- 1 - SUBSTRATE CARRI ER FOR MOLDI NG ELECTRONI C DEVI CES Field of the
I nvention 5 The present invention relates to the nol ding of

el ectronic devices, and in particular to the nolding of electronic
devi ces which are nmounted on brittle substrates. 10 Background and
Prior Art For electronic devices with optical elenents, such as
light-enmitting diode ("LED') devices, ithe optical elenent is
typically nolded with a |ayer of transparent or translucent nol ding
encapsulant. In prior art nolding systenms for such electronic 15
devi ces, the said nolding encapsul ant is usually nolded by either

di spensi ng t he SiBBETRATECARRIERFOA MOLDINGELECTRONIC BEWCESct |y or
by injection nolding to produce individual packages. The yields
obt ai ned by nol ding the optical elenents using these nmethods are
gener al | y Eigglaifittsd meeation. 20More recently, conpression nol di ng has
provided a viable solution for inproving productivity by nolding a
panel of LED devi ces si mul taneously. This form of nolding invol ves

nol di ng a B @resapdnelertibn LisRitse b Cits  ABWIME f Oed@romid Setigds, afdiGh as
a ceramc substrate whi ch has hi h heat ca améﬁ/ and | ow heat

conduct andrtionIaysr pthemmaldipg i ele¢ B-W"éﬁ’@&'ﬁ e MMeuieddINgPrige of

devi ces 25, miatkgd on a brittle substrate such as a ceram c substrate
is that the ceram c substrate holding the devices may crack during

t he nol di ng procedure due to excessive clanping pressure exerted

duri ”QW'@A&%rou‘nH anaPrdriaperefore be desirable to inprove the yield
from nol dimg LED devices nounted on brittle substrates by the use of

conpressi on nol ding and yet reduce incidences of 30breakages of the

brittle sunRtdiahGRic devices with optical elements, such as light-emitting diode (“LED”)

devices, the optical element is typically moided with a layer of transparent or

translucent molding encapsulant. In prior art molding systems for such electronic

15  devices, the said molding encapsulant is usually molded by either dispensing the
molding encapsulant into molding cavities directly or by injection molding to
produce individual packages. The yields obtained by molding the optical
elements using these methods are generally unsatisfactory.

20  More recently, compression molding has provided a viable solution for improving
productivity by molding a panel of LED devices simultaneously. This form of
molding involves molding a single panel of LED devices mounted on a subsirate,
such as a ceramic substrate, which has high heat capacity and low heat
conductance. A problem that is often encountered with the molding of devices

25 mounted on a brittle substrate such as a ceramic subsirate is that the ceramic
substrate holding the devices may crack during the molding procedure due to
excessive clamping pressure exerted during molding. 1t would therefore be
desirable to improve the yield from molding LED devices mounted on brittle
substrates by the use of compression molding and yet reduce incidences of

30 breakages of the brittle substrates.



- 2 - Summary of the Invention It is thus an object of the

i nvention to seek to provide a nethod of nolding multiple electronic
devi ces sinultaneously in order to increase productivity, while
5avoi di ng breakage of brittle materials conprised in the electronic
devi ces. Accordingly, the invention provides a nmethod of nolding a
substrate containing a plurality of elZctronic devices, conprising
the steps of: providing a carrier conprising a frane including an
adhesi ve félgl noupﬁiqg tpe substrate onto the 10 adhesive fil m of
the carri ef™ ane surrounds the substrate; placing the
carrier in a nold such that the franme is |located at a clanping area
of the nol nd the trate.is ted t, a noldin e f the
ol d wher el Fo RN QAR ang BV aBE B cheoRi anpeNGe hde Pehs’ 2ot
cl anpi ng amag l&ﬂélétﬁrdfnﬁtﬁ@éWtfelﬁdélrha]t@ie%%l:ywb%dﬂ%imsbmrb%tlﬂw dvhgg
cavities; and thereafter npldin e electronjc devices ocated in
the nol®i ridoiding breakagy etprijie @ﬁg%ﬁgﬁﬁ%?ﬁnseﬂﬂn memqe%@ﬂtcoqlﬁy&%ﬁem to

