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25 requirements, particularly when a large number of passive components are to be
integrated on the surface of a circuit board and used for small devices, e.g., ina
cell phone or mp3 player circuit board.

[004] In order to further decrease the size of integrated circuits, the

30 integration of passive components beneath the surface of the circuit board has
been implemented. The article “Putting Passives In Their Place” by Ulrich et al.
(“Putting Passives in Their Place”, IEEE Spectrum, July 2003, pp.26-30.)
describes the drastic reduction of the size of an ordinary circuit board by
removing passive components that are conventionally soldered onto the surface

35 of a circuit board, and placing them, instead, onto a semiconductor substrate
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substrates. [007] US patent No. 6,021 ,050 discloses a

VelEPL8IZEor producing mul ti | ayer print ed circuit board
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potential application of new
25 fabricated on one or more intermediate layers of the PCB. Passive components
are fabricated from polymer film inks which are screen printed onto thin PCBs,
and then fired at temperatures compatible with common insulating PCB
materials, such as glass or epoxy (FR4, FRS5, etc.). Finally individual PCBs are
bonded together to form multi-layer PCB. However, the use of film ink printing
30 and PCB process leads to much larger PCB dimensions and value tolerance of
passive components. In addition, the fabrication temperature is ideally under
250°C for PCB process. This lower limit may cap the potential application of new
functional material, e.g. high-k matetial, and consequently limit the integration of
functional components beyond conventional resistors, capacitors and inductors,

35 such as high-density capacitors and low loss RF filters.
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[011] R. Dekker et al. (“Substrate Transfer for RF Technologies”,

IEEE Trans. on Electron Devices, Vol. 50, No. 3, pp. 747-757, 2003)
describes a method of transferring integrated circuits fabricated on silicon
30 substrates to alternate substrates, preferably glass substrates. Primer and UV
sensitive glue are spun on the silicon wafer, which is then attached to a glass
substrate. Under UV exposure through the glass, the glue is cured, and thereby
bonding the silicon wafer with the glass substrate. In case of an opaque substrate
other than glass, UV lighting process is not suitable because UV light cannot
35 penetrate the opaque substrate to activate the glue. Dekker proposes to apply a



substrate. Under UV exposure through the glass, the
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[015] Despite the developments that have taken place, limitations in
current techniques of integrating circuit (IC) components in insulating substrates
30 still exist for which continuing efforts are needed to improve their performance.

[016]  Accordingly, it is an object of the present invention to provide a
method of fabricating an IC component onto an insulating substrate, which allows
any IC components fabricated on semiconductor substrates to be transferred to

35 any insulating substrate. It is also an object of this invention to obtain integrated



[016] Accordingly, it is an object of the present
invention to provide a nmethod of fabricating an IC
w@oepossdnt onto an insul ati ng substrate, whi chr@l/b62®5/000352
any | C conponents fabricated pn sem conduct or
substrates to be transferred to any insulating
coutponeatse. ont insulafing aubsitgtest with t gpedi rlaémassonusing stress
[ ting substrates
cBPFRnS 2l FEh B SR R Do BB 0 o, winy ch i s
sui tabl e for post-processing. SUVWARY OF THE | NVENTI ON
nvent i on. ¢ her e SUBMARY OB TRREINVENTION o
i nvention, there i orm ng an
5 integrat ed circuit conponent on an insulating
substrate. The nethod conprises providing a first and
a &Hdnd Asgerding rtangefitsht aspacdr ef rthgamesrsayenventlon there is
S u
PR REE R d B forilo 3ol ARUCE SBOfet on an Jpguiating
substrate fThet rraahhbd heormprisesl pmyieinngaraaﬁg&rrends af wwecbad layer

h d ci t t th
SRS BET. ielt S RyBhalengemanf GIRBRSES 2 siapGi Mibstate and
10 aocﬁlelehﬁ'ld Ry e ictatnsd Tef ofat eddtorit 6f 8l fi t*sP ah@%Bé second

of the first |ayer arrangenment facing the insulating
layigp Arrangemeris fg@wneomaws e aﬁgar cirguih cogteaent therein.

Tﬂ@ fﬁ%ﬂ%ﬁéf‘grréH %rﬂéﬁt %fe}ﬂa'éﬁea RS ‘@t déq}%céuaﬁthé%ﬁxlé{‘ﬁ&r#‘substrate

ectric layer € secon er arran
Wﬁtbcthag oheiecnrunslayatuqutrwtﬂsstr Byer aTl'm’lgarment faawng the insulating

TSR R RGN B RS suraco of

15 thenmslbting gsmtratd witke the digbectrit heydriofthe ardond ¢ayee ePrathgement

rqtiEih BRORUNG Ebsiaiea eviebRyar AyRRGORANt AP dha segond layer

afrbh émbnfl@i’@@d)eatrand'é@ t6l dneIvisH R NES&tSa adeléﬁtof the insulating
a second dielectric |ayer and

di e &)ﬁl c layer
 siibsltata behean i frsf @nd iirsasand SPAY FubsitRtes.act r | ¢
| ayer and the second dielectric |layer are attached to
posi ng surfaces of the insulating substrate,

20 re@d@gt i vl @nothes aspest, thedinveetier delatesiitel 2ateviae carrying an
d C of
B, B SRR TR R Pl 80D, Ak ERcver, o
ség¢anst dmi&tttld:udawcamﬂ ahi E'lsetatlngcswbsjmte whbrémathe firske dielectric
ers.

f thef t d di t
18gr a0y i SEop Rl eleBiC RIS S b hwreRtising swrfaces of the
mLsQIthg Bobskars pespcttiodly! Tige ﬁfﬁf entitRd secbhd BRIEARSE layers are so
t he foll ow ng description

under st ood i n vi ew of
25 a@a@%%@gcgﬁaahghlqaﬁhﬁ por§orainihedasulating substrate lS sandwiched
between the first and the second dielectric layers. At least one of the first and the
second dielectric layers comprises an integrated circuit component therein.

[019] These aspects of the invention will be more fully understood in view
30 of the following description, drawings and non-limiting examples.

BRIEF DESCRIPTION OF THE DRAWINGS

[020] Figure 1A and 1B shows an example of a layer arrangement
35 wherein integrated components are fabricated on a semiconductor substrate.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 020] Figure 1A and
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[026] Figure 6 is a graph of maximum Q-value and Resonant Frequency
vs. Frequency for a set of integrated inductors.
25
[027]  Figure 7 is a graph of Loss (dB/mm) vs Frequency (GHz) tested
from a Coplanar-Waveguide (CPW) fabricated, separa{ely, on insulators,
RO3004, FR-4 and Glass, and compared with a Coplanar-Waveguide (CPW)
fabricated on silicon. The graph shows a CPW with very low loss on insulators
30 fabricated by this invention.

[028]  Figure 8 is a graph of S21 Magnitude (dB) vs. Frequency (GHz) for
indicating signal cross-talk between two metal pads to verify the signal cross-talk.
The metal pads were fabricated on organic substrate FR-4 and Si. As a

35 reference, the data in the air is also indicated. The graph shows that strong



using the nmethod of this invention. [029] Figure 9A
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25 DETAILED DESCRIPTION

[033] The present invention is based on the finding that the warping of
integrated circuit boards, typically caused by thermally-induced expansion and/or
contraction during fabrication resulting in stresses being generated at the

30 interface between the insulating substrate and integrated circuit layer
arrangement, can be reduced or even eliminated by balancing this interfacial
stress on the opposing side of thé insulating substrate. By providing a method for
fabricating an integrated circuit board in which a second layer arrangement is
fabricated onto an opposite surface of the circuit board so that interfacial stress

35 created on one surface of the insulating substrate is counteracted by interfacial
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alipwe phabive mhq:obnelnltsmlmwﬂsdhet areopresfadricatesk mtoeelbaqrb\a@fers to

ool SPBAdemayd, SUPHragH Aba BRpgud e iy EAE using

cohhi&itRPy! SiaBH iceuil @bﬁrcﬁl@ﬂﬂhéﬁcm mathiees sandaadtesive films.
produced on silicon prior to attachnent to the
|nsuI ating substrate. Furthernore, conpared to

3%]' ngTbS nﬁgﬁ AbsCRBELAN NgdRAISGSS Ed?ﬁ'ﬁ&%@ntté existing

0 pla resent nethod can w thstand high
teqjm«mgzes foemptegeatlmge[samcaampclh@téloéblﬂﬁul@ﬁng sohpisatest Eirstly,

tng afecanent Pl eanuinasd ShelE didtp S SHbErs alqus passive

coﬁ@bﬁbﬁfst/dlrdﬂﬁts WattesiairirdeAfiongandesmait ’&mraheds :b@ behaiteg rated
hi gh capaci tor den3|t| es can, be ﬁbt ai ned

mtphﬁhﬁ @r@lfedheﬁe@w aphino Yoy RETUTRIG RATIEIS, FaR e Hé%%‘l‘ced on
snl?gfé r@éﬁ?%&%ﬁb&ﬁh\%nﬂc?g@ ﬁ@u%@iﬂ@%ﬂb@irﬁt%ﬁdﬁﬁe‘ﬂﬁo@tmamd to

by ‘T ncreasin density of M M capacitors
existing deeﬂnmimgy of b ingrpassiess spmpopentisuntos plastieh the present

