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WD 2008/ 002268 PCT/ S&006/ 000174 1 LTCC Substrate
Structure FIELD OF I NVENTION 5 The present invention
wo edoaexedproadly to a | ow tenperature co-firedPCERGIN06/000174
(LTCC) substrate structure, to a nethod of form ng an
LTCC based substrate strugture, to an electronic
device, and to a nethod of fabricating an electronic
device. 10 BACKGROUND High tenperature heat
di ssi pating di re utilised j.n nuperous device
t echnol ogi es. ﬁeST L Stvpstralg é&"&?ﬁ?@el i ghting (SSL)
is an energing technology 15 owing to the advantage of
energy efficiency, conpact formfactor and long life.
For high power (LEDs), |ow tenperature co-fired
ceramc LTCC as a packaging substrate with a

FIELL Qi INMEN, nmetal to inprove thermal efficiency has
been shomn to provide advant age in size reduction and
i n_hi gher pera in eragure i ronnments.
o B1e BEETaT, St (B8 BErcPLIS. 2 Y S PoRRU® SorTER P

(LTeoy sobétdaﬂérst%tdre,g kg ian g1efthcﬁi df famena@tdn ATCO/ eab=t aubstrate

strugre, 1§ ATTICEHICT RS 474 B o bt O rotlcaling SABRERShic

devidesi gns in which LTCC substrat e technol ogy is
utilised, LTCC-M technology is primarily used. In
LTCC- M t echnol ogy, the high tenperature heat
BAGKEGROMNPNg die is nmounted on a netal base, which is
sandwi ched to a LTCC 25 substrate. In the current
LTCC-M technol ogy, insulated via feed-through may be
r eigh demperatuie %@taqiwa%t@g fligs arectilisedain AymesRUS Agvice

techABbgidsi VPorC@Qérhﬂlle Qbiid Ql%téjl@ﬁmg (B81) D& AEsMRRYIN ng te technology
associated with the formation of such i nsul ate

owingstadthe frdyariage of BEFra4 STSIAGH SO TarF] fRetar ane lon ffe. For
highd pB@et t(LEDs) @t tdfpdiaiufd IddEled NebraaRP(IETET) as a packagmg
s SRS S el by Buped BHiblre) 1a BRbR hown
to prevder advantagd ah i sife trataddoas and inr aighxeplmrht;ngveemperature
o Bt Btesiont B n6h 838 Lo 207 g BBt TR ftor
lighttHgefiedds snecatibactivk deenuseldfehé improded eedremtics of hiph phwesEEDs
comVr\JAalreld t%%%h\(;ea}'lntao}l\aﬁlgﬁﬁné %%Hh&loi;)ﬂ a

Currently, in designs in which LTCC substrate technology is utilised, LTCC-M
technology is primarily used. In LTCC-M technology, the high temperature heat
dissipating die is mounted on a metal base, which is sandwiched to a LTCC
substrate. In the current LTCC-M technology, insulated via feed-through may be
required in the metal base, for electrical contacting and drive control of the dies.
The processes associated with the formation of such insulated via feed-through,
such as oxidation or thin-film deposition, must be performed and completed
separately, and before the co-sintering of the metal base and the LTCC substrate.

Furthermore, the required insulation thicknesses are typically very small, e.g.
in the order of microns, and thus may be unsuitable for high voltage applications due
to dielectric breakdown. The thin die-electric thickness will typically also result in a

capacitive loading of the signal interconnection, degrading the high-speed
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capacitive | oading of the signal interconnection,
degradi ng the hi gh-speed WO 2008/ 002268

wEasB8E2606/ 000174 2 interconnection. |In LED PET/$8€2006/000174
control applications, the capacitive |oading wll
typically also inpact the pate of LED nodul ati on
achi evabl e. The capacitive |l oading problens are

nte{cAHogoR: et i ECkALY casHipeiens: (i BpREEY ddading win
typitdily ciseeiaachtakirag oftLED hfadalakidn aﬁh:evﬁble nbs saphditiiedoading

oro Y A48 RG0S0 A8 & RSG5 5Bhig e o g
thickreshes vaitpy a prantraliably thidkinesss esakinge itndifficultreh age irepessible to
profie UelhnerRERpOIBing Biclic Bl barieriluhy Sl . o7
exiTst$,nghe Tegsting eEhaGHd gylechngldlgy apricmrih - @idresges  thermal
maﬁa}é@l'rﬁeﬁ |\)(/|tﬁ6iReE‘<§ﬂs ringNbe da?ﬂpésg%gt the rb‘f% cfér ahi eré‘d?ﬁlbctlon

devi ce anU acture need erefore exists

Furthgrmgresingterigisdised in axisting kTfe€M techpelogpsyich 3§ G-Merg are
plé&lV’@eﬁbéﬂsWee tm@,aiddﬂ'lgstﬁ'tﬁébi/élﬁll gd)éi%f fH@dev%ﬂJﬁémﬁchtured

dr ess %ne or npre one of bove-nenti o

pr 6bn therpfore Griqisie PWV%S’@&?‘&%V@ES S4ats TPy F@H“Q&ﬁo@fc*ﬁ'gh
températuie néraeagsbatnmg/ Qs At sbeksetd addesy iohedoramoree bhe tf the
ow tenperature co-fired ceramc (LTCC)

of formng a
abo}ﬁ%@’@&{'g’ﬂ%&?rf’gl?@ “structure having one or nore through
hol es, with an aspect ratio of a thickness of 20 the
LTCC substrate to a lateral dinension of the
t hrough- hol es smal l er than about 1, the nethod
SUMMARY si ng the steps of formng the through-holes in a
tape layer; providing an intermediate |ayer on a

fi 'irEécc%P&Jrfé‘é‘?mﬁmf a ‘f%‘? a%ﬁ?& J "’El¥deeg esqutOYa{/é’ﬁth tgerfe ?%%U?&ed a

