuses
of the tranzRadRMisepl BTRALRd fSrRanl8RlrGAE hRied birddRiRhace on these,
wherein the anmount of applied replication material m ght have to be

adj usted accordingly. As has already been nmentioned, it is generally

possi ble to provide that said spacer wafer SWand/or said baffle wafer BW
are obsolete in the sense that a particular kind of optics 25wafer is
provi ded. Nanely an optics wafer ("conbined optics wafer”) which

i ncorporates the features and functionalities of said spacer wafer SW
and/or said baffle wafer BW Produci ng such a "conbi ned optics wafer” may
be acconplished using a particular precursor wafer and, manufactured based
thereon, a particular sem-finished part. Such a precursor wafer and

sem -finished part, respectively, has at |east one - 33 - structured
surface, usually having protrusions extending vertically beyond at | east
one of the two surfaces of transparent elenments to be provided in precursor
waf er and present in the sem -finished part, respectively. In Fig. 5, an
exanple of a sem -finished part ow wth one structured surface is
5schematically illustrated. This exanple for a sem -finished part ow can
be used for



manuf acturing an optics wafer ("conbined optics wafer”) and can be
understood as a conbination of an optics wafer ONand a spacer wafer SW It
is readily deduced fromFig. 5 what a sem -finished part could | ook |ike
when it would be used for manufacturing a nodule shown in Fig. 1. Looking
upon wafers ON 10 and SW(or wafers ONWand BW or wafers OWNand SWand BW
in Fig. 4 as one single part it can be.eadily visualized what a
correspondi ng optics wafer ("conbined optics wafer"”) for manufacturing a
nodul e according to Fig. 1 and also a correspondi ng sem -fini shed part
woul d ook like. Fig. 6 schematically illustrates, a cross-sectional view
of an opto-el ectronic nodul e conprising a conbined optics nenber. This
opto- isnodul e corresponds to the one of Fig. 1, only neither separation
menber S;ner $§gp B are separate fromoptics nenber 0. They are
bot h comligh?ggg@{eiﬁéngﬁ cs%rrenber 0. Separation nenber S and baffle nenber B
can both be manufactured together, in a single process, with bl ocking
portion b of optics nenber 0. In order to forma wafer stack 2, the wafers
are aligned angd | : y 20gluing, e.g., using a
heat-curéble %ﬁ%ggagggf%8a$%qggmﬂ§ﬁ%?F?ba critical point to ensure that
each gct%ve QP%%FQAkconponent (such as detecting nenbers D and em ssion
menber s on & substrate wafer PW is sufficiently accurately all ocated
with a correspondi sive optical conmponent (such as |ens nenbers L of

t he optigs wa %?&%€§F&ﬁ§1Fig. 4 shows a cross-sectional view of a
so-obtaiged W?fg{ stack 2 for manufacturing a 25nultitude of nobdules 1 as
shown in Fig.‘f.n%he t hin dashed rectangl es indicate where separation takes

pl ace, esg., &Mm fﬁgau%fkgéggge di cing saw. The fact that nost alignnent
steps aré carried out oh wafer level nakes it possible to achieve a good
alignnen% (inn1%r§%9%k%k pf menbers D and E with respect to - 34 - nenbers
L) in a rather sPnﬁTe ana very fast way. The overall manufacturing process
is very fast &ﬁ%rg&?cise. Due to the wafer-scale manufacturing, only a very
smal 7 nunber 0 production steps is required for manufacturing a nultitude

of rmodul §S l'prirftec?’érchit board

10 electronic device, smart phone

b blocking portion, non-transparent portion
15 B baffle member

BW  baffle wafer

D detecting member, detector, photo diode
E emission member, light emitter, light-emitting diode
L passive optical component, lens member

20 O optics member

ow’  semi-finished part
OW  optics wafer

P substrate



Li st of Reference Synbols opto-electronic nodule, proximty sensor 5 2wafer
stack 3transparent region 4opening 5Soptical structure, |ens el enent
6t ransparent el enent o7sol der ball 9printed circuit board 10el ectronic

device, smart phone bl ocki ng portion, non-transparent portion is
Bbaf fl e menber BWbaffle wafer detecting nenber, detector, photo diode
em ssion nenber, light emtter, light-ggstting di ode passive optical

conponent, |ens nenber

PW  substrate wafer

s1,82,... refers to a sectional view
S separation member

SW  spacer wafer

5 1 transparent portion



20 Ooptics nmenber ow sem -finished part OWNoptics wafer substrate PW

substrate wafer sl,s2,...refers to a sectional view Sseparation nenber SW
spacer wafer 5ttransparent portion - 37 - CLAIMS: 1. A proximty sensor

nodul e conprising: a substrate on which are nounted a light emtter and a
| i ght detector; an optics nenber disposed over the substrate and

substantially parallel to the substratg;.