T 550 RFeie i e PrlBbDEEORRRIS: e, sciia

coh”f;ﬁ#l?eht@aai falmridetert nusilicon mieﬁntTmmor@ni@emle@nc materlals

b 055 BB A5 Bt o

vehF‘M@mdﬁ{éclt?r @%Wéltlééﬂealﬁ bbrdmarengpm@esdleﬂectmrayemj used for
st an sem

AT O ST W

th%r‘%’&}lqﬁél‘e‘é@mﬂ EH@HTenéi%ﬂ‘é'f Ning da acitorst G |tﬁéldléle@fncnavers For

ties For this reason, e inve on can
pasaivel gjrchite.cefclt leenFath b@ﬁ%wmgs RARLA gew lB‘P'PFRj“eterS Therefore,

it f%léé | e Sp;a(&?bel ot Q%IQH‘F eRRBL thalY ehi@Bnal Wadkayes using

ngenent east one conprlses an
conmeriiprat esmbeddingt tefmnmptngeynwheae ecagtolayesdtiiekness is at least

sege%ai&gggrg(ﬁt %2%‘%?@%2%0@&%?1 ?d%’%@??@fteh'%ﬁ@g?@?ﬁe fs that the
falﬁrééisléc?hg ;ﬁird;%egssl ag ecamiedornert s uncﬂen: estar@iardo nsetrm:dncbfctom eprocess
cqngg@nsauelggggfﬁga Wrg%é) rTc{jrcu oardp c“g&%r}e agkag%r?é: rlamma’uon
without requiring the installation of new facilities. For this reason, the invention
can be easily integrated with existing manufacturing facilities.

[035] In the present invention, two layer arrangements, of which at least
one comprises an integrated circuit component, are provided for attach_meht onto
an insulating substrate. Each layer arrangement comprises a supply substrate

covered with a dielectric layer on one surface. One or both of the layer

arrangements may comprise IC components. Each layer arrangement may be
fabricated using any existing materials, processes and technologies for
fabricating integrated circuits and passive components. If only one layer



fabricated using any existing materials, processes and
technol ogies for fabricating integrated circuits and

w@awsiym7zonponents. | f only one | ayerarrangeneit/SG2005/000352
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conprise |1 C conmponents, the ot her |ayer arrangenent

t hat does not have any | C conponents present therein

arranpement edmbsise (G eompopesies, die stivel tayer sirmraegsment that does not
on on the surface t he insul ati

i ' :
NGB G e COPBPN e PSP LBTeln s PRAYF £o1 ipaignge of Surface
stra¥s BEmpenk&ticiPoR e bpSosing lstiffabé vf eepisuRtingtdudsEate: For this
dielectric layer material and | aﬁ%er structure as .the

: h .
PUERRSE, Hhe aver [atranerpiskd faying nede conepangiis prefghally sppprises
f : (C iFd aks lhaving |
V52" AERAE e 4 MBI RS i s sy g 1
compondatssi | i con, germanium GAs, InP, SiC, @GN, Si Ge,
etc. Silicon is widely used for integrated circuit
substrates due to its | ow cost, reasonabl e speed, ease

of [@g6]cesThag supglys Uiubabiaké t garf 0be prppeesetngrom t Bemiconductor
conveni ent tenperature range._Thus, in a r?ferr?d, )
mafgtasnanwelk ap ekl aategplk. { PG WC@@@& or materials include
4 t oI I t I ' rasentichA i
DA BEiianifilf ARG IMP: 18} CHNE ST ABSBIicR i Widely used for
integraied dicuxpdsiratés diieet@dtsr iow |copbr reasongblei speed.sease of

| C _caonmponent i finj [
o SRR 35 S A Ml o4 POt e ance.
F'Rﬁlsnmga pﬁifeﬂsldrernﬁoﬁimeat,l’s@ilwmln% ableicjzec:s 13‘5 ithoeD By?ply substrate. The
ccordin ,. | ow puri in rystalline silicon.
SHabsulrSTAe iserpradne FARRRIesHC fovicn Bfunng 13BricEHon, and
iSRRI exdRY tRY didI¥cte! Xy alshdthiie 18 ¢drfiponérits, if present,
~used. [037] The supply substrate can be cut according. .
in $he fisisbed rdavined BrcauRaisdicon: qintrtea fing} caf@rﬁ@@trﬁge, it is not
| n » age | . .
nEELSY S8 A SEHG e BB S i ssatine
siicaptmaydeaisachia iegiresenti Bveatat. dn csiethemembediment, low purity

1 : el d circuitry. The | C conponents
pé%@&gﬁﬂb%dg@?oﬂclglﬁég may be fabricated in dielectric
| ayers using thin filmtechnol ogy, including chemni cal
va dec osi tion D),.. physjcal vapor .. .
de%#@osi %n St‘w&) ,S&é%/tﬁgqenﬁﬁénbgt Pgih’a%%%qnagt’ig?erprj;ggetermlned
drhensisas requirstFor it‘é&‘ﬁﬁiﬂg{ﬂrﬁﬁ reaintergieded @bde. dphaor mepre dielectric
rinting, etc. 1f small di ns, are

la{sg%é?taﬂﬁan reEmet i A& @ﬁ@areécﬁ%'fg%@bgﬁ?fggfé@feaéf one of the
e AR e, O Ehrpohnee i e esipete 1o
components and related circuitry may be fabricated in dielectric layers using thin
film technology, including chemical vapor decomposition (CVD), physical vapor
decomposition (PVD), ion implantation, rapid thermal processing (RTP), vacuum
annealing, electroplating, Ink-Jet printing, etc. If small dimension patterns are fo
be obtained, lithography technology may also be used. Alternatively, thick film
technology may be used to fabricate integrated circuit embedded in dielectric
layers. Some examples of thick film process include tape casting, screen printing
and spraying methods. The sol-gel technology may also be used in the
fabrication. Furthermore, special materials may be used to make special
components. For example, high-k dielectric material or ferroelectric material can

be used to produce high-density metal-insulator-metal capacitors under high



| ayers. Some exanples of thick film process include
tape casting, screen printing and spraying net hods.

wab@7ee97nel technol ogy may al so be used in t hBCT/SG2005/000352
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fabrication. Furthermore, spggial naterials may be

used to nmake special conponents. For exanple, high-k
tempe@tynei c material or ferroelectric material can be

used to produce high-density netal -insul at or-net al

capaci tors under hightenperature. [038] O her types of
cofRa8d}t i ofdhen typeerqfoamwe:stmumi lBeccm‘npa:henﬁd darobe aibyamed from

DY B R L S Pl kR 4o Aoy, bipoler
cemmlmeldbaﬁ} metél%ﬂﬂ@ermeﬁmt@gwl@mbs Yed?ﬁdlogy and any new
t ol ogy, wher IS nost conmmon used
CZ‘[“Q tglﬂ*eé@ncGﬁ/tO%§/ e GHRmanly; Hsed.c nn@@gwed circuit may
cORELEC Qﬂ%’céﬁc%hngét\éﬂc%mcbﬂﬁi.u&ek ’E%v%%%' ‘(Yj*?cl& Hy%ﬂésccﬁﬂgonents

passi ve conponents, as we W'r'es
andt pasaive aumponentst as Welhas dO manis;smeml cwirés,aaptezmas and

s?r&tﬁ@@f it#rgc?oﬁ %ﬁcﬁe% Fya%)regﬁ of ﬁ%ﬁ ngcgﬂsmpgﬁéﬁs mc‘fuc?é resistors,

capacitors, thu@tbds |mgh-Heﬁ@tﬂ?le‘talLlh@ulétorE%@{ﬁDbééaélforél@hd\déw loss
Rf-'o onen ude tragnsistors, anplifiers,

-t §‘ eBstive nc%mBPB@'%tlsr inpledm oliamisiors, oamplifiers,
trBASMItEDs GAAMETSINS aaﬁr%fér r;ﬁ@ﬁﬁ‘)b@ﬁnéﬁ’tt En%ésﬂ@éor&ponents are

arrangemsnt I n anot her enpbodi nent e’integrate
integratad intp rthenlayea perangemende tre anotherpembedibeart, urvtegrated

CEAPRRERE e R e RS, B e Bt v

corapenenisr angenent onto the surface of the insulating
substrate is carried out such that the dielectric
| ayers of each |ayer arrangenent are arranged to face

t hpp39sul hé ralta@hhférﬂ agfethe Thiet &éyeﬁcbffﬁﬁ% e@bnt BRd second layer
thelnslatln strate nmay

a%%&s'we'ﬁta{'% f'OfFﬁ r§ﬁ§ fhe dns atﬂf&hﬁ gifaie ds gagied Sut’such that
th@rcﬁé@@frfé lé df%%cﬁ){ #éi%r@@@n%t@r@‘éﬁ%ﬁ gbhdb face ﬂ‘n%qgsulatmg

eat hment . i cal the te ature und
S%ﬁtrﬁ@ﬁ aTheaemmen@fé dleé%ptamawef, ontp thednpulatag @ﬂbstrate may

Qfé‘r'ﬁe&%ﬁ% déraé’@“tsuﬁgﬂ Ciierf{)SErE\{hr erre&?@%@ﬁé rr%ga refil by the

I con supply substrate
bmﬁlmbrcmelssltbaﬁ inatsied rﬁorpﬁhecatmhmrms“éy;plcaﬂyc the gempﬂratUWe under

oSS e i, BE S8 B 3 41RGE B cLsapout sooc
whichoidi aupebsable domansikeon sapglydubstriatndnng m‘éﬁerﬁw os®adiment,
normaw lgéB lamination process is used to carry out the attachment. Typical
adhesives may be used for the purpose of attachment, such as epoxy glue. In
other embodiments, common semiconductor bonding may be used, such as
eutectic alloy bonding, polymer bonding, glass bonding and solder bonding.