I Nng paper ernme ayer
methcma of Heronindh -eh ve demperatyrsi enyfirgd p¢erﬁm (WVEQG haseh |substrate

strugt'éreTﬁ&nr‘EBH@ dr Weftleoh ﬁrhofé%m%ﬁt’ﬁ% Qéﬁéﬁt ‘#étfbgoiaa QMHG‘%VSE of

second surrtace Of t a er;
the #—qu%SHBStfaﬁ% tq A laerghdmansion of thm@r@%hq’lw éma(}@rttham Alout 1,

the w&n&& 'boh"@yﬁhg qhte atBesl of 'I?Bﬁ’mﬁg* Rﬁerﬁqrdl@n%@m @Otpel R§er;
r ase mat eri a The et hod

I
ProvEiiD oIS BRI PYE Ero i SUTBEPY H1% AR BYS5 providing a

vacmmkiﬁgrﬁﬂfe@ & théanfepedibRy Riyert agd NGV e through-holes
ture above room tenperature after the

utiiging B BHRERAAETaPRe 11 e,

- The method may further comprise providing a support layer on a second
surface of the tape layer; and forming the through-holes in the tape layer with the
support layer attached.

The support layer may comprise a polymer based material.

The methed may further comprise removing the support layer from the
second surface of the tape layer at an elevated temperature above room
temperature afier the through-holes are filled.

The method may further comprise providing a peripheral securing layer for
attaching the intermediate layer to the first surface of the tape layer.

The securing layer may comprise a quick release tape.
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The method may further conprise providing a peripheral
securing layer for attaching the internediate |ayer
wao ooosloa2268 r st surface of the tape |ayer. The SPCI/BGHIN6/000174

| ayer may conprise a quick rel ease tape. WO

2008/ 002268 PCT/ SG2006/ 000374 3 The internedi ate

| ayer may conprise a stretchable material. The

internedi ate | ayer may conprise a pol yvi nyI | ayer. The
netThedntaayediaie dduer maypomrsise Aeiisishag'a materiak er medi at e

| aymé imefnédigte IWWWBG@ BoARgnyf raqm the first
ace of the e layer after .th t‘%ﬁ%g hol es

gimethgd "ﬁ‘Ve Pb GRfRPYiSs é%nwag}e %%&yerﬂ'fﬂothe

vac@.fm dakking kamsiomithé st sapscd afythe tapolaget afterthd through-holes
fi'#%nsi on of the through-holes smaller than about 1.

are ccordance with a second aspect of the present
i NV eatthm]ghmree rmay pave anledped ratitbet a Hiiekness ot ther lape layer

to 2 J13RA SRR ¢ LG SR BT o T 2
t hém amqmjamrvdthm senpndwspettaf thenbresentrinvantian are is proviged
a Slggstr%té Ig'trﬁgtﬂﬁ?sﬁoﬂéné ﬁ§ dn-g ﬁ‘fbg ttﬁ@ﬁgﬁ h&ed f&ﬂ{e‘?{)ﬁ" an LTCC

s smal | er than

baseth substraigaribe thouBh-goldsT f techyibcn Bermaly spedusing ‘ material;

whe'ré]H tdspRct 86 %f 'asthlﬁkrﬂéé's‘iﬁ(dh@ LTELessRRieto teMieta! dimension
nprisin LTCC based substrate; one or nore

Ofthentbtﬂjﬁh Q%milgrfflﬁ"r?@d’“m the LTCC based substrate,

t hén bbspdattehaties tHiid ééﬁécﬂ\bﬂt{ie @r?é%ﬂt ﬁﬁbhﬁbrﬁtﬁ@%@tpr@@ded a
ec i 0, of n

material and hayin S
elecfianie, deiseatieoan L4 Pasast SibsirRieS ook i Thpre figuoihotes
formidar i die NTICTs based |seibstrdta) tiad abvoudh-haled fillee @ith narthermally

congy g BT O AR o8 o) g CRIR UL [P Substate

to af latdraidditnensiog lof tiw #sougtbhdés sohellercthanmpotitin t &wed one or more

h th I
diesiiited Boine kot RE FEEBIIHEOEET eq t hrough- nol es.
Th@hkeligs repy badwunied entirely entiag raspedtiverftiied througirbole$.CC
Cnt . _
LSt A Pt SRR L i AR . s
conhegfion vdthdhe seapectha filgp drengh-hRlesheat spreader for

T aghbigats t%a@@r %tmc?ﬁrre%sy b&!h&itbd ty theaL TOE sbtrate via an
di ssipatio ot h.
intermediate Iayer

The filled through-holes may each comprise a first interface layer disposed
adjacent the heat spreader for facilitating an interface reliability, a thermal
dissipation, or both.

The heat spreader structure may be joined to the filled through-holes via
solder balls or columns.

The solder joints or columns may be joined entirely to the respective filled
through-holes on an LTCC substrate side.

The heat spreader structure may comprise a plate having dimples or drill
holes formed in a surface of the plate facing the LTCC substrate.

The plate may comprise a metal plate or a metal composite plate.
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The heat spreader structure may be joined to the

filled through-holes via solder balls or colums. The
wa@lod®en22p%0i nts or col unms nmay be | oi ned entir ePET/BG2006/@00174

respective filled 30 through-holes on an LTCC

substrate side. The heat spreader structure may

conprise a plate having dinples or drill holes forned

s pl at e f the LTCC substrate
P i iptbnibReoaty” redhi MBS 8 Seeomer aiace layer
dlsp@eeqb edjabmtphatapeme%@@fo@wwldﬁﬁﬁ iNEC6 r&IRBIiRS a thermal

el through hol es nmay each conprise a second
d'ssB%t%gé’anrcbZ) ‘ayer disposed adjacent the respective dies

f oTheatevicetraay fugthen compese mtaycongiechpattérhy foraedhar thel LTCC
subgta?é 'fét%tb%nn@ét n?%g resl;ggtlv% ice may further conprise

