I mproved Integrated Circuit Substrate Material and
Met hod Background of the Invention Electronic

wa@oeomponmm s, such as integrated circuits are bepCDUSIVI4/002707
nore and nore common in various devices. Under certain
circunstances, it is inmportant for the integrated

circuit, substrate .to have wvari ual i tiges, or.
attri buvBErOveRdhtedrated Qligft Substiate liatcialand Method
agai nst other qualities. t is sonetines inportant for

the substrate to havegRKdrB8RERIT tRRNAVEHEVHt Y, | ow

mass, | ow cost, |low direlectric constant, high

strength, etc. Dependi ng upon the application, sone of

t hese qual idj [ rran - he. ,
the desi gn lritléécg?%nrr%g)léé)g‘%tobggté’- os?:?é’ %Sg “#EQ%?T%BZ gCﬁ'Jtaﬁ'éss a?@%ecomlng
desi r edoguaid mbescarntlontimi eamausi davivese aindssestaandrcumstances, it

costs.. Accor.di.ngl t here, exi.s need . he . .
naustisy Paa e e S R G DeaERG PhevEnyarips piplites or
ci r cuidttribulest r@ftes cehaih quadtied fre ichldicedeadairedt ethari qualities. It is

and physical requirepents of, current . -

Gl et rERTTIRS IR NEIo! Hi S BRHE DY o4 sFaaLsonghg vy, low

Eelto:mdnég, lmraﬁétacdeaiem:tm: s@st a&ﬂ,ngi_gﬁts@én@ubétd abeperfding upon
ol | ow mi crospheres i s presented. e aratus m

conpr ({38 SALCHPI SOME AR BaliiendBanPeriotH RPEEE fan others

ar e bopdnk @@&igRaEammakePkdde oty todhikiftlze HRaddsEd Ylalities with

firi ng\t the matrix. The apparatus may conprise

gl ass-lBeateimug wegkepsses @ARicESHSi cr ospheres that are

bound together by sintering the outer |ayer of glass

at a tenperature that does not nelt the )
15 Accordingly, there exists a need in the industry for materials that can

be used for integrated circuit substrates that meet the different electrical and

physical requirements of current electronics.



gl ass or ceram c mcrospheres. The apparatus may al so
conprise a glazed surface. A nethod for manufacturing

wa@a2esoienduct or substrate of hol | ow m cr ospheP@FUSB04/002707

presented. A nethod for manufacturing a sem conduct or
substrate is presented, which may include conbining

hol | ow m crospheres with a matrix, drying the matrix

of m crospheres, and formng the matrix of

m crospheres into a s&umansiycDTheulpsiontion The

met hod for manufacturing a sem conductor substrate as
present ed rmy al so include glazing a surface.Bri ef

Descri ptiopnO; PEQl%tLQ' AU FRetholOFS mf&th?n a semiconductor
appreciation of this invention, and man The

at fenddbatraielvahthedey rHepsriferes is| ptﬁ@en@eidl | Yhappeeaatus may
as th

The 1ol o oG dars raa e d st e e bRl FRahd foetrer in
conj uAdbatioK byidrinng Weeadiog @nﬁamg/thegndmawm@&apmrabbs clay comprise
like 0 I he sa

comporlase <o e DR rr e ifgbPferBEaRaaré 8Bun togetner by
cr osssmta:rhgomal omiér ‘c"aylaolof @Vessi xtr@@hﬁér%tdré taét:db@kﬂﬁﬁte melt the

vvi1{)h a@ enbod of grcﬁent | \{entl on; FIG

i 1'Must 8?é’§°8ra@?'8§§cr§ée??r8 al S@PBaa%ﬁWyﬁ'S%?meweaglazed
m cr ospifeyees i n accordance with an enbodi nent of the
present invention; FIG 3 illustrates a

cross-sectional of a hardened matrix of holl ow

m cr ospher gSmethodCR! HanGacitihg é‘%eﬁﬁct&?@'u@%‘ﬂtsﬁstréfée of hollow

present invention;
microspheres Is presented. A method for manufacturing a semiconductor

15 substrate is presented, which may include combining hollow microspheres
with a matrix, drying the matrix of microspheres, and forming the matrix of
microspheres into a semiconductor substrate. The method for
manufacturing a semiconductor substrate as presented may also include
glazing a surface.