[040]  When carrying out the steps of attaching the first and the second
layer arrangements onto the insulating substrate, the first layer arrangement and
the second layer arrangement are arranged so as to sandwich at least a portion
of the insulating substrate between them, such that this sandwiched portion of
the insulating substrate is located directly between the layer arrangements. In
other words, the two layer arrangements are superimposed either partially or



eutectic all oy bonding, polynmer bonding, glass bonding
and sol der bondi ng. [040] Wen carrying out the steps

w@booansachi ng the first and the second | ayer PCT/SG2005/000352
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arrangemants onto the insulajjng substrate, the first
nt and the second | ayer arrangenment are

eaﬁreg)aggér 3’699 : Q 0ORRPRIE cHHrtacese£ft the pHisuilatingofsubstrate, the
slpérithpbsdt ort| R rg% Qﬁ%vﬁcﬁ'ﬂoﬁ Whe“i'@*ﬁl‘béh?éatstuﬁbﬁate which is

sandw ched e I nsul ating
spRdwichad @BW&QH thefsstendhthersedongdayerrarsangamsnts. | n
ot her words, the two | ayer arrangenents are
super i rrposed either partially orentirely on the two
opli#di]t e Bapénding af WHwemmtégiatedgcsmbehemfsearet Psent in the

HEBfrafBRB i i 18 i BA sedoaier somensgs mare aligned

tdf actiévatiesBalaAcO A DAt Sided 6ﬁﬂ§QH§ﬂéﬁn% bQYsttate. For example,
Dependi ng on whet her integrated conponents are prese

thenfo irgh l@ypaﬁéranawsng mee/rh% at {agst ﬁub%fﬁnﬁaihl alimwesbwwm tﬂhe second

SRRy 1, UABHE OB e o
sancwiphed betweefn thet firshged the sacrg&iﬂayér aﬁmngem@htd é@ 2l preferred

| d th th d
BB foo B 147 eifehoRmeiion et saledinan dmanged to be
mﬂtllﬁlyrmta&;hmgs Oﬁwmeﬁdl@@tdﬁﬁé ihB&lating Séub%ﬂgtet rh‘%eanmg that

ond | ayer arrangenents. In a preferred enbodi ne
0'%%3 aYeloalrageemant ﬁﬂﬁ@%rﬂvgrlap% tbs:u @f@eédawrdaaangmeat on the

oppbshe diMé bRkhy lﬁiﬁfﬁb%ﬁéﬂa@ﬁ%ﬁ'tﬁ@ fl?étqﬁ)Zeroérréﬁbeement and the

i nsul ati ng su bstrate nmeani ng t one
setondrigkefeatrargamend @reowrarrapged He senidiaicH meemsulatmg substrate

oAASPATEED 50 350835 e P ) AL Al Mmncement

Insmniher eaﬂbedlmn’cange rayer axrm@:nnantrarﬂg qxérmajlyS@rHMpefthe other
bet ween t

T B L S L mpborsy v
armrcgelmnte mhadakerie respeciiaye éttééh@ﬂfﬂ‘fé’?ﬁngdr)rgﬂggosmg surfaces of

thBSbliBEnY AERyahaeriiors feheca syeRe anGalietwenmthe two

s.d{@gf@frtharmgngm‘gegg@h@y al so be respectively attached
to the two opposing surfaces of the insulating

substrate, therefore achieving stress bal ance between

“E64ﬁ]‘[’1‘gt %ﬂkrp%ﬁem (/QetP' fﬁ%uélgdﬁlﬁ' réHBﬁ‘érﬁ?hF sgggfiggé Oé%bve is the

al'ter Ive U renen
selgstion qf@pprmor@éds owtenals cazmdabmeopranstfer ea:tha rayek arrandement, so

thdh AR B BTPL o BN G bl RERPE hotoSrY ok ectisip stress

batarceachi eV| ng stress

[043] In a preferred embodiment, two layer arrangements are
simultaneously attached to the insulating substrate at substantially the same
ambient temperature. The material of insulating substrate may be transparent or
opaque, selected from glass, ceramics, rubber, organic material (e;g. FR- and
RO- series) or any other insulating materials or a combination thereof. The
properties of the two layer arrangements are selected such that the interfacial
stress between the first layer arrangement and the insulating substrate is
compensated by the interfacial stress between the second layer arrangement



bal ance. [043] In a preferred enbodi nent, two | ayer
arrangenents are sinultaneously attached to the

w0 p®aledrng substrate at substantially the sanmeCEHSG2005000352
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tenperature The material of ?insul ating substrate nay

b ransparent or opaque, selected from gl ass,
ae§ dasulating, ejubsBateanine thigt easal the mulfidayeradeviee: including
i¥&gra FeURNYvilPt AT iz Uinviehn r
! %nbﬁaat(?ocr%m t he?eo Thg roBe?ﬁ‘ﬁ% déé%ﬁ"g faﬂls from bonding
tespperaiareta Joame t@”épér@tlé’é Jurh example, heamhwtlayéraerrahgement is

fa“t}rfcgf&{ﬁgﬁ ‘%S%,Jﬁg sfe't[')ﬁtna gygL arrangenent and the

I nsu rate s comnpensated by the interfacial
stress between t he second Iayer arrangenent andlthe
bs t I n,.thi tL-1a
acl4AR' | nfh & reTgh e BmpeRirmag 45 Ickigeohee Mk Apaline second
Ialyhﬁ él@éﬁ&@éw s fedid@ed r @MpRongt Nhsk CEMSSAGHH fo‘élnrtleQF“ More

nperat ure. For exanple, each |ayer arrange

pvre,ieﬁaqbbattes thiskngss 1 partieulady the sraply isubsfrafeoofithe dirst layer
RSS! RO SERRy Sbtlel WOERS soard Ty SlrpRGment are

sé¢leated tsdhsahluasalsugwstadwlyl ldahtlcdl/bAEemaaf/@lyama/dletdwlc layer of
t hi articu substrate of

YRR afAontinut Shiten 303 Bastpufiantiyridentoal i
sthitueioand digigetiicadyer ol eie fifst ?éy%r%?ﬂaﬁ@b%nft Orls ﬁéfectlon would

| east substantially identical. "Alternatively,
aligve sisess Pem|p§9§@tlcm to e mantsied ew aﬁerrmgemm sustrates are
refdvReL Wﬁidﬁt%n‘%ﬁ% athg rof el ¢¥ {:h&isee.{ﬂ {5 t?é lo‘eﬂtlcal in both
structure to t ie ectrlclay

first pad gesend laYEm&’rwemnt@dnvmpadlculartyv\orefereerk embod|ment the

GEEEIEREL Yy % 5y BB 8 5 BB B or e
sdlegted stongveb ¢he Isagenot at lbmst@rﬁstt@a{allyrslnlnﬂiéh Idviet ]:ﬁtru%ﬂde and
rticular referr

|
oSBT AFAFERT W 18 i ALY B ey
congsinnthd ayere ar ranleemeeussteﬂﬂ@uy Sfnidr ﬁﬂl@lb&?'cﬁ’cﬁlﬁgrett@ layers,
ave r at |lea gubst antially simlar

h
Wil e ARG rer it B B d@lﬁc%stchewewopaasnst%e?’ e same
maRrpias ang HeesHhrb rth?ékh@éseﬁ/?thré;écﬂ'?%h@ﬂ)%o? etrehI%yer in the

sane or at |east substantially simlar nu
segpud digleclrigyayass. wher ei n each di screte Iayer in'the
first dielectric |ayers consists of the sanme nmateri al
and the sanme thickness with each corresponding
di[645kt e Ihaypaothear tpheferedominbbdiment,r ithe | ayeffisient of thermal

expansion (CTE) between the first layer arrangement and the insulating substrate
is selected to be substantially identical to the CTE between the second layer
arrangement and the insulating substrate. In a preferred embodiment, the CTE of
the supply substrates from the first and the second layer arrangements is
selected to be identical. This selection ensures that the layer arrangements on
both surfaces of the insulating substrate contract to the same extent when cooled
from high temperatures during fabrication. In order to carry out such a selection
to achieve equality of CTE, two supply substrates comprising similar dimensions
and materials and each having dielectric layers of the same dimensions and
material may be used. This selection can be made regardiess of whether one of
the dielectric layers has embedded IC components. As the thickness of the
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[045] In another preferred enbodi ment, the coefficient

of thermal expansion (CTE) between the first |ayer
wa@eooaigganent and the insulating substrate i s sSECESGHEUS/000352

to be substantially identicg to the CTE between the

second | ayer arrangenent and the insulating substrate.