I nt er connect orme on the LTCC 5 substrate
f ofn ﬁmoeﬂmnwt arfieurtthaspest plibeipresatit dwention thets isdemuided

a m&HoR & #aBHéétfﬁgaé'ngéE%r&?lc taGich’ f*r’t%emetHoHV@JMr%ﬂwgt BN Ridg an

provi ded abricating an el ectro
LTCHePreed suheiratfrefafoing: 6RBrarsMete Mwh&qt@e i the 136C based

subét%ﬁ@cthélthﬁubﬁih%lesf m!'eH‘vﬁﬁh Qﬁﬁerﬁ{allg%ﬁd&&f?ﬁ%aﬁ%leasnd Raving
substrate ro fil
an %PFH* r&“? H&m&\'q es RGN W&P ﬁ&Pétr'fttaﬂoaw@fertaw'H@ni@naqf the
throag;rpaoltesrmalmroﬂqaa aboutkneand oholiftihgl 6RE 6ASdre adies téh ahe
atﬁ) ﬁlldq of the t hrough- hol es snal |l er than
reSPEBOt M H&l‘?&gﬁﬁ‘ﬁpﬁsl ng one or nore dies on the
r eh‘pwordancél Witteal fifth mepiegit of theesresént invarmioflanere igviptdvided a
' . sent
substiale N3RS ol d Sl BRMicro? SeMaPiobe B¥abRens ne
met hod defined in the first aspect. 15 BRIEF
PP W% Enbodi ments of the
BRI%\%ﬁin VVIP_D Ee ter ungerst ood and readily

apparent to one of ordinary skill in the art fromthe

f Othﬂ%%n‘t‘g b teNnelsich MRl b 'Bett%ryuﬁc(i@fst%d afnd r@é@l\ﬂﬂ@gﬁarent

onl ) In _con unction w aw n
to opg @ pgcgna_ryagkllt )] J(@)alrtar‘r@msthlﬁtefﬁlémt/ltj9 ovrgten geimpty:mlby way of

exarﬁ'ﬁléWnlWﬁndi bl &6 lirRtibR With thérErtaWi’rﬁbsofn WRER ng an LTCC

strate structure. Figure 2 i's a schematic
cr jgurese 163) ofa(e) drrensehfeaticafrossseeliona drawipps dllustrating a

method of forming an LTCC substrate structure.

Figure 2 is a schematic cross-sectional drawing of an electronic device.

Figure 3 is a schematic cross-sectional drawing of another electronic device.

Figures 4(a) and (b) are schematic top view drawings of respective electronic
device layouts.

Figure 5 is a schematic cross-sectional drawing of an electronic device.

Figures 6(a) and (b) are a schematic cross-sectional drawings of respective
heat spreader plates for use in the device of Figure 5.

Figure 7 shows a flow-chart illustrating a method of forming a low
temperature co-fired ceramic (LTCC) based substrate structure.

Figure 8 shows a flow-chart illustrating a method of fabricating an electronic
device.
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Figure 3 is a schematic cross-sectional draw ng of
anot her el ectronic device. 25 Figures 4(a) and (b)
wa@re@ssehzesrati ¢ top vi ew drawi ngs of respecti vePCT/SG2006/000174
el ectronic device layouts. Figure 5 is a schematic
cross-sectional drawi ng of san el ectronic device.
Fi gur es 6(a) and (b) are a schematic cross-sectional
i respective heat spreader plates for use

dr awi ngs
DET“H'—FF?éS%% GRIFTION £ gure 5. 30 Figure 7 shows a

fI ow-chart illustrating a nmethod of formng a | ow

firen d(5 P Shavs Ao BT SRAPr FRGETPa Y RGano 2
mangﬁdginm(?gogﬁgrcf?;ﬁ?brlbggya allll:;?sgbteawwturdmn high teviPerature heat
cissyo 861 o oy T e | Do e Mathe s 100G PR Dheen
tapedn@gm 'rﬁylairstiac&tlp fitm & 04 redtmcifiext twtherwepm daypes $02.0rhe green
tap%qe?'iﬁgthén&s%rlé éjsetxggﬂtp %st 9\6% ufa\p%e ﬂfer@ %ﬁbcﬁr@ﬂ?grl\%t‘éhgls)
Hovvﬂylee@tberggrem@ammurhmmd, rrnczbuoty?gaéﬁ -§ é\"pee IBerwE.iefstr@nlcs
Matgﬁé@f Thég;ké& tfagle rw.%.%%@i hé&bé.%mohh@.rgfuﬁ%ué@@e 13 @ixture

? escrib exanmple 1s -
framen(se %fFéYf‘r)oSLElhéb@frfBﬁ|9<E%erl\189%r’|pal'95§XP°S%vvever ot her

gr @shbanas F'%e el §%vahﬂ'ﬂ" I} 0% o Bbourt -ﬁ@ﬁﬁlc(dﬁehfcﬂness is

El ect t Th t
ProVRRck e opyaF iha GHORS tahe A07:n The BONMBY maldd & Aeched o the
greérf tipe gﬂzohtlli%h@\/\@)qwcﬁwlglédsb&épé heong@rél@ase thpe 119 is used

ose wn 1 n | VI n
alorgy Bingiohay GhBF GO B 08 1 2tah, B i dpefBa frane
greeg’f ta@é to2pand (Débvn‘ﬁc‘)l ?$?¢|Ywmw ¥ilm fi0Bringi6e thes patireecy edcdvered.
1 utihl ,si n . r
The v ] 108 RES Seplfee 558 i SEHERAS b Rllen v
film ofitht dneylicpadhesivieyiPart inumbe0 8ISHU-869ARR R\, gmliiegionngfter 24 hrs

509f25HH\)1R§1a‘cﬁu %& @g%a?%?ﬂ?%ethéﬁ faro\ﬁd(}gi érﬁ%‘é Cﬁbg:\ﬁrg/?ﬂm 108.

Themeuwnlb,favkmg papen imal@8ounpapeas cba@m‘pméh@i desaribisd @xample such

th |
that HEH A0 Biro ot e potcl (RPNt Imateidee" Lihes o af t er
24 NS@OWB@@]FW (chwheadbervaeiu hackingeaper 1112)is keptean top

of tﬁ’é ‘E)Ylhfé?‘?‘/aeﬁuﬁ'uhl%bféohi'ﬂ | By lsublidnimMof 86 vadlifn \fé]eﬂé‘Uf‘M keeps the
back |n%epa per 1S _a porous paper chosen_ in

vacyig backiag PaRanpi2 ik place. 30e dixlyre famecwith Hs%gapﬁrﬁtw&ﬁe 118
are pbsiticHldamdRépt HOpla¥e tighttRid t8ltise suction of the printer vacuum table

116, with the mylar back up film 104 exposed to the printing paste 116. The printing
paste 116 comprises a thermally conductive via material such as a silver composite.