herei nafter describe the invention in greater detail by reference to

t he acconpanying draw ngs. The particularity of the drawi ngs and the
rel ated defé%qorcawlwhﬁgmf%f'orﬂ Brayiles fBpthod s %d'ﬁ,ﬂnﬁé@é’dﬁ*tﬁ&oﬂﬁé"”g a

general i tYpIQrfall@obh%léHn%ﬁQ: WeQRdd, fb&ﬁﬁﬂléﬂfq;ﬁetiiépd 'bYeBdeﬁth'iSa dafrgred
by the claims. Brief Description of
comprising a frame mcludlng an adhesive film; mountlng the substrate onto the
10 adhesive film of the carrier such that the frame surrounds the substrate; placing
the carrier in a mold such that the frame is located at a clamping area of the mold
and the substrate is located at a molding area of the mold where molding cavities
are locaied; clamping the frame at the clamping area while locating the electronic
devices in the molding cavities; and thereafter molding the electronic devices

15 located in the molding cavities with an encapsulant.

It will be convenient to hereinaiter describe the invention in greater detail by
reference to the accompanying drawings. The particularity of the drawings and
the related description is not to be understood as superseding the generality of

20 the broad identification of the invention as defined by the claims.

Brief Description of the Drawings

An example of a molding system according to the preferred embodiment of the
25 invention will now be described with reference to the accompanying drawings, in
which:

FIG. 1 illustrates the application of a substrate carrier according to the preferred
embodiment of the invention for compression molding of electronic devices such
30 as LED devices;



An exanpl e of a nolding systemaccording to the preferred enbodi nent
of the 25invention wll now be described with reference to the
acconpanyi ng draw ngs, in which: FIG 1 illustrates the
application of a substrate carrier according to the preferred

enbodi nent of the invention for conpression nolding of electronic
devi ces such 30 as LED devices; - 3-3FIG 2 illustrates exanples of
di fferent configurations of substrate carriers which may be used with
t he i nvent | | ust ti f

ne a subot P2 Muftats Sxruos bhBiERl SEntllord s Blodinid Pt bR he
i nventi on ey beaspd edthitominvenittingg of LED devi ces; FIG 4 is a
schematic illustration of a conpression nolding procedure in a

nol di ng system for nol ding LED devi ces nounted on a substrate panel
whi ch i sI 16053 mo?étmﬂe@}hgtdwusatmt dfad ﬂrafb]?rrifnﬁears, a blléstrelte carriar lagqsdrﬂiab
sectiona w of a nol di ng appa s of the conpression npl di

Syst emb e BPrPPis o0 RISRr T eNEal earveTondpn CagRI S NP BRcel FEY
plate of tde&idm! ding apparatus; 15 FIG 6 is an enlarged sectional
view of a cl arrpl ng area of the nolding apparatus of FIG5; and

FIGs. 7 to 11 show an exenpl ary nol di ng sequence for LED devices

nmount ed ong20tes -°a“§§ﬁérﬁét% ﬁlﬂéﬂiét%rn ofPat éédwﬁr@s@@ﬁ%bl@tn‘goﬁro@édﬁraem a
Pref erred Enbodi nent of the Invention | ustrates

appl i cati dﬁo@fngasy§mfcrram@d@amfbde\awewﬁi@dm g plebsaes @arreéewh'ch is
10  supported on the substrate carrier;

FIG. 5 is a partial sectional view of a molding apparatus of the compression
molding system, wherein the substrate carrier is held against a top cavity plate of
the molding apparatus;

15
FIG. 6 is an enlarged sectional view of a clamping area of the molding apparatus
of FIG.5; and

FIGs. 7 to 11 show an exemplary molding sequence for LED devices mounted on

20 the substrate carrier.