supplyesyhséieie iscmushijagemsinan thaiof dTe diglecettie laygrpibpilt onto it, the
C'FFS' %ﬂﬁéab@éra flagé éﬁarﬁqe@enﬂg%eﬁaﬁ‘é n%ﬁ éﬁnﬁhle%actenstlcs of the

thlsbelelayeloneethwmmlymhsttdhe | ayer arrangenents on both
surfaces of the insulating substrate contract to the
same extent when cool ed from hi gh tenperatures during

f JbaéIcat iiwrond Rntictimeht) Sddsiverid appibd sbstpeent inenirsalating
ugchl eve qequallt of CTE, twQ supply substrates

gheptei an Meulwqraarrmqeém@,ntgr\% thg @r rq»falpcywm theypfogether.
TH@HGH&I\{E %é 's%lécgé’c?ﬁ[%npﬁltkf‘@lo? %%%l@gﬁhéé?% material

mat eri e use I's sel ect an be
orrﬁmmallyeswreble/vladhbeweomat@ialx Imbpahdin@cton the sspecifichhending

nbedd t
oS S R OF B o S G T T SebfegE R InSutating
substrateswouid beolithited tto trarspaféntahatdrl bevaake U‘ﬁw@ht can only
arr nge Is determ ned by the characteristi
Pashiet fqng?ﬁr@nﬁa%r@nt 91Ub§tra’{%5}/§GB¥ﬁ to LYphswr df‘éﬁ'@? Ingterial.
WREE tesrhesli bleagﬁ‘ﬁéén\’@ rﬁé’teﬁé]%'é?—ﬁe&@& V"ﬁ%ie IQ%O llmlt%tlon for

I nsul ati ng substrate and l'ayer arrangenents in
th@rlb@dé’@n@fsub&ratawdnt haen erng@dlﬁ@nt ghexwdiasedvmatenjal bahich is

théln'g\#az&itcgjlqatgléo ?Teﬁ o S§ égggl e adhesive

cura eS| Ve material,
dependi ng on the specific bondlng process adopted
teria cte t he

V\&@&]UV rabl e aghesi ve A @ dte ﬁ ﬁ t

at i nVEMFE PARSIVR HPEA B9 Iqen"f“? % Wnerd gptg?rbegessary o

ca{’@tcﬁﬂ i@ H@{h@m{gﬁi thby?m&rr@@gem?myomaiaeﬁﬂiﬁmm’fg substrate. For
ranspar-ent  sups e ctlyate

Xk e ihenPeHiE ) iPdats s seirnted b abe quBPrEike faterial

whigh ecdyele $thaERed unber ld BdrtahifBfee] Qheﬁﬁ@tﬂbﬂﬁ?ﬂs@bbﬂ?ﬁte can be
substrate. In one enbodi nent, epoxy based eri al

atigahed te dhe fiestrand {hecseemdklayer grrangemené indes the agpligation of
fo@%mbﬁ -car3ft lenhOBHRE: anfa §ém~§ need not be applied

IS unnecessary to ry out any bonding of the
- layer arrangenment onto the |nsuI ating substrate. For

oL, e ATRF ket e b R SeRuB e e U rutating

subsirste| & f§iinding procesnmayabé rwpﬁekﬂ)% rtb.ee‘lrsaan@ethe second layer
arnqa@fqtgg&re?ls%t'glﬁeﬂ?vgglgl,ﬂﬁ[yan%sttra?esseog ?H tw%y?e{yerrarr?e?rgg%%egnts are
ground to reduce their thickness, wherein the grinding may be conducted on the
two supply substrates simultaneously or separately. The grinding may be
stopped when a certain thickness is left for the two supply substrates such that
the dielectric layers carrying or not carrying an integrated circuit are prevented
from damage. For example, the remained thickness of the two supply substrates
after grinding is kept in the range of 10um~200um.

[049] In another embodiment, the two layer arrangements may be pre-
ground to a reduced thickness before they are attached to the insulating
substrate. Preferably, the thickness is in the range of 150um to 400um. In a
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force under a certain tenperature and pressure. [048]
After attaching the two layer arrangements and the

w0 p®albedrng substrate, a grinding process nay PEI/SG2005/000352
applied to the first and theg,second |ayer

arrangenments. The two supply substrates of the t
furtfagreembodisenénibet grindieg ig pararmed te goswletely remove & the supply

b

subf Ny Hettdp Rl ALY 12 Joor o

separ ately. T:’]ef?rlfndl n% may be stopped when a certain

nes e or t {

¢ RSO3 e VipeingE eringFios o Petifips i Sp R SRHE the two
layet S Rdfests With tthérlﬂsmaﬂrv{@@m@tréte)rardmgag pﬁfocess may be

exanpl e, the remai ned t hi ckn SsS of
apsvu@@ttamlgﬁwe@pmdhﬁgsqp@ W 8 tr%ﬁ% H%%%rf@%g%o%at a certain
thl%Qﬁ'éQ“SZQOF@W\alﬁQKffgﬂnbé FuAREL BRboBIRES! GRAlINg! BendtvierfaiRid, and

arrangenents preground to a feduced thickness

th@sﬂpplg wbeyat@saravemohedi solelyt by efohéng.at i ng substrate.
Preferably, the thickness is in the range of 150mmto
400mm I n afurther enbodinent, the grinding is

PgO5Pr MedHeOeteRimpl Brockys m%l'yob!@ sbleeted firphy treubsirestttechnology,

wi t hout remai ni ng certain thickpess 050 Whet
lengamtﬂyn@@nseqiwo@tﬁﬁwgb@mee%@maﬁse?f Chingg™ feftid include

Ilqh\QPeﬂtcﬁﬁﬁr 8%‘%&1"3‘8{% §nd’\féar¢t|%‘ fori Q&le@t 'Ir’ﬂ Bné léh%ddhh@nt liquid

process be applied to conpletely r Qr
etehing ds ppl’fprmeld)wﬂdillee@mained1 supplyesubsirates wheted rl1<0H or TMAH

th
arg PR R TR od “and < he supply Substrates
are renoved sol ely by etch| ng. [051] The etching
1855 TR eomrer e Ao e A e CbEtn 1 I8 biide in the

Ia@éﬁé‘ﬂrﬁt@géfﬁé:ﬁlodeﬂ s abevé.i Winedt pabdbcimg sgitl dayer etrahgergent, an
and reactive ion _etchi

eté‘i"@ﬁﬁﬁ@l ayers dil??&yyo%%mé PQRﬁl ﬁ88&¥ uﬁﬂpﬁﬂ%tﬁbg?lﬁog'\’eé% by a
dl%\%gg fmemag%b t)é}?qrrgnt téphela%ﬁﬂmﬁ@ SE?bhmg-fstbp layer
cqnsprpﬂaaa ! dlaak on combineg, siecks Phmgiarale defe'tgfgaaaeg& @ﬁgd Some
exal ef'dt re%ﬁté’l@S lﬁ¥ Be%i@é‘%l{fdﬁ mtﬁﬂe%ﬁ!NA)‘%:ﬁé&P oxide

er 1s orne on a sup Su strae
(Si©)| siliech barbadedaad @cgaric polyesr metem@h e sefection of the etching-

et chi.n yer.. Th t
s15h S BFA R e B SO R oy GBHRRmént e
etEhitBLN@p $dyep |§%él%cted fomecombined stacks of SiO, and SizNs, which is
formed on a silicon substrate.

[053] Depending on the material selected to constitute the etching-stop
layer, different process may be selected to forming such an etching-stop layer on
a supply substrate. For example, a SiO; layer may be produced by thermal
oxidation or chemical vapor deposition (CVD). A SisNs layer may also be
produced by chemical vapor deposition (CVD), including low pressure chemical
vapor deposition (LPCVD), atmospheric pressure chemical vapor deposition
(APCVD) and plasma enhanced chemical vapor deposition (PECVD).