CLAIMS:

1. A proximity sensor module comprising:

a substrate on which are mounted a light emitter and a light detector;

an optics member disposed over the substrate and substantially parallel to the
substrate;

a plurality of passive optical components disposed over the light emitter on opposite
sides of the optics member from one another;

a plurality of passive optical components disposed over the light detector on opposite
sides of the optics member from one another;

a baffle member over the optics member;

an interior wall at least partially separating an area of the module into which the light
emitter emits light from an area of the module from which the light detector detects light,
wherein the interior wall is composed of a material that is substantially non-transparent to
light detectable by the light detector; and

outside walls of the module, wherein at least part of the outside walls are composed of

a material that is substantially non-transparent to light detectable by the light detector.

2. The proximity sensor module of claim 1 wherein each of the plurality of passive optical
components over the light emitter and the plurality of passive optical components over the

light detector comprises a lens.

3. The proximity sensor module of claim 1 including a spacer between the substrate and the

optics member.

4. The proximity sensor module of claim 3 wherein the spacer encircles the light emitter and

the light detector.

5. The proximity sensor module of claim 4 wherein the substrate and the optics member are

fixed to one another via the spacer.



a plurality of passive optical conmponents di sposed over the light emtter
on opposite sides of the optics nenber from one another; a plurality
of passive optical conponents disposed over the |ight detector on opposite
sides of the optics nmenber from one another; a baffle nenber over the
optics menber; an interior wall at least partially separating an area
of the nodule into which the light emiger emts light froman area of the
nodul e fromwhich the |ight detector detects light, wherein the interior
wall is go . i { Lall - rept to
[Tant detocranr iy Fpl EAR of taln 4 Snalhehla o RN FORBIRE,

nmodul e, wherithe Bghtlesaistr iparanged intdme of thesipeheingadnidshali ght deteptosscirrafiged
material.that is s*%%%antially non-transparent to |ight detectable by the
li ght def"d@@POFT NPT I B8%i mi ty sensor nodul e of claim1 wherein each of
the plurality of passive optical conponents over the light emtter and the
pIuraIity of passive optical components over the |ight detector conprises a
| ens. 37 fike pprxinityrpanyorgaedide ofgbeimn ewberein) the wferior well irfilydss a pelyareer  bet ween
t he subsﬁﬁéhg*and the optics nmenber. 4. The proximty sensor nodul e of
claim3 erein the spacer encircles the light emtter and the |ight
detector. 5. The proximty sensor nodule of claim4 wherein the substrate

The. pr oxmilis UBHBRY ssrgmed T ottt ShiRel et op e BRORE el pr Ba iy
of openi pggule MeRIdRItKE dahiR polydktdr n@idrial &Y the Snt@idran@ied i n one of the openings

and the |light detector is arranged in another one of the openings. 7. The
proximty sensor nodule of claiml1l wherein the interior wall includes a

pol ymer éfa’rfr‘%éx%{dﬁnity%ensﬁ] ogﬁf%ﬁfgjagr%( sIARAh g%f&qme%%b&'i %%Hl;gosg\ﬁ"gf in at

| east parts e-outside wa ule 1 nclude t ane pol yner
mat er i al emsy ttageriaht erior wall. 9. The proximty sensor nodule of claim8
wherein the baffle nmenber is conposed of an epoxy material. 10. The

proxinmty sensor nmodule of claim1 wherein at |east parts of the outside
wal | s of 1¢. hEngPreitihgtyisbisor fidd@e BOLIMIIRT wheteRt atdbast parts of the outside walls of the

module include a polymer material.

11. The proximity sensor module of claim 1 wherein the baffle member is composed of an

epoxy material.

12. The proximity sensor module of claim 1 wherein the light emitter is a light emitting diode

and the light detector is a photodiode.

13. The proximity sensor module of claim 12 wherein the light emitting diode is disposed on

the substrate so as to emit light in a direction generally perpendicular to the substrate.

14. The proximity sensor module of claim 1 wherein the passive optical components over the
light emitter and the passive optical components over the light detector are composed of a

resin material.