In the example embodiment, a conductive via silver composite ink paste 116 is co-
fireable, Silver via fill paste, Ferro CN33-407, with a shrinkage matched to the green
tape 102. During the printing process, the paste 116 is filled into the via holes 100,
with the paste 116 applied along the green tape 102 with mylar backup film 104 and
swiped across with the aid of a squeezer (not shown). The polyvinyl film 108
advantageously contributes to ensuring that the paste does not get “sucked” away
through the via holes 100 to the porous vacuum backing paper 112 under vacuum.
As will be appreciated by a person skill in the art, the printing process can be
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As shown in Figure 1 (c), when the vacuum backi ng
paper 112 is kept on top of the printer vacuumtable
wda 2008/080268 suct i on of the vacuum table 114 keepBCT/BE2006/000174
vacuum backi ng paper 112 in place. The fixture frane
with the tape structure 118 are positioned and kept
in place tightly due to the suction of the prlnter
.vacyum table 2 16, with the nmylar back film
optREH TS BENaPE HaukaEprE sAUaTre prdey RO e e
andlﬂ:ﬁwtlogspeecstesemutéﬁmpaﬁ hgleditbnducti ve via material such

o NBgE b B BBBARUL s 10 AR AR AR i

mintites et bdbout SZOPQe‘pr wudng idfl thpafilt matdFiat i N3G 40Ks WO.h As

lllusﬁ‘aﬁéﬁ rlllll ﬁgg@g? @t gﬁ&dtné chetan %ﬁ&ggs t‘\?@?rs&%ﬁ bﬁ?ﬁgﬁ? %php%z

(Flghr@l Hb)) B0d thegpolywiny fi tmé0§ éEvggrelh(b))a@@remQN@ll, thegemeyal of the
polygﬁl‘?ﬁmmtﬁﬁeo fé@ﬁlﬁéle@%&t%m%@&lkd‘mhé .Bk ?‘Qéa?é"%peswop@%ure

0ss wth the ard a squeezer

1(b)boﬁ’%ﬁtﬁrwrmtm9 o a@@sw%@aﬁeragwf@t é@iﬁmat@am@gt {10, is then

carri%ﬂ%‘dlf biithel tBabufa& pzzsbﬂhd@?éembeg@t ‘sucked"” away
hol es 10 Oor ous vacuum back

Ehehiou ¢ 2
baNBRE hesrineitn o e SUUGTRI R4 ) Bealp ol ABAILS Bynyes
aboytei080Narkkthk Imyildr Bder uprtbpe 108 igiehitived gvhile BeeBpeiiiciiee 124

e R bt SiTe PR oy PUURLTED Hhppunevt

strugiurent 2 gapr thes usee sula;edteplr tontomgentipest dL TCC eprocessepr sypdr as

stacﬁﬂé qa{n‘ir*altm% %@&( %mt%rl?gt tII:é) E@% tﬁff,gf"é&b@ﬂ%{ée St Z{J © about

70kt vwasrfoend thaywish the erdcelsd; desurbed abovanwitheeferendedb digures

1(a) 1@O§e)A§ub§rdté 'éf&nfc&ﬁé Quit 15w géé@Ectlﬂé@o trﬁ‘éﬁgﬁa&gg filled _with

roce vacuum

- conduclys rr@tﬂmat gan b@ fghricated. fAs$ mllllﬁfsammagate@i tzn/(@p)arsan@kllled in

the ér@3 @Ycﬁ}&j asﬁé?:,@ r&RTRY&s t9f ?Q% oﬂotﬂEXHlbﬂYéssfdfl tHe Jsgﬁstpﬁli N9 the

aCI t ated y renoval QUIC rel ease
'aterebﬂ'gmné'onﬂftsbq holehaing ﬁrq@"ernthangab@pt 4 lnetberresuliing subsirate
strudtivdi 624,68 hcRESR! bE 3hd Yorabn ke 102 hel. %ﬁ['(ﬁ%@hﬁn and

n the tog surface 122 of the green tape 102.

diarmeer ‘fr}r%ﬁé' iotes 1tor9e‘sl%é &P, GilNeEAn 25pech “H@aﬁf@émf’b? 141. 1t

will Eaprediatetithattftasect Eﬁ!i@tﬂmafégttha%%o{uh@ oM R mBRgdinéPin a
e tape, str

staoheal ETH{coupRHE, Poll oL Boy sebral bet e stires & o of
subsll-'nagaJstmclx(reﬁ 26.Ther adabﬂj]é at final £TCOCdubsatbdamiraited Aedsibtered
it S0 B S ol R rRRahe LR 556055 47 B0 psgprm
and a'ﬁ(é@@elbm‘tlhatna holgs dft1.3&rmmi, giving amaﬂpewt taltio tolf abpuitd @4 INVith
exustﬁ'negsﬁrrobgses%s anbY\eloW égbecﬂ'aetf ilfes ﬂo(l’e fnglyf@é substrates have not
been successfully produced, due to problems associated with retaining the shape of
the filled hole in the green tape, and due to peel-off of the filled material during
removable of the porous backing paper.