[054] With an etching-stop layer positioned between the dielectric layer



exanpl es of such materials include SiGe, silicon
nitride (SIsN), silicon oxide (SiGa), silicon carbide

wa@ee7osx92ni ¢ pol ymer material. The sel ection oOPCT/B&2005/000352
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et chi ngstop nmateri al dependslfn the supply substrate
material. In one enbodi nent, the etching-stop |ayer is
agd the supplyrsipstattphithe leveragangerspar tha etGiidiproadssokill etch

ISy L 100 ubskrat e 3 endi n n
ahy BETSRPBY SuphaTOnEH 2B oy 4R FercbTRTRR BB thereby
prodgeling thef timlesitic Jayarewbicitamalyebs edmbédded avifrolmtégrated circuit
C&ﬁéﬁjﬂ% etching-stop | ayer on a supply substrate. For

e , a Si2 layer may be produced by thernal

oxi dation or chem cal vapor deposition (CVD). A Si3MN

I gr may_.al so, be qprod,uce,d by chem cal vapor ]

diﬁé 2 t i ohhg dotsgratedc plieth griksddade & (the digdsatdalayer is thus

tr¥9dt8fred ﬁ@%ﬁ ihé&ﬁ%‘t ﬁ% BWQ}ate?‘ﬁg@%;k?é\}ige g% @wHbfe ay be pised as

chem cal vapor ép Srtion an asma enha
a chaehaging vayhstrate pabérsinr (SERO)f posuprosessingnis performed.

i ng- ver .nosd tiaoned between the dielectric ,
R RIRar pRB-LRERoRE kbR, Braid Redee p8ider Baif thicugh vias,
bariechnggsTeirid Hiihe elaepidepentpeesn Whe | pratithlausygd F the final
. fu g%e)é substrate until arriving at the etching-stop
in @ d Giig8ieby protecting the dielectric layer which
may be enbedded with integrated circuit conponent.

[055% The integrated circuit enbedded in the
di [BBBLt r i the Hyention is further dirastesl toeal multidayered integiated circuit

10St c ' Who ed as.a .
dé\hjéipac .a'glf?éngieé/u%S??@ng%%]%ﬁeﬁﬁu%tlﬁgﬁ@gf%*/e Bf WARH &ire a first
diplestricplayee ssattaches. fesécontkdieldctdetdyes ivhttached to an opposing

f- Cessi incl.ude, formn ads, .sol der bal] ,
s B 6T ERURnp Giv 4Rt i ' PR Intadrate ciauit cgmppnents
andelgted circaitd arespreefaplichted dritbak Idazt 866 A &k first 8HA the second
di{a,lg%% The inyention is fyr%her_ directed to a

FEc. yGEs: eths Airepeament of teaidiclgeliicclayersnis swsh that the first
di6IeBRIci 189S iBTalighed vl the SebRlAbIBCHR Ié'gégﬁ %ﬁiHélf #ESir& and the

first dielectric layer is attached. A

segpBfl edielaciq iuers | avesiepasiksianiialmaeipss sthey insulatingesabstrate,
théitBy HiRY i3 *ﬂ%Lﬂéan%' ?Laﬁ@t%rg?é.. e ‘ﬁ{ést 'bg@g&f%quer can totally

cirCult conponents an e Cl rcul

_orpagtidliyvieciapenh thetsecandldizlectriotayarf the first and the

second dielectric |layers. The arrangenent of the
dielectric layers is such that the first dielectric
| 498T] i s lal genedl, Wwidrpihge of ethenthalilgtirec tsubstrhy 6§ . d8@ to an

imi)g%tncteho% ifn.{errfatciaefns(%retsrs]eon opposing surfaces of the insulating substrate
caused by unequal contraction of the dielectric layers when the fabricated device
is cooled from high temperatures in the course of fabrication. In order to minimise
such warping, the coefficient of thermal expansion of the first dielectric layer is
preferably at least substantially identical to-the coefficient of thermal expansion of
the second dielectric layer. The reason for so doing is to enable the two surfaces
of the insulating substrate to be subject to the same interfacial stress that is
exerted by the dielectric layers on both sides of the insulating substrate contract
to the same extent when cooled, thereby achieving stress balance between the
two opposing surfaces of the insulating. In a specific embodiment, the stress
balance is achieved by attaching on both sides of the insulating substrate



second dielectric |layers overlap substantially across
the insulating substrate, thereby sandw ching the

w0 p®albedrng substrate. The first dielectric | aper/S6ezm05/000352
totally or partially overl ap,en the second dielectric
| ayer. [057] In general, vvarpl ng of the insulating
idarticalathick §redand second disciic %y@fs haviagf alsd dhe stams hermal

faces of the insulating substrate
<S8R

y unequal contraction of the dielectric |ayers
when the fabricated device is cool ed from high

te at S|nth course of fabri i 0 rder to
o TR VTR it soTrieeas e pRRR | oheoRist jAlha Sebtnd the
5 deReans iserotahhe émr §€|b§thﬁb@‘€ﬁét' i§ d @d@*cdrﬁju@f&f&réé&tyicnty but
at | east” substanti denti cal the coefficient of

cen&t the sanpdine §Hp@¢rt eie@t@@teélﬁd" Q{dSeWB&Q‘ dissinadiperminimal energy
r{ﬁ?é?&nﬁ A et d?g;gi@?l A erB%@é&néb%téﬂ?ngS%gQ@g%e 9hd include

he” i nsul at 1 ng ect
matemal‘s astical asnaoecﬂamh(a:eramlcﬁxmlctaecglags tplastitise lamdt thecoxides of

Vel odtate, Hinlstin s o aio b iScIon drah,standard liquid

10 ep6RY, POIYithiGs,r FofoNyanaR RESiNEBP pblelckedP rédiR 9aatdals, etc. One
surfaces of the insulati ng. In a specific enbodi nent,

preferred reégmm%péﬁc@emtr&cma&faﬁ wiyctacandia ueedbRrasandy is silicon
dﬁ)ﬁfes é]b sec 82’?&8 eaﬁ'gl%w ﬁl‘g c‘%‘?%lt&%é paf(_)é“itn%lglatlon at the

rst-and ectric
freatreerndhef nal lirex @ends |suff iciem iy f Iomv—bntqro$smalk}frém énsulation dletween

riPBahER wiing eflefth ot bibe, el B0, fAGWBRE "sh gy, densely
15 populdted chipofeat| estatel and ythebintrodactiont of W@N-seﬁetatnlcmanterconnect
TEAIBR Tk CORBOR bk SenFind ey Bt e PySSES: This! eef Praterals
withtI8WweR dfelddtic TohkEmtafst lhf@émdﬁ@bgmaﬁbﬁsw hiyher dielectric
porcel ain (ceramc), nica, glass, pl astl CcS,

C‘é’)’@"é@@ & gale Als capeeiiay a@"éqaé'@f‘?’l wilkdee ?ﬁm'Ee%aW'th smaller
(g?&]lﬁﬁ%‘ﬁﬁoﬁéﬂ@ Sleneaer ol h@%bgk%é)’alg may Ibe needed.

cyanate resins or powdere
20 waterlals etc. One preferred exanple of a dielectric

g?g%@agl (@figﬁ% _gﬁ@loggnéﬁeqhgr(?e?ﬁ% lféfnﬁér ébMp?lQQs a first supply

provi des adequat e
stnbsjl’ate apdca securel gaiply sulssir&tm ‘Blne atsttsbppmsmhlstretﬂjlscﬂtta:hed o

e and sufficiently. | rosstal k-free insulation
st Mt AGirtas Bkents i g sty BVer BrféngsRiacity did e Second
smhméfls HithdhatP i@ tHeNssdond Amleatie dagdi o rfddh asssdohd layer
and the introduction of |owresistance interconnect

25 apgpgemant ThesupBlypaiibstrgte) is iypicaly Presgnt et aptemporal artefact
oM LBricdiitt of i GkldBEEyal 8ind the integrated circuit components.
The supply substrate serves as a platform on which the dielectric layer (and
circuit components therein) may be fabricated so that they can be transferred
with ease onto the insulating substrate. Once the dielectric layer has been

30 transferred onto the insulating substrate, the supply substrate can be removed.

[060] One or both of the first and the second supply substrate preferably
comprises any material that can be easily removed by grinding or etching. For
example, metals such as gold or semi-conductors such as silicon can be used fo

35 fabricate the supply substrate. In a preferred embodiment, the supply substrate is



with lower dielectric constants for interconnect
applications and higher dielectric constants for gate

wo@eoocapmcit or applications will be required. VWE&TNSG2005/000352

10

15

20

25

30

35

smaller integrated circuit CZ onents, even | ower or
hi gher k materials may be needed [059] In one
seleptedi from eleh‘ferttaivisﬂieoth,urndltersﬂmnprgdds aurhinism, nickel or a
. rate and a second supply substrate. The
C?%@ﬂ*@ﬁgﬁ%{?c@ubstrate is attached to the first
di electric layer to forma first |ayer arrangenent,
IS, attached to the sec