11. The proximty sensor nodule of claim1l wherein the baffle nmenber is
conposed of an epoxy material. 12. The proximty sensor nodule of claiml
wherein the light emtter is a light emtting diode and the |ight detector
is a photodiode. 13. The proximty sensor nodule of claim 12 wherein the
light emtting diode is disposed on the substrate so as to emt light in a
direction generally perpendicular to tfhe substrate. 14. The proximty
sensor nodul e of claim 1l wherein the passive optical conmponents over the

light emitter and the passive tical . conponents over the |ight detector

are con‘p]éséﬁ“ﬁﬁtoﬁef“é%‘i‘ SEREPTIRPdHle comprige: © 15 An opt o- el ectroni ¢ sensor
nmodul e conprizSiuBdrate on whidh Skaé A Bght hiitERe aioae BRLDpIRodiodd, gRlligam tti ng
di ode and a photodi ode, the light emtting d| ode disposed to emt i ht |n
a dir ectarmﬁms@mea;lmppsqm ty epitrlighhii acditegtion shbatantiglbypeepeadiculppton gysfasee

whi ch t m an optics nenber di sposed
over thgﬁg {1}?“5 e‘@?\ gg@%ﬁ}lﬂtlﬁ ggsf’g?‘l‘“erto t he substrate; a
plurality of ah@;@a&smeknbefmﬁ@dsdd\mer tﬂlbeuﬁstrgﬂetanésuhstdntiglydpandlﬂ onthepposi t e

si des of Ehe optics menber from one anot her; a plurality of |enses

di sposedt Vet he phot odi ode on opposite si des of the optics nenber from
one anot her; A,fafifylt Ié@g@%po@&ﬁ(ﬁv&ﬁfél%ﬁi ERFNEITHE ordspokiesdidg o pRNi Ngs
over the Ienses an interior wall at |least partially separating an
area of apties mouberefrom ooe itk t he | ight emtting diode emits light froman

area of the quraF’ orf?ens%\éhdl ;Q)séc{](?vep Hl%t %g o(a%%e%ﬁtogg% elsfd%% tpc\if/\@ﬁﬁc%' n the

interior wall? stanti a

non- tranﬁaalbcgrﬁont Ond angtlier det ect abI e by t he phot odi ode; and respective
electrical contacts f r the light emtting, di.ode and the Rhlotodlode are
connect ed to SR Eferﬁ’hthSG Uesqrenabir @Ba"d?g PRFIES QuFTdne Ie

1S The

opt o- el ect roanQnt%ﬁ&S\%ll ekt f‘ar@zﬁll)@eﬁérﬁi‘lriéad 464 Mh@ﬁlo@hlbsﬁtﬂevh\i@ﬂ thshgﬁt t he
nodul e, wherein at | east he outside walls are conposed

nat er i al entilting dl@iesanb‘§tlmht Eamlay arpref theanedide Bam whscl} thg mbotaélpé% ti%% by t he
hot odi
phot odi 01 %%t Wl*erfinhe Ou%xq&pwﬁ & %){nBQ < Egrﬁ?’?g%jumpk%flﬁ)% Qllaﬂ%ﬂ%rg'ﬁ‘amgeﬁﬂ n at

| east par SI de wal e I nc ynmer “material,
wher ei n thhighi dﬁt@tabﬁ):rby/mhbhotnmbddaada pol yner material, wherein the baffle

e RGN A G TR R R

resin madehé@dd to contacts on an outside surface of the module.

16. The opto-electronic sensor module of claim 15 including outside walls of the module,
wherein at least part of the outside walls are composed of a material that is substantially non-

transparent to light detectable by the photodiode.

17. The opto-electronic sensor module of claim 16 wherein at least parts of the outside walls
of the module include a polymer material, wherein the interior wall includes a polymer
material, wherein the baffle member is composed of an epoxy material, and wherein the
lenses over the light emitter and the lenses over the light detector are composed of a resin

material.

18. The opto-electronic sensor module of claim 17 wherein at least portions of the optics
member on which the lenses are disposed are composed of a material substantially transparent

to light emitted by the light emitting diode and detectable by the photodiode.



18. The opto-el ectronic sensor nodule of claim17 wherein at |east portions
of the optics nenber on which the | enses are disposed are conposed of a
material substantially transparent to light emtted by the Iight emtting
di ode and detectable by the photodiode. -40 - 19. The opto-electronic
sensor nodul e of claim 15 wherein the contacts on the outside surface of
the nodul e are on an outside surface ofpthe substrate. 20. The

opto-el ectroni c sensor nodule of claim19 wherein the contacts are contact
pads. 21. The opto-electronic sensor nodule of claim15 including a
separation nmenber between the substrate and the optics nmenber. 22. The

opt 0- el et?.r b @pts-elestoonicrdsdrenafulecdfailaim2b whretieithe dohtacts epaliadutade nenber

encircles the light emtting diaode apd t ot odi ode. 23. The

opt 0- el e BﬁPﬁ&ggﬁ@B ot mﬁ?g%ﬂﬁfﬁ?QgﬁﬁE@FH?ﬁ'the substrate and the
baffl e nmenber are fixed to one another via the separation nenber. 24. The
opto-el ectroni c sensor nodule of claim21 wherein the separation nmenber has
a pl ur al 2Q-yThsrordprelsetrec sopprsmeedule ¢fecldiingl whangin therrgniaris e ¢ontagt pagaged in
one of the openings and the photodi ode is arranged in another one of the
openings. 25. The opto-electronic sensor nodul e of claim1l5 wherein at