20



FIG 4 illustrates a flow chart for manufacturing a

substrate in accordance with the enbodi nent of Figure
W@2@5/0119e4 present invention; FIG 5 illustrat eBCHUS2004/002707

cross-sectional of a fired 3matrix of hollow

m crospheres in accordance with an enbodi nent of the

present invention; FIG 6 illustrates a flow chart for

manufacturing a substrate in accordance with the

enbodi ment of Fi guBridf Désthistion €3EMhei Dreingen; Fl G

7 illustrates a cross-sectional view of a

gl ass-coated, hollow m crosphere in accordance with

anot her empogioReonfiett h&?pp%cﬁ% of M Nhi&ioh! %‘nfdsmany of the

illustrates a cross-sectional view of a slurry o

gl Assalierdand advantpges Wecedswildegsadily aprasentasdbe wame becomes

anot h ' | o Fl :

T us et fadndireRl B erpferbl 1B ORL folARR gk Gectption when

of gl asezidereddn ¢wijlrmion witho $ivhercesmpanyiog alralsinge ini which like

T s P ERRC SV TRRL s bR s P B ke

il lustrates a OW C
in accordance with the enbodi nent of Figure 9 of the

present in tipon: FI.G illustrates cross-sectional )
Vidw of a Fited MHETISSof GPasseoldal, ohgi nalpw microsphere in
m cr osphedasced wittaas embadieesrviof theagret rgtlinembiodi ment  of

the present invention; FIG illustrates a

cross-sectional view of a glazed surface of a fired

FIG. 2 illustrates a cross-sectional of a slurry of hollow microspheres
in accordance with an embodiment of the present invention;
15
FIG. 3 illustrates a cross-sectional of a hardened matrix of hollow

microspheres in accordance with an embodiment of the present invention;

FIG. 4 illustrates a flow chart for manufacturing a substrate in

20  accordance with the embodiment of Figure 3 of the present invention;

FIG. 5 illustrates a cross-sectional of a fired miatrix of hollow

microspheres in accordance with an embodiment of the present invention;

25 FIG. 6 illustrates a flow chart for manufacturing a substrate in
accordance with the embodiment of Figure 5 of the present invention:

FIG. 7 illustrates a cross-sectional view of a glass-coated, hollow
microsphere in accordance with another embodiment of the present

30 invention;



matri x of gl ass-coated, hollow m crospheres in
accordance w th anot her enbodi nent of the present
wOo postioen; and FIG 13 illustrates a fl ow chap€T/182004/002707
manufacturing a substrate i+ accordance with the
enbodi nents of Figures 5, or 12 of the present

i nventi on. j | criptiaon A Lown.in the

dr awi ngs f@g'%ﬁ@%ggggo% CFqSISUSs%P@qqﬁélhe,w & pHHEY Hitglass-coated,
i nventoitow nedrasgieres it acdondaywesvifroansthauémbbdirang ofithe present
i nt eglrnat ed circuit substrate using ceramc, glass or

gl ass-(\,’saffcéﬁ ceram c, hollow m crospheres to create a
substrate is low thermal conductivity, |low dielectric

const ant, w el ectrical conductivity, |ight weight
and hi gh s’%'?';en%f'ﬁ‘.s&ﬁ?? nff rﬁ:@os%%cglgna(l h‘ée"&roivﬁ ﬁ’é‘\é\g '%?t@( of glass-
i || ustsateeshalodr @fBosheietdsOf aetoriaRed Mo dHBHQSIRSEEment of the
10. The hol |l ow m crosphere 10 nay bée nade of ceranmic

or gl BESERYNYEHORay have a hol | ow, gas filled

interior, such as any glass or ceram c m crosphere

manuf act ured by 3M under the trade nanme m crosphere,
Zeeospher d4G. sthtiltysiraias g1 B Ehavh fe's mapufantywsig enswpstrate in

gh@S Sa@ordficaith tlhEQilnll&JW xﬁ’t@f@d‘tﬁé © SHthSpldseae Al HIAa

lrf’qs
ceramc, alkali alumna silicate,
soda-|li me-borosilicate, or other simlar substance.