With reference to Figure 1(c), in the described process, the mylar backup film
104 was found to facilitate retaining the shape of the filled holes, while the polyvinyl
film 108 was found to reduce or eliminate the peel-off problem associated with the
vacuum backing paper 112. Furthermore, removing the mylar film 104 while the
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1(a) to (e), substrate structures with | ow aspect
rati o through-holes filled with conductive materi al
weansloe2babri cated. As will be appreciated by BCPRGHO6/000174
skilled in the art, a |ow aspect ratio refers to a
rati o of the thickness of the substrate to the
| ateral dinension of the hole being smaller than about
te 20 structure

Lti bst
sub at%%ﬁ@?@ré el‘?’%l hseétgﬁgﬁv?stgé erTB%ra yre %ave %&err@)ezgwl:ﬁnwas
fourght@ fudhermretece afelinfimte paelkm’f efsthé(ﬁll)ed saterigl. 1. 8nm
[l  be. »
aoVAch B AVRRTm b 2 et Bl ito Sudi 70°G, i myigotons
duedaﬁe%léc%tlﬁmaﬁweﬁtherpoa'm@tczin@k‘@d ThisT@useh ataxpamsitn imismatch
betwder HITGRRYEE 1@§ba31td' e\gétr{dl’é‘st %fsf lIcHasFéwEt%qu%%&CEnablmg

substrafe structure or exa
easy, fpjease pbthednylaniiled! %iﬂorgutm aresn izsevmoerartddbe silegrdillpaste.

It wﬁ!' lié)%ﬁéécfa‘%d fHat bmé?%‘i‘é’cenél@rr‘né}iaﬁé Lée& t2':'3 §;§ fi gﬁs 3hQUbing

t? and a di ameter of the via holes
°the§ i RAYGeR Rasry, B@terials |38'%9Feda§%h that dhae swt@rmng @ffegft fegpribed

aboys oaie B8 ehiev e forlreleasing of the! idkAp filh e thelgeser fépleBQ@ the
silv rg str tes have not been successfully produced,
T4 ens associated with retaining the shape of

t hSlrhlldrlyed wilhbe aplpretd’e&e@ e ptharnhatefisld rﬁh&ebé Qs@@ﬁﬂ pRkk of

I I d 3 b
e BASRA aL1080 R B Pl S X Qah SRR G by wir
a stietchahditylebihei fived Ynlise dsrsnort-stestofydtaie nizderialy durihgithe Bgmoval

of th@aﬁ?re&gﬁﬁﬁiel Al Ju% F tﬁ%&ywﬁ;}l"ﬁbﬁh%ﬁ it P‘%I d%'%%@%cﬁ%%t y e il

pasteds lefidn @@O@rm éha Vﬁa hateet Q(h bepwle- le$s foprenib Ireqnimsito de‘eetobdhe

o 0 eSS 0, 8998 e U PETRD G e

is b'W@%U@%@imtth@d@iﬁ&% structure 118 is at an
|
e mV%ﬁ@C*oﬁcﬁﬂﬁ@réié#ﬁﬁeaWi%af GRMoF %’rﬂgtﬁl %tﬁx%\@ré?l PHéc]ﬁed

to further reduce or elim nate peel -

utilising e manuiagirng FRECGRPS S fiﬁfﬁq'hbfd@hoye Hvéth exferepce éo Figures
1(a) ¢ @)Wl RO belde@cindagar "softens” due to reduced
tLffne of th nmer, chains. This causes
oxEIgHE: 2 30 i H00 SUEnG i 40 g 204 apa conpectedito an
LTCCfmJbstratdmd)fSlsﬁ:QGmfé blfancuwsoe Xbph@éta‘ngqesmeﬁfmhltaam sa@fns
ar reen
- 385 T8 REeCbp YA LI bupslenl® 204, WRTYie Do Fapr e, RRGhet dsing
therméliyt cm’_lduetlveradbesnﬁss(nﬂﬁ;h@&n)ucedn)astrha;skllﬂéblé ljdiffg process.
r i@
Surtairiehiuealing or B MARIPPIBE VIR, 1t SoesTBl S0,
or beibhinay d¢ penformede aBomexariplehi thaakateridli ihnthé rden20Beis nickel
based! 888idPBLtRAirfalE wittOgSh!t Protbt Lgﬁﬁ‘sctt&ldatlon and to enable

solder attachment may be performed. The processing can be thin-film based, such

as electro plating or electroless plating. Alternatively, the processing can be thick
film based. Furthermore, different coating materials may be used such as copper or
copper based alloys.

The processing can be performed to create respective interface regions or
intermediate layers for improving the reliability of the interface between die 200 and
via 202 on one side and between the via 202, the substrate structure 204, or both,
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SSmlarly, it will be appreciated that other materials
may be used in place of the polyvinyl film 108. The
wo poosiop26perty being exploited is primarily asBOLBGL06/000174
with a stretchability of the film Unlike for
non-stretchable material s, gduring the renoval of the
stretchable filmsuch as the polyvinyl film2108 in the
descr.i bed exanpl the fiJl 15 paste is |left Iace
and {35 GHlonet bt ST oo e ae B0 Srasiolp Sl SRR e e
can tetadtabhachen tHeoiod ©of e tidwith attesrhadie cbrdwdtiea atihesivd. | m
an d.to the force.that _ s
o1 PSR 3 chiaip B0 5. s B8R b gL A1, flss Ko objpounted
LTCQ‘IE‘\OﬂUlel 04 ng)unte;dahmm beatpsihk 864 withsspring suisdersa8@s tightened
using [doHfrbEBr %%E%@a %n’eln)s%q%g #(JE%X%@"QC %\-\é Llﬁ_b' médule can

ocess as escri ove Wt eren ur es
briceted with ¢rg oningre ndwl loliesd3GR attacihd @@r@pZofsWa\AEIeaﬂll

mat@rﬁa*'lE 80380t A edwentd glvﬁret Qor‘?’dlr‘(gélm%r‘lgofg%rﬁgge %8;2%?%5 drce

an_ LTCC substrate 204 usin
Sub%méeﬁutﬁgniescqw@tr%mﬁ 619- pdBtfermed op.the LAGL substrate