Detailed Description of the Preferred Embodiment of the Invention

FIG. 1 illustrates the application of a substrate carrier according to the preferred
25 embodiment of the invention for compression molding of electronic devices such
as LED devices. The substrate carrier 12 comprises a frame 16 surrounding a
hollow mounting position 14 and onto which a backing tape 18 is attached.
Multiple frames 16, which are preferably metallic, may surround a plurality of
mounting positions 14 for mounting multiple substrates, as shown in FIG. 1(a).
30



25 enbodi nent of the invention for conpression nolding of electronic
devi ces such as LED devices. The substrate carrier 12 conprises a
frame 16 surrounding a holl ow nounting position 14 and onto which a
backing tape 18 is attached. Multiple frames 16, which are preferably
metallic, may surround a plurality of nounting positions 14 for
mounting multiple substrates, as showt#in FIG 1(a). - 4 - FIG

1(b) shows a backing tape 18 covering the nounting positions 14 on
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shapes. Each nol ded substrate panpel 22 is subsequently renoved from

t he backi fg& d@ %@W&fswﬁﬁa@m%%%ﬂ@éﬁrfm "!Laéeﬁ‘%*i St-‘?haa§ CREMIa @8N
of the i nddjsdofuic-Efe mr@@ﬁa % batRink @ape? 18 lat u%tﬁ]a&ﬁﬁwge@@mhga 45

di fferent configurations of substrate carriers e use

with the itAgesHbstate qdees(Bst FEi-e1Earshpwe L4ED rﬁ@g)“c@érﬁﬂ'l”t%m{%oﬂdh%w
mount i f3g pé?tmra&nﬁ%rﬂﬁs 3% hdvirld Eeer%ﬁ)mélawh r'nﬁldﬁm%”éhc%‘rfb%ﬁlgnlt Roredlny a

pall’ of ceram c substrate pane S . More ha am c substrate
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1(C) respddideviges .G 3 illustrates the application of a wafer ring
12' as a substrate carrier

15 FIG. 2 illustrates examples of different configurations of substrate carriers 12
which may be used with the invention. The substrate carrier 12 may comprise
two hollow mounting positions 14 as in FIG. 2(A) which is configured to carry a
pair of ceramic substrate panels 22. More than two ceramic substrate panels 22
can also be mounted on a substrate carrier 12 surrounding two pairs of hollow

20 mounting positions 14 arranged in rows of two or in a single row as shown in the
embodiments of FIG. 1(B) and FIG. 1{C) respectively.

FIG. 3 illustrates the application of a wafer ring 12’ as a substrate carrier
according to the preferred embodiment of the invention for compression molding
25 of LED devices 24.  The wafer ring 12’ includes an inner carrier comprising an
inner frame 16’ as shown in FIG. 3(a)}, which is mounted within a perimeter of an
outer frame 19’ as shown in FIG. 3(b}. The inner frame 16’ is a wafer frame with
a hollow mounting position 14’ in the center which is covered by an adhesive film
or backing tape 18’ to which a substrate is mounted. The outer frame 19" may

30 comprise a wafer ring that is larger than the inner frame 16’ and has a mounting



according to the preferred enbodi nent of the invention for
conpression nolding 25 of LED devices 24. The wafer ring 12' includes
an inner carrier conprising an inner frame 16' as shown in FIG 3(a),
which is nounted within a perinmeter of an outer frame 19' as shown in
FIG 3(b). The inner frame 16' is a wafer frame with a holl ow
mounting position 14' in the center wiith is covered by an adhesive
filmor backi ng tape 18 to which a substrate is mounted. The outer

frame 19' nm e r t r o e L
frame 1o RTGHE0 TosaRv TS he'<r2ge a1 it obMedBher 08l ieh 0 TR he
shape and #iedmnofratiee! 8’ mrbd fitteghd@in soshidvat intH&. Bfeher franme 16 may
be fitted therein as showmn in FIG 3(c). FIG 3(d) illustrates an
exanpl e of a substrate panel such as a ceram c substrate 5 panel 22
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carrying a e substrat’e pane evices for nolding is
| oaded onto a first indexer 30. It is transported to a nol di ng
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panel is then placed onto the molding cavities such that the LED devices
positioned therein are molded with an encapsulant.