| east ei 2heThd dpgo-Eletteoniosens@|mhodnie @ftcldimalStingladihg akepahatioo nicsntde betadetrs of t he

nodul e are conposed of a pol r material. 26. The opto-el ectronic sensor
nmodul e 1@eﬁﬁ@£gWﬁngﬂ§‘EQP?WQ%Eghber is conposed of an epoxy material. 27.
A hand- hel d communi cation device conprising: a printed circuit board; and

a proximty sensor nodul e nounted on the printed circuit board, the
proxi m t 32 sBipsapto-gheeftanec sensaruaidulp ofelaimizd twherein ghe saparatioranembeseneiedesa | i ght

emtter anfof dnhidly A% He photodiode.

23. The opto-electronic sensor module of claim 22 wherein the substrate and the baffle

member are fixed to one another via the separation member.

24. The opto-electronic sensor module of claim 21 wherein the separation member has a
plurality of openings, wherein the light emitting diode is arranged in one of the openings and

the photodiode is arranged in another one of the openings.

25. The opto-electronic sensor module of claim 15 wherein at least either the interior wall or

at least part of the outside walls of the module are composed of a polymer material.

26. The opto-electronic sensor module 15 wherein the baffle member is composed of an

epoxy material.

27. A hand-held communication device comprising:

a printed circuit board; and

a proximity sensor module mounted on the printed circuit board, the proximity sensor
module including:

a substrate on which are mounted a light emitter and a light detector;



- 41 - an optics nenber disposed over the substrate and substantially
parallel to the substrate; a plurality of passive optical conponents
di sposed over the light emtter on opposite sides of the optics nmenber from
one anot her; a plurality of passive optical conponents di sposed over
the light detector on opposite sides of the optics nenber from one another;
a baffle nenber over the optics nenberj; and an interior wall at | east
partially separating an area of the m)d)ule into which the light emtter

emts light froman area of.the nodule fr i.ch | I
detects |ight, V\heainé)lpﬁcstrﬁgmtf%rtdzs P%e?i Wa ﬁfhelglgg%\r%tﬁpaggé %E)afnhglmn%aggge?g{) ?’{ehat IS
subst anti al | ywub@fatd;r ansparent to |ight detectable by the |ight detector.

28. The hand-hel d conmmuni cati on device of clajm 27 wherein each of the

plurality of passiaRUGHYIYRRSSEEAPEFA SOLPEREES itResed Qyist thedieht FRIUSHRP ¢ he

plurality of c@)@%s?{evs?de@laﬂh%%tié‘sqmﬁﬂé%%&n S¥eEnottRe 11 ght detector conprises a
| ens. 29. The hand-held cormmuni cati on device of claim?27 wherein the

proxi mity sensor raydudabtyiafphssteptica sampendts digposed dvsr hebight datectervd t he

optics menber, wherein e spacer_encircles t light emtter and the |ight
det ect or, anadpm%%esil(#sf’ﬁ[e%‘esoggcsstnrl%q‘%r;ﬁr?gl?Iheeanlgg%’l e nenber are fixed to one
anot her via the spagéflc medBer obVbEthb apteshadmbeanduni cat i on devi ce of claim 27

the proximty sensor includes outer walls, at | east E rts of which are
conposed of a mat éniiBErienyill peleats patighy peprraping ap asep 9 @‘ﬁé‘? e ipfp Whight

detect abl e byt n?rhtl chfdfidr Hels §ehOfrom 3R drahe iRl HoduerfiasliMethe BghtCRtector

conponents over e light emtter and the passive optical conponents over
the |ight detdetactsrlight,evhemupthsdutenér wall issomposstl ©f a alaterial that is substantially

non-transparent to light detectable by the light detector.

28. The hand-held communication device of claim 27 wherein each of the plurality of passive
optical components over the light emitter and the plurality of passive optical components over

the light detector comprises a lens.

29. The hand-held communication device of claim 27 wherein the proximity sensor module
includes a spacer between the substrate and the optics member, wherein the spacer encircles
the light emitter and the light detector , and wherein the substrate and the baffle member are

fixed to one another via the spacer.

30. The hand-held communication device of claim 27 the proximity sensor includes outer
walls, at least parts of which are composed of a material that is substantially non-transparent
to light detectable by the light detector, and wherein the passive optical components over the
light emitter and the passive optical components over the light detector are composed of a

resin material.