BOZdeTEFbQ%ubQ@ath@@ c%\th%t ét@bﬁe@%h a8l Gntd8cLABIdRI (not

at.t ached conducti ve adhesives (not
shown), ?Wo?a%hy%of‘ﬂ'% ’E?F ed foothei RRptpinle 894, wisl the spring
washiers f306e Torqad &Bﬁtt*dlléd@crer\)\%@ﬂ tlgﬁt@nlﬁgtvﬁﬂ"i s?}irmlngéslh%ryB@éB can

allovégcgrf 8%)&1@ ﬁs TN r%t %ﬂ‘f%t *1 [ue quln@? reépan%oqnﬂ%Tg lglsm)azch

betw&enrhlnee:kTéCC dubs&dte Maatndrtge héattdirek 304.f ace with gold to

D s A7 413 (o)CRAolPnG R 3% B PRGes REPEhetp 00, as0
with tnrrulinplé iLER dies é@? 452 forming \a@rieus pattgrnat iThg wa hole shapes can
be cﬁéﬁgrﬁ]{i(%{ esééa@ d, Q&ta@lé %ur ta%géry 4 ed zﬁ £|%ﬁ§| rlaﬂg§r?aﬁf)%d

hic 'base erno eren ¢oa
Oraﬁ@nbmuaaorsom@guasedlr@gulhrshaneopper or copper based

al kg 5 SR6WR'=0& ?sc‘sc'éé@loﬁé’lrkc%mgﬁé {RWB Fddhle e&?d(fwnth each

resp ective Interface regions or I nt er nedl at e
die ffoératt%?b%waq@ol@ r$@4r0é>nnq5eqi ta sesaecttweesqldﬂréaaﬂa@e c@letrweéi%

wh.cﬁl..e t@rﬁoaré%nné‘étéd 302 rﬁ@tapastess-@@ 'ﬁ*l%dscgﬁéﬁ’fé?lg dr@IR 506

he substrate structure

are %‘GSF*Gémselb@rymbe&eeé@iﬁhe Q"%\da dwlesR04oara) filpd avith a

therrﬁalﬂ/r(ccﬁ%c% fateri2 Be4 ahl GRach & aEHéQETBﬂt)r%aaé‘r lhE:Pe form of e.g.
e to e via

b ttached
the AP Blats Al BO0edruALbY T o Bt inpimalbl gerductie dksives.
The neatspreamtet We ﬁhéldwoﬂmeﬁﬂ oﬁm\tétaﬁlcté@hﬁc dbmtpogtegnat%ﬂgls, and
unt no nt ed. sin
may FBHSED (o IR Lo b FTIE wRtistfas T TERA bl Jreapeta
or atcompesite pkdee S5p&'act 508"cas sBOBN ik Figues BR) andi(b)LieBpectively,
may 'ﬂggé‘ hﬁnﬂ@@ 510 or drilled holes 512 to match the solder balls or columns 506

to connect to form a module with high thermal conductivity.

Figure 7 shows a flow-chart 700 illustrating a method of forming a low
temperature co-fired ceramic (LTCC) based substrate structure having one or more
through holes, with an aspect ratio of a thickness of the LTCC substrate to a lateral
dimension of the through-holes smaller than about 1. At step 702, the though-holes
are formed in a tape layer. At step 704, an intermediate layer is provided on a first
surface of the tape layer. At step 706, a vacuum backing paper is provided on the
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be fabricated with one or nore LED dies 300 attached

to the top of via hole fill material e.g. 310, and
w@owsnexteby wire bonding 312 fromthe top of tPer/ARELA6/000174

substrate 302 to interconnection patterns e.g. 313

formed on the LTCC substrape 302. The LTCC substrate

302 can be attached with a thermal interface naterial

iRk A o L O AR BhSRS Al v
tableontrol | ed screw 308 tightening with spring washers
30 :
ORGER IR L ForE AR Wb S8 il o
eleomimg dayiest AhisteB802, aardLTGE based ssbstkat® (st pravidpar & stpado4,

oneaé"rqné@t %Ug@'hblé% érgpfoyh&?"’gf ﬁ%Dﬁj? %&Sg%&gg tgbﬁ%uﬁﬁ'éugh-

hole@afﬂieé uwﬂpat thermally WW@Q Inesiteriad lrngeha\ieg anbaspect ca110a®f a
thlclé%s ﬁm@['ﬁcé%bsfr%ttawhéré%eﬁé@{ ofsﬁ‘%gtfn%uﬁ;#holes maIIer

rﬁ al | eI ogram shaped, or a_conbination
tha ?b‘? e MiI<ier SREpeNe Fr Giare dse%?r@vwoaméﬂmt@er@ﬁp ip fi Tled

thros@lhaaagl c view of a nodule 500 with each die 502
e 504 connected to respective sol der

at ed via
o R Sl rbrelgas G Ak sa 4 dnomted Gesiiderecrea
metalo platereterthbgddede t60BTCCThesing! UECCOd| kechdblogg] URESd&StPibed

S OB G LTy 1 B S s
and chende ceany eesutt ar |Icad/er5m41nafadtuahg amist.t OThe hieatritsr pestesses,
) | d
g I8 o ST B A
holep erathesmve%rd@lectrmycsb@wmd@u@ﬁg applidations iresalid statedighting, but
aISOQH&p&ﬁ% ta%g_fll%ﬁtﬁr's. ahh %thég:}ﬁvc?c%l @1%841 gé@r? : a??eﬁzgr‘?pequency
modiies q|Blugyrtogthe dgriides, ewmI@tSegplsoatlortSr fr508'GSNs CEMAN TDMA,
BlueEioEHJélﬁi Whirdles& DAN(RthE RARE Rlidroifvg: fre %ﬂjt)o%% ?rﬁlllmeter

10, or drilled holes 512 to match t
Wa"ec@lgl?ﬂns 506 to connect to form a rmdul e with high

t hmrtﬁélde%}ﬂi@d%rbbféés)és SUbSthRs Ena %‘é%eé tht %rﬁﬁﬁ& borfdfttive
l+ ratin | o%?;)[_for b O tenperature
vias &58 i e %rﬁm"\('ih Hasetibs 5*& r Eygh%rm%t While existing