Next, the substrate carrier 12 is indexed by a second indexer 36 and the molded
25 LED devices on the substrate panels are transported to an output magazine
elevator 38 for offloading before further processing such as singulation of the
LED devices. In another working mode, the substrate carrier 12 may be
manually fed and positioned into the molding apparatus 32 for dispensation of
liquid molding encapsulant onto the LED devices for molding the LED devices.
30



- 6 - FIG 5is a partial sectional view of a nolding apparatus 32 of
t he conpression nol ding system 10, wherein the substrate carrier 12
is placed in the nolding apparatus 32 and held against a top cavity
pl ate 46 of the nol ding apparatus 32. The nol di ng apparatus 32
includes a top nold 42 and a bottomnold 44 which 5 are operative to
nove relative to each other to close-édhto and apply a cl anping force
onto the franme 16 of the substrate carrier 12 at a clanping area of

t he nol di ar at u to av a
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cavi ti es 3heduh dampiog detcev\ﬁwrteéinbmibaltamandzgomm melsisntd.d44 2t the
further sqﬂgﬁﬁh@ afed rack plate 56, which extends along the top nold
42 and is hereto by means of a support rod 58. The track plate
56 grips a side of the substrate carrier 12 and is operative to nove
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the bottom cavity plate 48 during molding, the LED devices 24 mounted on the
substrate carrier 12 located in the molding cavities 52 can be molded with

encapsulant.

25 The top mold 42 further supports a track plate 56, which extends along the top
mold 42 and is held thereto by means of a support rod 58. The track plate 56
grips a side of the substrate carrier 12 and is operative to move the substrate
carrier 12 relative to both the top and bottom molds 42, 44 such as vertically up
and down between the top mold 42 and the bottom mold 44. Only one side of

30 the track plate 56 is shown, but there should be a similar track plate at the

opposite end of the substrate carrier 12 so that both sides of the substrate carrier



5 plate 56 is lowered away fromthe top nold 42, the track plate 56
rel eases its holding force on the substrate carrier 12 against the
top nold 42. The top and bottom nolds 42, 44 include respective top
and bottom support plates 64, 66 which are preferably spring-Ioaded
by resilient means, such as by 10 respective springs 60, 62, such
that the top and bottom support plates 64, 66 are spring-biased
towards the substrate carrier 12. The top support plate 64 is |ocated

PO e op2 2l reREsERNahENE " Arcta B, Fy g PRRRRNLT B P
?PSLLeiaahi“‘”"QS‘Ze P ﬁ"é‘*'?‘:*’“?ﬁ“ e ey s PPt
o o000 gty Anfr Reore fignf IS BB S nald: bie Faex bl OB ™
and press amﬁiesralr@udi@g Rl b B c’fa?n@rgm agdingt e Bphesld ate Waaretheddackwhen
onto the LED devices 24. This

nol di ng. en sul ant ein ed

o events TaRat Mlovered FURGIT DiaiopanPAE. oo ek Slits B6g ciaaseh ds
substrat e RAMAY fokde oAthd Sibskraticdriigrel2 Adindieid eRnssl@pert plate 66
which is adjacent to the 20 bottomcavity plate 48 applies a

conpression force to the bottomcavity plate 48, which in turn
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panel 22. Accordi ngly, ng encapsul ant 1's no onto the
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enl arged S
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subj ect ed pgrgvénttls? Ié)"l!(laléeoc];f ’J‘]Qemolding encapsulant on the surface of the substrate
panel 12. At the same time, the bottormn support plate 66 which is adjacent to the
20 bottom cavity plate 48 applies a compression force to the bottom cavity plate 48,
which in turn applies a compression force onto the substrate carrier 12 when the
top and bottom molds 42, 44 are clamped against each other. The positions of
the molding cavities 52 in the dome insert 50 correspond to the positions of the
rows of LED devices found on the substrate panel 22. Accordingly, molding
25 encapsulant is molded onto the LED devices 24 by the molding cavities 52 during

molding.

FIG. 6 is an enlarged sectional view of a clamping area of the molding apparatus
32 of FIG. 5. The substrate panel 22 is mounted to the substrate carrier 12 by
30 means of the adhesive backing tape 18. The substrate panel 22 carries LED

devices 24 which are each inserted into each molding cavity 52 comprised in the



5clanping force, and as a result, cracking or breakage of the
substrate panel 22 is avoi ded. The done insert 50 is covered by a
rel ease film 70 which extends across the nolding cavities 52. This
hel ps to separate the nol ded LED devices 24 fromthe 10done insert 50
after molding. FIGs. 7 to 11 show an exenpl ary nol di ng sequence for
LED devices 24 transported on the substrate carrier 12. Wen the
nol di ng apparatus 32 is in an open position as shown in FIG 7, the
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on top of AJaeiggel ease film70. In this way, the release film