&]é.ggtrl ggi}@i‘ Stro?‘ﬁasya?ec%ﬁ%l CRRPRFiSg ?Hﬁgé%%ticauy non-

cJﬁ&:cﬁM@phVatéﬁé]Stsfu%heaéSPFa)éﬁd:é?abia)és,prc%%ﬂtcsasruBber and organic
enporal artefact from fabrication of

matenialded. & Ragrd Réhdsaries)i i erg amhwdinesiithe insulating substrate

o5ABTREE A AR S PN BT SRR o o

flamer retardanbfRef. FRBY iaminetbssard batnnidrdy used dsebase material for

PEHEE R bt T T B i hRSBDs GIAMP RN Ao §#V-0), and

T "4"iﬁblicﬁtésﬂ9 vatbslbsav&infdrbed & shyibstrate can be
?Q@rmved 0One or boph ro ﬁ@%{‘?érst and t he second

supply substrate preferably conprises any materi al

Lhlean ffa Bidibliba AIRNAMRY, e ' dYcAya, s Ano il one or

uch as em -conductors
mexse sa'td:hingtstamlaylaes tcsfetérmma‘hagrtheaatehmgeacsupmfyan etchant in the

b d di
ot ¥eh: & heluPl s eBl dRurEre dne RCpRV B, The etching-
stopl lagemis PsHitibneal bstvalennthensuppdy sabsteateirtyl that dielectric layer of
The insul ati ng substrate can conprise

0%%%:89@1 L)?Sfétﬂyfon!ﬂt'@an%m%@g entgt dheaete reasﬁtq.ps layer may be

sélbarti fiem rBhRfigls ARNME SiGe] SRR nﬁwuﬂe (EIQ‘QI)' §maat Bkidd! (Si0y),
e.g. FR- and RO series). In one enb

Slﬁ%m earbifte saisht ergeaic omtvmés rrsatem%trreetca Jan dam@ther preferred
f S ial -
FPLBINAY; OB gk B SI0p Hnch 960 2T B ok hBeponing
stap layare material for printed circuit boards. The term
"FR' neans Fl ane Retardant (to UL94V-0), and Type "4"
i ndi cat es woven gl ass reinforced epoxy resin. [062] In

a [068] er r ladFigive i, rmmaxanipm dé\ancmtermateﬂupaéme circuit is given.

T MeHPA pashie ATt D ARRTaAL GRing BIGRRPhTRlogkcln the firs

st@psas véHvdh dn qtiﬁmé a A ety dtep Uapérst 43! eI éee thﬁned on a
pply | ayer. e etchlngsto | ayer”is p03|t|one

S%lcﬁééhc’fph Subsitaey1bupks %’rlbé’ giigon neafer.elne s iebegdiment, one
eteﬁmg stop layer 13 is SiO,, the other layer 15 is SizN4. The etching stop layers

can be formed using method of thermal oxidation, LPCVD or PECVD. In the
second step of Figure 1B, one or more dielectric layer 17, with passive circuit
embedded therein, is produced to cover the etching stop layers 13 and 15 using
standard silicon wafer process. After this step, a layer arrangement wherein a
silicon substrate carrying an integrated passive circuit is ready.

[064] In one embodiment of this invention, the layer arrangement as
shown in Figure 1B is pre-fabricated using any existing technology, and the
subsequent processing is directly applied on this layer arrangement. In another



one or both of the two [ayer arrangenents. The
etching-stop | ayer nmay be selected frommaterials such

W@200%083972 silicon nitride (SJaN ) , silicon oxP@ESG2005/000352
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(Sid2) , silicon carbide and organic polymer material,
etc. In another preferred embddi nent, conbi ned stacks

effbodirkBnnghisS iAMEntfre rﬁéyedal*a@ frvlwdd f’tﬁeebféijsn@ﬁtmbncatmg an
Iayer [0631 In Figure 1, an exa Ie of an mteglrat

infagrated RASIME (CICHItgPY e St i e process of
f#ﬁir{cgyhé an~°1nf Pétb@ ﬁqa‘%glvé LirBGit QN% |h§t91ﬁﬂ|% %GMstrétB the

tepa sho Figure 1A, etching stop |ayers
13, 15 are forned on a seni conductor substrate 11,

D aﬁ]gbg ogb |d'lycgr'to‘1‘gfq‘?.g'esk riS'r?:‘fe hgt - o Hansferring an

irffe@isfed paesiet cdmoug fmmpa kiigen substratee1 dormd mwlatgmg substrate

FEER ool S AHSH i B Bridsmiseats oraided aiifhgas same

strictuydd Bs RRBRIN B Figuld 1Bn@ﬁ<§éiﬁtthémeebmhe SieRcaUBSEr 17 of
to cover the etching stop |ayers 13 and usin

tha dwaaleyesiariangemestts rmay cktee@soduqadewthhpé thtw% retal pattern

lrtsﬁé'eerl athéﬁ?ﬁ%"@ e, WEfLIMG p?%&\/&%qrcgﬂbeﬁ'{\%%feq:ﬁt fﬁfé Qfblectric

egra e assive circuit rsre
layeh dai. mtsvertbélesht at leaskone of the heo Ilwrarmngmmsmu&ts:ontam
shown in Figure 1B is pre-fabricated using any
aekt’fésr%tsdtpégﬁ't{8|°tfaw and the subsequent processing is
directly applied on this |ayer arrangenent. In
anot herenbodi nent, this invention nay alsg include th
gt @Cl@(ﬁf to an

st 066lof {mdiiguEs 2y e itwe clgvar cuTasigements cale
u%ugdrttlr\'gggﬁbﬁtéttétﬁ@@ 24 Nyih EB‘HH@%R}eefIPﬁ Q58pRd19. The two dielectric

tlng an |ntegrate passi ve clrcult on an
ldyessi| Bt iatg amdrgecitie. facestle iwe opRering BuUFiager ef dhe gnsulating

sBb&LAE" #1 rgéﬁéﬁqﬁ%tyogucgﬂ gﬁtftﬁ%r tn%@@%ﬂpa&b%%ff?% ?alr? sandwiched

passive circ icon su
betvmérathen’gvcs ldyst aataegémemm Thesafitadhing pecass iSwariatyeut using

bgﬁéﬁg%{ggpr{iqs]at%rng 83 @%ecg M&b ﬂ%@r@ﬂﬁn@éry %Cﬁét"t& Ste‘?f?perature

afti®résdurec | ayer 17 of the two |ayer arrangenents may
be produced with or without nmetal pattern inside. In
the | atter case, there is no passive circuit enbedded

édﬁ?f]s dhﬁb?%dﬁcﬁné aHRr tWd - IaV@VeértrQ%%eﬁﬁéntsaw’dheQﬁé insulating

he  ayer arrangenents contal n

sulnstéﬁea%dhpa@lmomesubst@t@& 1[rgegrindedrHgiilr @ thigknesgeof 10um ~
2bBRm RUEf G EAQY FOEIIERt dlliCoRiSUBERER §2. e reason of not grinding
away all the silicon substrates is to prevent possible damage of embedded
passive circuit in the dielectric layer 19. In this embodiment in Figure 2B, two
grinding machines 100 are utilized to grind the two silicon substrates 11
simultaneously. In another embodiment, one grinding machine 100 is used to
grind the two silicon substrates 11 one by one.

[068]  The rest of the silicon substrates 12 are then etched away by liquid
etching process with KOH and TMAH selected as the etching solution. The
etching process stops at the etching stop layers 13 and 15, due to their
insensitivity to etching solution. In another embodiment, etching process can be
directly carried out without grinding process. As a result, the integrated passive



i nsul ating substrate FR-4 21 via adhesive film prepreg
19. The two dielectric layers 17 are arranged to face
w0 b@70¥37Dpposi ng surface of the insulating subSL/s@2085/000352
21 respectively such that t\t)\g i nsul ati ng substrate 21
I's sandwi ched between the t | ayer arrangenents. The

olﬁt:tuacﬁmbgddﬁdmresmel Glel?trid ¢alyepu19 Usi surcdessidilygranisferred to an
am pati 0 re of .PCB packagi ng under a certain
%ﬂ%@%@?ﬁ@%& ? e%‘:? @‘ér?]éekfter bondi ng the two

| ayer arrangerrents with the insul ati ng substrate 21,

the sili con substrates 11 are grinded until a
t hil@@ess DA segend-enhrdiment nr@fgrmwgeﬁdpﬁrfcggmdt bgfere bonding

5 tﬁ% lt\}v{}‘?éé/ IL%? rf)tgwnﬂ%hﬁerlﬁélﬂgﬁn%%uﬁ%atgﬁﬁql\%?héwﬁm Figure

strates Is to revent possi
3d>arﬂagday;ér anaagmdnbssprafgroundcusmgmgrmémgu wiacbinei 100 with a

RPNV eat A2 o K080 B dhosh & i f i subgrete t1ais

1%'0 hfon 400k ahes tidd lBiyet | dresnrensdnts éﬁel‘armé@ﬂhdmg are then
odi ment, one gr.inding nmachine 100 is useg gw

afiehedd Sandwieh %uagwlaam%uhqtr%ﬁ@%@s gxlal 6'8]?" @ 2A. Inthe

10 fir &S%n‘r'ﬁod'icfhg?{s' Lh C98h SRS Hilat eﬁ ]%_Iﬁ{sﬁgbﬂeﬂeﬁ&é’%?\e%é%ulatmg

¢hi'ng process wt TMAH sel ect ed
smbstrate 21 (almdnlgvoslayet aoang@ments. dhithg secood sambedipengof Figure

ootk Rl BBoaPi 2 ol lis Srei"higdth the two tayer

a?fﬁ?@@m&gﬂé unééﬁb&aﬁ@n peppestucaand preisuestif theciasulatiolg substrate
out W t hout ndi n
et afbb Ak DeteTiaL I oY Reeslrd B eh g gettain dorce.