LTCOaM itethnizues trivalNe &n adidifien@ Bakiviers prd&e§§1toajauna§ B&drate LTCC
i ckness, of .the LTCC substra

subgi3ld B 1% ribtabieb oo Gie S TRe P oS Re s A aevicRa o not
requiiécsubh B saddwitie prad@dsing hdntthe ulgbcﬁbﬁdeﬁrocééﬁsf @ﬂm&tésﬂand
dev:@e gﬁlg eth@(/%r holc?A% P%%eooes%%ggtgg 69? %%r}e?‘rggré{ﬁ@trqe §8¥h ai\peat sink
struthreg Wid®ut a needuorditeathk joirgtheageeamicpaptiary oflibd LAICC bebst@te
to ar@rqgﬁér%@l%%ﬁﬁe?m / S&2006/ 000174 9 A

The described processes, substrates and devices can thus provide a more
time efficient, cost efficient, or both, technique compared with existing LTCC-M
techniques.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly



internedi ate | ayer. At step 708, the through-holes are
filled utilising a printer vacuum table. Figure 8
W@ beswores | ow- chart 800 illustrating a nethod PET/SG2006/000174
fabricating an electronic device. At step 802, an
LTCC based substrate is preyided. At step 804, 5 one
nor e t hough- hol es are formed in the LTCC based

at e, t hrou hol s filled with a t her nal
desg@ﬁau@ﬁ SO Al R TR Sy O AU ORI d pesgacts fo
be iltustrativeamd nof rektiietile] CC substrate to a |l ateral di mension
of the through-holes snmaller than about 1. At step
806, one or nore dies are nounted on the respective
filled through-holes. 10 Unlike existing
technol ogi es, which make use of integrated costly
| arge area netal plates enbedded to LTCC using LTCC-M
technol ogy, the described processes, substrates and
devi ces make use of the via holes of the LTCC
substrate and hence can result in | ower manufacturing
cost. The descri bed processes, substrates and devices
can open up applications nmaki ng use of |ow aspect
ratio via 15 holes in the power electronics field,
including applications in solid state |ighting, but
al so including applications in other device
technol ogi es such as Radi o Frequency nodul es, Bl ue
tooth Modul es, wireless applications from GSM CDVA
TDMA, Bluetooth and Wreless LAN at the | ower
m crowave frequency end up to the mllineter wave
region. 20 In the described processes, substrates and
devices, the thermally conductive vias are forned
integrally with the LTCC substrate. Furthernore, while
existing LTCC- M techniques involve an additiona
sandwi ch process to join a separate LTCC substrate to
the netal base, the described processes, substrates
and devices do not require such a sandw ch
processing. In the described processes, substrates and
25 devices, only the via holes nay be connected to
ot her structures, such as heat sink structures,
wi thout a need to directly join the ceram c portion of
the LTCC substrate to any other structure. The
descri bed processes, substrates and devices can thus
provide a nore tine efficient, cost efficient, or
bot h, technique conpared with existing LTCC-M 30
techniques. It will be appreciated by a person skilled
in the art that nunerous variations
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and/ or nodifications my be made to the present

i nvention as shown in the specific enbodinents
wowvdkow26gieparti ng fromthe spirit or scope of P€T8G2006/000174

i nvention as broadly WO 2008/ 002268 PCT/ S&006/ 000174

10 described. The present e¢qbodi nents are, therefore,

to be considered in all respects to be illustrative

CLA@@% not restrictive. 5 WD 2008/ 002268
/1 S&2006/ 000174 11 CLAIMS 1. A nethod of formng a

1. | OW trestipRy af Usrening-d idvedempeaiire ¢4-fed) c@@&ﬁ@i (LTCC) based
nore .

trate structure havin ne hr ou hol es,
subfHtR <o batiRp . ofincle ERFafinal. Gty 7R reerats of o
thicknglss tof ftecL TQC substrate &b adateseal slirnensidn bhibetthrongbtholesl @saller

thansél?clult?rtpé rﬁ%lﬁ‘@d g&ggﬁ%&g q%ehsqﬁ&hod conprising the

holes in a tape |ayer;
prfnmld‘lgt@eahrousm-hohem attapellayer on a first surface of

therdviiy é@%‘?érmedr%rt }eglyg}&gaz?lr%{@fiﬁé'ég Sﬁﬁ étl%r hr hol es

the 1 nterned ate
ut Praviginga aawnhb@kmmnﬁhonam @termdzate iRyer; mﬂhod as

C' ﬁmﬁ@fhel tArdugAINBel: utfisihg Be;rnn@&%&u&h RghProvi ding a
ort ci;@srq’lon a second ‘surface of the tape |ayer;

2. efflﬂﬂ?ﬁ AlEnacHp SlAYR-Th dirier FAMPHYING ape | ayer with
t hﬁrcﬁdﬂﬂ‘@ﬁé buppdraay éidnes BesbndZurfabe oNbb h@&é R§el apd med

UM Ve RIS B S e

3. cl @hesnethad a8,cldimetinarclaionpy whkieth trRMOYpost kér comprises a

r, fromthe second surface of the tape
po'yﬁgpgg‘geq'%%%”g'l evated tenperature above room

4. t eiipee mastbod aafdametihie ¢lainsul mrm)l fathar eorhptidiegl rerﬁovﬂg éhe

supr,}gl:'lt Iggg' f?oﬁn‘flk@ké'@bq\d' SLrfAdY of @ﬁe 9 erp%ger a%é %ﬁ It%ﬂ;ggrature

conprising providing
abovegpem tempemturacaﬁengwetmmughﬂmieee@eaﬂledl ayer 20 to the

5. f"fﬁé lehtaac soéla@b% Whﬁpﬁnj & of QheTPI%CgFIB§OQ|aﬁ’§S further

alne Inc erei e sec
com@rdmapg pewiding a @grlglkerplgq;emggg ﬂaype for attaching the intermediate layer

to the first surface of the tape layer.

6. The method as claimed in claim 5, wherein the securing layer comprises a
quick release tape.

7. The method as claimed in any one of the preceding claims, wherein the
intermediate layer comprises a stretchable material.

8. The method as claimed in claim 7, wherein the intermediate layer comprises
a polyvinyl layer.

o. The method as claimed in any one of the preceding claims, further
comprising removing the intermediate layer and the vacuum backing tape from the
first surface of the tape layer after the through-holes are filled.

10.  The method as claimed in any one of the preceding claims, wherein the
through-holes have an aspect ratio of a thickness of the tape layer to a lateral
dimension of the through-holes smaller than about 1.