facilitates easy separation of nolded LED devices 24 fromthe nol ding
cavity 52. The top cavity 25plate 46 holds the substrate carrier 12

and the sUBR! Baihg RGP0 42 BBH &) & hebeio iy 70 vsﬁ.erm@xmdmﬁaSWQ

the nold 32 i s open. 8, he nol aratus 32 is in a
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cavi t yygol %&néﬁséﬁ%%r L @n cavity plate 48. 30 Next, the nolding
appar atus 32 assunes a packi ng position when the done

FIGs. 7 to 11 show an exemplary molding sequence for LED devices 24
transported on the substrate carrier 12. When the molding apparatus 32 is in an
open position as shown in FIG. 7, the top and bottom cavity plates 46, 48 are

15 spaced apart and the substrate carrier 12 is indexed to the molding position
where it is held against the top cavity plate 46 by the track plate 56. In this
position, each LED device 24 is positioned over a corresponding molding cavity
B2.

20  Vacuum suction 72 is provided in the bottom cavity 48 such that the release film
70 which is overlaying the molding cavities 52 is sucked into each molding cavity
52. A molding encapsulant such as liquid silicone is dispensed into each cavity
52 on top of the release film 70. In this way, the release film facilitates easy
separation of molded LED devices 24 from the molding cavity 52. The iop cavity

25 plate 46 holds the substrate carrier 12 and the substrate panel 22 mounted
thereto in a stand-by mode when the mold 32 is cpen.

In FIG. 8, when the molding apparatus 32 is in a closed position, the substrate
carrier 12 is held between the top cavity plate 46 and the botiom cavity plate 48.
30 Next, the molding apparatus 32 assumes a packing position when the dome
insert 50 is raised towards the top cavity plate 46 as shown in FIG. 9 bringing the



insert 50 is raised towards the top cavity plate 46 as shown in FIG
9 bringing the - 9 - nolding cavities 52 which carry the liquid
silicone closer to the top cavity plate 46 in order to i merse the
LED devices 24 into the liquid silicone for encapsul ation. After the
liquid silicone solidifies, the nolding apparatus 32 opens and the
top and bottom cavity plates 46, 48 ard separated as in FIG 10. The
substrate panel 5 22 with the nolded LED devices 24 is lifted from
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spirit andoré&l?a%% oqfthé Q&s%%?é/ Sar?eef %ﬁrciaﬂtbie%duced as a result. As the substrate
panel 22 on the substrate carrier 12 is indexed to the molding position in the

molding apparatus 32, the substrate carrier 12 can be configured to carry more

than one substrate panel 22. This speeds up the process of loading panels of

20 LED devices into the molding apparatus 32 for molding as compared to loading

one panel at a time, and also increases productivity when a greater number of

LED devices are molded simultaneously.

The invention described herein is susceptible to variations, modifications and/or
25 additions other than those specifically described and it is to be understood that
the invention includes all such variations, modifications and/or additions which

fall within the spirit and scope of the above description.



-10- CLAIMS: 1. Method of nolding a substrate containing a plurality
of electronic devices, conprising the steps of: 5providing a carrier

conprising a frame including an adhesive film nounti ng the
substrate onto the adhesive filmof the carrier such that the frane
surrounds the substrate; placing the carrier in a nold such

that the frame is located at a clanpi h§-area of the nold and the
substrate is located at a nolding area of the nold where 10nvol di ng

cavities EAH .at ed; clanping the frane at the cl anping area
while | oc *he el ectronic devices in the nolding cavities; and
thereafter nol ding the el ectronic devices located in the

| di [ h 5, I
T, Salter efeth O B & R R setBinid o S A SRt NE B vk,
frame murﬁcxambnaiﬁdthesaeppmﬂ meter of the out er frame, wherein the
adhesive filmis attached othelnnﬁr fra ntlngthe

substrate. 203PIRIYRY2LME" SPHRESING adfameins! “dme%? SSNE Tt er frane

but not the i nmgguntingime bsbstlatTped the sdhesivd 8P bhthead@derditichnat the
nol di ng. 4 Met hod as clained in claim?2, wherein the outer frane