15 Iayer 19 is successfully transferred to an insul ating

substrate 21 as shown in Figure 2C. [069] In a second
emf@Wlrentdn theengki ridemg th |%9Q9ﬂde§’r PHHCHIER ofan RI@Erngndergo a

Pfgolﬁe‘!@ lrlﬂgfﬁg %& %?&ﬁﬁ@rﬂré%é’!st %rte{‘%dgﬁgkﬁﬂ;’é‘e?xrocess, similar to

hown™ i'n ure
the first gerhodimiest @xmalgedlamva& ng a grinding machi ne 100
Wth a certain thickness left. Preferably, the
t hi ckness of the left silicon substrate 11la is 150nm ~
20 40(!07\1] Th%ﬂauhbamgratampgmetmrmﬁtt isr affachegt iondtheginsulating

ShSeecA M AP ALY 2R USHH e PACATTIG BT AR, Fiaure 4
ua& étﬂﬁ@%io‘éﬁpfdde@&h@ wmch mesy beppferedror this finalldeide) guch as

substrate 21 and t | ay er arrangenents. bn t he s%% ﬂq
Wi metal

opentng pagh 3bf opmwrspl@@ b3l produrtodnmughayia
P Rctd 85di parded with the two [ayer
25
[072] Although the present invention has been disclosed and illustrated
with respect to preferred embodiments thereof, it is to be understood that the
invention is not to be so limited and that other changes and madifications can be
made within the full intended scope of the invention as hereinafter claimed.

30



arrangenents under certain tenperature and pressure,
if the insulating substrate is made of rubber-1ike

woredognizi2z whi ch nay be stretched under a cert aPeI/662008000352
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[070] In the next step, the Eﬁnded structure can
ei ther undergo a conbi ned grrndi ng and etching
process, or a single etching process, simlar to the
first enbodi ment expl ai ned above. [071] After the
Whatdg citimedgassi ve circuit is attached on the
i nsul ating substrate 21, the whol e device may be used
as a packaging substrate. Figure 4 |lists sone

post -pr [ ' ) ' i pal; :
beft LSRR Q2 AR LPEIT SoBRokEhg o B msuatng
33, anBsksaedasmpasingr ough via 35 with metal 37

connected at both ends. [072] Although the present

i nvent i on piagdingera difissfl deyer aadangement agad @ t second layer

respect to preferred enbodi nents, thereof, it is to.b

UndoPStasgaM Rk STdtbiay Ry BHENGRMESt RBMPSNGER SUPPlAUps]ate and
d thag . dif.i i de...

o thith 1o o2, BT eeefRe T ThL HRIAERT, ffe JSald tayer

her eigpafrigemeitatompridihgithé mteégmite®diredt cdmpdnemtihokinf
forming an integrated circuit conponent on an
i nsul at i ngtiscbingr she, firsbnipyérsianpngenwantdiong oaef isugace of the

2 e e B ek s BB ARE o hement
di el 928ihl fnd MeBlatinhindhisteeshai ¢ | aver of at |east one
of sali ayer arrangenents’ conprising the integrated

circuit ceapenmattheeceht layrtacdigemdriton an sppbsingrsurface of
arrangenent on one surface of the insulating substrate
wi t h théeingulating t substraty ewithhfthe hdiefaotrig laygrepf the second layer

arrangenent facin he. 1 nsul at i substrate, and
attaﬁ%f%@%ﬁ%‘a&gﬁ '&?B\%%HQPHES%?F&m on an opposi ng
surface Ofwrfé?éini nsul ating substrate with the

dielectric [ayer of the second |ayer arrangenent
f aci ng t héhe risstl layemarangernenit and \Whe second tayefriareangement are

| ayer arrangenent and .the second | ayer ange t are
so alsPaAfanded QasrRIHWEh &t IFealse BSRGh: SN aling substrate
I hsu lbaétt\}vggn ﬂ#g’ﬁ}s'i 8h§ the second layer arrangements.

2. The method of Claim 1, wherein the properties of at least one of the first
layer arrangement and the second layer arrangement are selected such
that interfabial stress between the first layer arrangement and the
insulating substrate is compensated by the interfacial stress between the

second layer arrangement and the insulating substrate.

3. The method of Claim 1 or 2, wherein the first layer arrangement and the
second layer arrangement are so arranged to sandwich the insulating
substrate entirely between the first layer arrangement and the second

layer arrangement.



between the first and the second | ayer arrangenents.
2. The nethod of Caim1l, wherein the properties of at
wo e@3n4dme of the first |ayer arrangenent and PEESG2005/000352
second | ayer arrangenent are sel ected such that
interfacial stress between th2lfirst |ayer arrangenent
ang t [ sdH%s
méhérifpg?:l i étaﬁdés%gl bet \A(S/ef(reéﬁitat LIi’jstg dng ighe{ﬂeb(}"c‘kﬂgss of the first -
arr an@geearraagdmhe is Bsletied fogbs @b%d@twbs&ntlﬁhﬁ identical to the
met ho f Aaiml or 2, wherein the first |ayer
arran %@Q?@C%@déwar@"@er&?mangemnt are so
arranged to sandwi ch the insulating substrate entirely
between the first |ayer arrangenent and the second
5 | ayerThe h t N :
oS I L PRI RI o of 18 stby Suobtrate In
arr an‘@\erfmat laiysr arrbegement is detected It@&etatsle@atsimstaﬁtiauy identical
i dent | &ﬁﬁ to the thickness of the second | ayer
ar r anigeRBRUPPY subisératrptibe sscoad daver arrapgemsant. t he
t hi ckness of the supply substrate in the first |ayer
arrangenent is selected to be at | east substantially
i dent
Ao B Rl 21 OoRabln 3% ARy Bver of the
10 5, wheeceind laper ahrwhmnemtaslwieﬂted)to bbatdeastrslibstyrtially identical
- arrangenent is selected to be at | east substantially
i dentNSHUCiyede the diglecticlayreotine fisst layer amgrgersent he
first layer arrangenent. 7. The nethod of any one of
Claims 1 to 6, wherein the value of the overall
cogf i aidthed of BAY Bie @@I@ﬂﬁé qntooé Whérel rth% vélﬁé‘%{f the overall
arrangenent is selected to be at | east stantrally
i dentgaedficient efibernalexpenstdneoiiher first layeehfnamigemenols selected
t her ansj on econd | ayer arrangenent.

15 The :Féltb@g%ﬁsg td%s%fnfllaﬂ ical torthe valug.oldherquerali coefﬁCIent of
Coeffhéirﬁé‘lt?)&faﬂ‘éfbfnrmhe B85 98 9frah nﬁ&m@HPpl y

Ssubstrate rst a er a ran e I'S sel ected
to be at | east substanti aI [y i dentl cal to the val ue of
the coefficient of thermal expansion of the su

pl
suBstkha eethod 1pf Glatbna whsrein the a{a@@n@hthe goe%c'@%t of thermal

t h f Cla the fi
ayeafhaRlL A e bR St oyt Tt dayheangement is
20 attacgepstié®td Be at least substantially identical to the value of the coefficient

of thermal expansion of the supply substrate of the second layer

arrangement.

9. The method of any one of Claims 1 to 8, wherein the first layer
25 arrangement and the second layer arrangement are attached to the
insulating substrate at substantially the same ambient temperature and/or

the same time.

10.The method of any one of Claims 1 to 9, further comprising applying an
30 adhesive between the insulating substrate and the dielectric layer of at

least one of the first and the second layer arrangement.



I nsul ating substrate at substantially the sane anbi ent
tenperature and/or the sane tine. 10. The net hod of

wapg7os7nf Clainms 1 to 9, further conprising PEPEGRH05000352
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an adhesi ve between the insulating substrate and the
dielectric layer of at |least Zhe of the first and the
second | ayer arrangenent. 1l. The nethod of C aim 10,
wherein the adhesive is selected froma group

condi. The meethdd Jf tClainYi10), @iheldiM)the HdHelskeaighasiboted from a group
material and thermally curabl e adhesive material. 12

The neansisiingf ofabltrandolet (BVaiawsallet adhesiver matasal and thermally
conpri si i ndi n he first and the second | ayer

arran ﬁE%t%n}eé'vreergaﬁeélet"he t hi ckness of the supply
substrate before attaching said | ayer arrangenents to

the insulating substrate. 13. The nethod of any one of

G di2nbhd methddLof Ay dbhe of Otatmisi Sio 1, Fuithet e8mphsingi r st
and the second | ayer arrangemants to reduce the
t hi ckness @rinding:tha,fifst pndbetseqond dyesareangeemeniy te agduce the

oL AR oty OBSTLBTE bBr d or
ool AferdiinaitRb olBldif e Bbugpe first and the
er S

secon arrangenen fter attachnent thereof to

the insulating substrate. 15. The nethod of any one of
Caims 1 to 14, wherein the su pl% substrate is
selldcThreimetiod af amoone obkdimsi hip bt, furteereamprisingi con,
poly-silicon,.qgold .alumnium nickel and a

Corb nat | EHEET s S ARgrbe Reofind ffer Btpripments to reduce the
a ai gy . , o C .

el copSanp R of theSa5 Y bubSfatel et Tty 32 BPr afangoments
r ubbeo theirgatatingsubstiate. (e. g. FR- and RO series) and

a conbi nation thereof. 17. The nethod of any one of

Claims 1 to 16, wherein providing said first and said

ot i fg BeBlo o SRR o P Rt MBI & ana
form ng saitéhifly elhecislpfly! sMSstra38 sMenL RS BAJSHRP second layer

| ayer.
arrangements after attachment thereof to the insulating substrate.