11. A substrate structure comprising:
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7. The method as clained in any one of the preceding
clains, wherein the internediate |ayer conprises a
wagresezedl e material. 25 8. The nethod as cl aP@EEG2006/000174
claim7, wherein the internediate | ayer conprises a
pol yvinyl layer. 9. The nmegpod as clainmed in any one

of the preceding clains, further conprising renoving

the int errred' and t he cuum backi n
' BRe B Erors thtoheiToBMaf 1t A LT apebrastLsubsialsy 8 tprough-
holefshilédlghhlwhesnaiweoﬁddldtmg maéridl0. The nethod as cl ai med

¢ nr BB ) StpehiRo’ 8 dhieReciscel Treof REC FuPelifiB e afatere

dimérsiort afithe lttrpegh-holea shmatlerthbn abdowieinsi on of the

t hr, e an about 1. 11. A substrate
12. tf‘g‘ﬁ%"r@?’ﬁ?o‘?sreﬁ’fcga&lm MiS{REr 2008/ 002268 PCT/ SG2006/ 000174

12 anhd G§F bammdesubbivatgh- hol es forned in an LTCC based

su Qgé 2 hfore ttlmﬁlgh mo%ég@\kmgé’ &neﬂ“mefL'lld(? ga%@& :ghb%trta{ée rtﬁ@{hlraugh-

conduct I Ng ereln an aspec
holes Hijller nwit aomefrh@"yl_mugmmr@ltaandahamgeaal aspect ratio of a

thlcléil'legg r(1,$ E@L%Ctsﬁﬁsﬁ'ﬁé @4 3NafepdI eBmaRGbn 6F th%hﬁfb%ﬁ%eslsmgller

el ectroni c device conprising: —an based
tha"s‘%ﬂ%‘iﬂa@'@ one or nore though-holes formed in the LTCC

baaﬁ@I 0B HIdPé BRE PrountRl dhHRUBEpedive Afed ﬂthL@H hdldsd a

bl S8 ) She R el e B ey o

the ﬂeepecrtabﬁﬂedrﬂn&hgmh@ésthe t hrough-hol es smaller 10
and . on

14, ?ei‘B%?F {2 oFiciiaa Phigtim gt 48, Caasr g s oG spreader
structlia imtlaerimral cd:ranatﬁtldlilwltlwlﬂﬂslr @ispedtive filled thraugh-halast ed

e A e
mouotmkmnbé hgce Matatemaeardafrtermaﬁhaie tayet.ure in thernal

‘?H? g:'évé{g i rB&F i Si%ﬂﬁ%i 6F 1‘5' Wh%%rli *&Fé’%ﬁ’&i ‘t\?rh&&w -holes

I Ce as
eacfh mmpgpeeadferst g"tt¢rlfasm leyer sdlsnmadtafﬂamttthe h_ela(r,c;preader for

ctBYEBGH S ol BeBOARA ok N 1 oV °° 2
17. t hTBaglevics as claimed in any one of claims 14 to 16, wherein the heat
spreader structure is joint to the filled through-holes via solder balls or columns.

18.  The device as claimed in claim 17, wherein the solder joints or columns are
joined entirely to the respective filled through-holes on an LTCC substrate side.

19.  The device as claimed in any one of claims 14 to 18, wherein the heat
spreader structure comprises a plate having dimples or drill holes formed in a
surface of the plate facing the LTCC substrate.

20.  The device as claimed in claim 19, wherein the plate comprises a metal plate
or a metal composite plate.

21. The device as claimed in any one of claims 12 to 10, wherein the filled
through-holes each comprise a second interface layer disposed adjacent the

respective dies for facilitating an interface reliability, a thermal dissipation, or both.
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each conprise a first interface |ayer disposed
adj acent the heat spreader for 20 facilitating
wo paosobree reliability, thermal dissipation, orPCheGHN06/000174
17. The device.as clained in any one of clains 14 to
16, wherein the heat spreggler structure is joint to
the filled through-holes via solder balls or colums.

device as ¢lainmed in claiml1l rein the

2. 3 oTHE TV FEnPS CHMEDI 0TS 2 OF [ATB AT 2 eyt Goppprises
intefceRpestt patterhs | fortled how upb- hDCES sabsteate LIBEGnsubsinesatig the

sige. 25 19. The device as clained in any one of
'es%%’Y%g'i4 to 18, wherein the heat spreader structure
23. codpmethed ofi fallrizbiindavelagrationiéviee, dine thethdd deodperisingor med

in . facing the LTCC substrate.

20F ﬁdéH%é'\?;f'?geg%JS%ﬁ SBL&F %‘Fn claim19, wherein the

pl fareningoms bswr@thtvsgi_a-hopsm the 1oFCG bneedasutlﬁmtméhq through-
hole@I ﬁﬁeﬁ w@g Ztheirgglﬁl \Ag&%’du%ﬁn ﬁnaﬁ%ﬁ%l@gﬂ ifd"an é%e@f ratio of a

ereln rough
thlcl@w@ﬁ of thepk TGE substsatarta 4 lntesalidimensiany @f thei terwgéwoles smaller
tharP&b A% 4nhnd he respective dies for facilitating an
interface reliability, a thermal djssipation, or both.
WOMRDHIGe0s S PEETistPn Mo Bpestye flisd HFougHEORRYi co as
24. cl é‘[ﬁiitrlafé SYCtaefaBlicateRUsRg e hietRdd aé Widihed in any one of
i nterconnect patterns formed on the LTCC
Cb"EEHE?r te for interconnecting the respective dies.
23. A nethod of fabricating an electronic device, the
nmet hod conprising: 5 providing an LTCC based
substrate; form ng one or nore though-holes in the
LTCC based substrate, the through- holes filled with a
thermal |y conducting material and having an aspect
ratio of a thickness of the LTCC substrate to a
| at eral dinmension of the through-holes smaller than
about 1; and 10 nounting one or nore dies on the
respective filled through-holes. 24. A substrate
structure fabricated using the nethod as clained in
any one of clains 1 to 10.