conpri ses T2F¢ ghEcBdsdhegeistraleing. 25

placing the carrier in a mold such that the frame is located at a clamping
area of the mold and the substrate is located at a molding area of the mold where
10  molding cavities are located;
clamping the frame at the clamping area while locating the electronic
devices in the molding cavities; and thereafter
molding the electronic devices located in the molding cavities with an
encapsulant.
15
2. Method as claimed in claim 1, wherein the carrier comprises an outer
frame and an inner frame mounted within a perimeter of the outer frame, wherein

the adhesive film is attached to the inner frame for mounting the substrate.

20 3. Method as claimed in claim 2, wherein the outer frame but not the inner

frame is clamped at the clamping area during molding.

4, Method as claimed in claim 2, wherein the outer frame comprises a frame
of a wafer ring.

25
5. Method as claimed in claim 1, wherein the mold comprises a top mold and
a bottom mold which move relative to each other to close onto and apply a

clamping force on the carrier when clamping the frame at the clamping area.

30 6. Method as claimed in claim 5, further comprising a track plate on the top
mold which is operative to grip the carrier and move it relative to both the top and



5. Method as clainmed in claiml1l, wherein the nold conprises a top
nmol d and a bottom nold which nove relative to each other to cl ose
onto and apply a clanmping force on the carrier when clanping the
frame at the clanping area. bottom nolds, wherein the track plate
applies a holding force on the carrier against the top nold after the
carrier is placed in the mold. 7. Method as clainmed in claims®,
wherein after nolding, the track plate is 5l owered away fromthe top

nold and r its i cary el i.n e

ol d. 3. TRERR AT SpaFel I FEPERIARE il B hovfha 8RS R ek MR e
a top suppagdingbliet opamold wfier thetdaaiar iopldcedioltbelemlda bot t om support
plate, and the top and 10 bottom support plates are spring biased
towards the substrate to apply a conpression force onto the substrate
via said spri Rg/ééih@ds alafdlamo?ﬁhia dlaiame, MSﬁeeﬁechwwh ) tiag ttdvk @aignipi ng
area. 9. Method as ai inclaiml er el e ing, area.
conpr i o5 BvREtaNey TELIE tam B aTaadirmts, e i (s an g seres

mol d, and afaeiseiie topendt@! d i nsert contains the nolding cavities, each
cavity being sized and configured to insert an electronic device into
the nolding cavity. 10. Method as clained in claim9, wherein the

nol di ng cayi ty M&hsWaE cRIMEEm cldfh 5 herdRtthe thpaniolal iAdInasE 4 fopcdupbbh9,
wherein the nmold insert is noved relative to the substrate after the
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and togpr eﬁtohh%uﬁpér@iﬁlgteﬁaé{riet 563 A BisRa oWaRdSS WS tdUBERatdUid RBply a
nol di ng. 2512. Method as clainmed in claim1l1l, wherein the carrier has a
pl ural i ty @mpression force onto the substrate via said spring bias after the frame has

been clamped at the clamping area.

9. Method as claimed in claim 1, wherein the molding area comprises a mold
15 insert which is detachably insertable into the mold, and wherein the mold insert
contains the molding cavities, each cavity being sized and configured to insert an

electronic device into the molding cavity.

10. Method as claimed in claim 9, wherein the molding cavity is dome-shaped.
20

11.  Method as claimed in claim 9, wherein the mold insert is moved relative to

the substrate after the frame of the carrier has been clamped so as to contact the

substrate and to press the molding cavities against the substrate during molding.

25 12. Method as claimed in claim 1, wherein the carrier has a plurality of
mounting positions surrounded by multiple frames for mounting multiple

substrates.

13. Method as claimed in claim 1, wherein the substrate is a ceramic or silicon

30 substrate.



nounting positions surrounded by nultiple franmes for nounting
mul tiple substrates. 13. Method as clainmed in claim1l1, wherein the
substrate is a ceramc or silicon 30substrate. -12- 14. Method as
claimed in claiml1, wherein the electronic devices are |ight-

emtting di ode devices. i

14. Method as claimed in claim 1, wherein the electronic devices are light-

emitting diode devices.