15. The method of any one of Claims 1 to 14, wherein
the supply substrate is selected from a group consisting of
elemental silicon, poly-silicon, gold, aluminium, nickel and a combination

thereof.

16. The method of any one of Claims 1 to 15, wherein
the insulating substrate is selected from a group consisting of
ceramics, glass, rubber, organic material (e.g. FR- and RO- series) and a

combination thereof.

17.The method of -any one of Claims 1 to 16, wherein providing said first and

said second layer arrangement comprises



18. The nmethod of Claim 17, wherein the etching-stop
| ayer is selected froma group consisting of Sig 2 ,

wEedRd4mmd a conbi nati on thereof. 19. The met hpar/862005/000352
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Caim17 or 18, wherein the etching-stop |layer is
formed on a supply substrate ¥y a process sel ected

o e B o S bt
deposi t i onfofrRHG\4aid didlsctrit yerbhale @fcl'mgéswpela?ér.

Clainms 1 to 19, further conprising form ng at |east
one integrated circuit conponent in the dielectric

| ayer | ea on f said first and second | ayer
ar¥§n5@%1€ﬁ§9°e%*s§laﬂ‘ﬂg‘7?r¥\ﬁ%%f“of Cl ai m 20, wherein the

al |east aRg deiRGSRPHhyet FCHbibcRAMRAAS brd | & si
the dielectric |'a€{§r ‘Fk;yyg pr ocegfséese e?g§®réﬁﬁﬁ#&8'02’
fil m3SigNhand agpombihatidn thereoft echnol ogy, and sol - gel

technol ogy. 22. The nethod of Caim20 or 2 1, wherein

the integrated circuit conmponent is selected from

TSHEt) B  o  S S E
pads, net %re‘@télﬁﬁ%-gﬁi/y %g@ﬁ% Bitfed gn‘ﬁ' 4 sﬁ%ﬂg/ '%ﬁbéﬁatteeta/ a process

function bl ocks. Vi ce carrying a ntegra

ci r cselectediimme tihernt roxid=tiong l@w fpressurdi ablegtit 4l vagorydsposition
attached to a surface of an insulating substrate, and

a sedbRh&\d)anstplasma efnancad chemieal vepandeppritiomPECVD).
surface of the insulating substrate, at |east one of

said first and said second dielectric |ayer conprising

t heoi THEMeMRLoCA oHd ofCREA8aYH 1@3@@%& iRy t he

first dielectric I'ayer and the second dielectric | ayer

are so ar rfamgied atdeasindmeé dhtegtated asitcuit qoonporent dh théalielectric
i nsul ati ng substrate between the first and the second

di el é%lﬁfiog atxﬁﬁeﬁtgneﬂi.safﬁrﬂfsmw secend layar arrangempatsei n

the value of the overall coefficient of thernmal

expansion of the first dielectric |layer is at |east

SuR$ITHY infdthyd | 6fe Tldiga 20 avihédreiry ahgleatofedsh ey @itabtated circuit
coefficient of thermal expansion of the
component is formed in the dielectric layer by a process selected from thin

film technology, thick film technology, and sol-gel technology.

~ 22.The method of Claim 20 or 21, wherein the integrated circuit component is
selected from transistors, amplifiers, transmitters, LEDs, inductors,
capacitors, resistors, RF filters, |/O pads, metal wires, antennas and their

synthetic function blocks.

23. A device carrying an integrated circuit component, comprising
a first dielectric layer attached to a surface of an insulating
substrate, and a second dielectric layer attached to an opposing surface
of the insulating substrate,
at least one of said first and said second dielectric layer comprising

the integrated circuit component therein,



second dielectric layer. 25. The device of Cains 23
or 24, wherein the structure of the first dielectric

wo a90e1043mzl t he structure of the second di el ect PCT/SGAWEN00352

are at |east substantially identical. 26. The device .

of any one of Clains 23 to 2524wherein said insul ating
substrate Lihses a material selected fromthe group

consi sting of ceram cs, glass, rubber and organic

mat eri al  ( ¢he firstReictortriR@ayesreang@sthe 8dcontheliglevttieelagér are so
any one of Clainms 23 to 26, wherein at |east one of

sai d Alasgedntp Sandwichc @tdlepsl/ & poarfiem @it snsuletingrsubstrate

o T npShredtlit et 2] e osh HeBEBGIRETST any one of

5 Clainms 23 to 27, further conprising a first supply
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substrate attached to the first dielectric |ayer,

t hé2deipef devicer @f Claim 23, vayereirmtheangkriesot theadderll coefficient of
second supply substrate attached to the second
di el etharmal |expansionhef dg first eielgctric slayends |atyleast substantially

i ok REREeR ot el OByl o Flent of Rfinal expainsion of the

t hi ckgg, ielddgicagend supply substrate are at | east
subst an‘?(lﬁqﬁo{jl)? "dent ?Céﬂ .30. The device of aim 29,

wherein the supply substrate is selected fromthe

group_consi sting of elenmental silicon, poly-silicon,
gol2®. The daviseuoh Clainga @B armit, avieereds et stoucturecofibie. first dielectric

1. The ice an ne_ of aims 28 to ,30.. wherein at
Ieastlagﬁg gyd g&?dsﬁpﬁy{’e acﬂcdﬁl% i PP oﬁée'?%wgmyef are at least
ar r anggpRahFalhudéigg.conpri se an etching-stop |ayer

positi oned befween the supply substrate and the

dielectric layer. 32. The device of daim3 1, wherein

the etching-stop |ayer conprjses a material selected. )
fr %‘@dg"'@ M any e, of oRiGiIMEL 23ntor REr everelss said insulating

devi o8 1y | Afinffbds bRl Lhbah! AR lhun consisting of

conprising a ayer -arrangene

supp! serathied, (g sy, Alsber adlUQirgéhibi lﬁa’deﬁ_ﬁﬁﬁe.?.tltﬁﬂ@@ R skries).
surface of an insulating substrate wit he dielectric
| ayer of the first [ayer arrangenent facing the

! niL}[ 'F‘ﬁé Qdvice of any one of Claims 23 to 26, wherein at least one of said first
and said second layer arrangements further comprises an etching-stop

layer positioned adjacently to the dielectric layer.

28.The device of any one of Claims 23 to 27, further comprising
a first supply substrate attached to the first dielectric layer, thereby
forming a first layer arrangement, and
a second supply substrate attached to the second dielectric layer,

thereby forming a second layer arrangement.

29.The device of Claim 28, wherein the thickness of the first supply substrate
and the thickness of the second supply substrate are at least substantially

identical.



substrate, a second | ayer arrangenent conprising a
supply substrate and a dielectric |layer attached to an

woppasing2 surface of the insulating substrate PT/RG2008000352
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di el ectric layer of the secog? | ayer arrangenent
facing the insulating substrdate, the dielectric layer
of at | east one of the |ayer arrangenents conpri sing

the integrated cjrcujt conmponent therein; wherein the
f i 3G heHRviIcePh Glvirédn whareinthe supebyreHlsiipts is selected from the

por ¢ DR pondiefe 6 PR SEr 3 HlicuEar §dbrium, nicke

and whe =seshbitatiy Blerésfl angenent s.

31.The device of any one of Claims 28 to 30, wherein at least one of said first
and said second layer arrangements further comprise an etching-stop

layer positioned between the supply substrate and the dielectric layer.

32.The device of Claim 31, wherein the etching-stop layer comprises a

material selected from SiO, , SisN4 , and a combination thereof.

33.A device carrying an integrated circuit component, comprising

a first layer arrangement comprising a supply substrate and a
dielectric layer attached to a surface of an insulating substrate with the
dielectric layer of the first layer arrangement facing the insulating
substrate,

a second layer arrangement comprising a supply substrate and a
dielectric layer attached to an opposing surface of the insulating substrate
with the dielectric layer of the second layer arrangement facing the
insulating substrate,

the dielectric layer of at least one of the layer arrangements
comprising the integrated circuit component therein;

wherein |

the first layer arrangement and the second layer arrangement are
so arranged to sandwich at least a portion of the inéulating substrate

between the first and the second layer arrangements.