The m cr osphergs; 0 0 . . .
The, M ELOSARST SR E 0l Socs PP ILPEPD 8y ARy of glass.
coat ecbatgd, hdiowdhicgpspherssiinlascordaatd with rnottes @Endsceliment of the

At i X MBqhydRbARt ! on-

15
FIG. 12 illustrates a cross-sectional view of a glazed surface of a fired
matrix of glass-coated, hollow microspheres in accordance with another

embodiment of the present invention; and

20 FIG. 13 illustrates a flow chart for manufacturing a substrate in
accordance with the embodiments of Figures 5, 11 or 12 of the present

invention.



FIG 2 shows mcrospheres 10 in a slurry matrix 40

conposed of an appropriate vehicle for the desired
waenmsiare applications. For exanple, slurry neCT/US2040002707

may be conposed of glass patticles; binders, such as

et hyl celluose, acrylics, polyvinyl alcohols, organic

pol yners; solvents, such as water, acetone,

pol ygl ycol s; viscosity nodifiers, such as surfactants,

organi ¢ thickeners or otetailed) Deserinion Required to

acconplish the desired substrate characteristics for.

thermal conductivity, dielectric constant, nass,

strengt h, /zoskowh inaherdralvmgandr rmmﬁsagtoir@ustleﬁl@n tHeGpresent

?&asfrﬁﬁ\'? o(r:x,roge ggerg epg}rlngﬁeg%dféhtmpﬁﬁfggt%ﬁﬁg gt Wée&?ated circuit
m cr agpbeaRsusliy baumicl gl’a%@%@@a%éfo@@@@rwﬁémicnhélhﬁv ﬁh[dr@ébheres
or cured slur mat r

possit a|oéea¢%t%w8¢rat%rlaw5mwf 09”%%’8%% é‘i“’é %%?%P%ta”t low
t o FlBotridal Bondilictivhy, ARt \ﬁél@ﬁpﬂﬂf gigh LBeAgt. combi ned 12
Wi th an appropriate matrix 40, dried or cured 14 until
the slurry matrix 40 hardens, and formed 16 into

fbm Condu%?r'{ln%oW& E{e bRlagsared. @'lﬁL@t‘f’aEesdé Q:réé% sethn of a

urry matrix dried or cured by heat, Xx-ray,

hi gh-"eHewgiiqrasihere o‘rO eITé@t helipvh saistosah ot VBaybebinade of
any h r

a1 e Gt o 4R ol il RhollBl 0% aiEAnEl toh as any
or afdi@as oheersimic myicroaphéne menifacirédely @M cndedtheThiade name

I f ] [
freg:]g%gﬁ%ghé ng,e@&? §<§o|r{§gl,té gha\%a\é@fbgf;egsglf ﬁg'{e? kRXwn glass
| sm roat (D&'FBmICEtNIO”OtN ah@ulsphebe ofosibch-gloating lverameit) ialkabfalumina

m cro res e fornmed into fers .of
Sﬂ?:aF SO a lme borosmcae of other “similar substance. The

microspheres may be of 1.0 — 225 micron in size, with a 200 - 1040 °C
melting temperature and externally coated with binding materials to allow
microsphere matrix wafer formation.

20
FIG. 2 shows microspheres 10 in a slurry matrix 40 composed of an
appropriate vehicle for the desired substrate applications. For example,
slurry matrix 40 may be composed of glass particles; binders, such as ethyl
celluose, acrylics, polyvinyl alcohols, organic polymers; solvents, such as

25  water, acetone, polyglycols; viscosity modifiers, such as surfactants, organic
thickeners or other fillers as required to accomplish the desired substrate
characteristics for thermal conductivity, dielectric constant, mass, strength,

cost of materjals and manufacture, etc.

30 FIG. 3 shows microspherés 10 in a dried or cured slurry matrix 50. As
is readily apparent in FIG. 3, the microspheres 10 have a random
arrangement in the dried or cured slurry matrix 50. FIG. 4 is a flow chart of a
possible method to manufacture a substrate according to FIGs. 1-3, in which



integrated circuit substrates prior to the drying

step, in which case the form ng woul d be by neans of
waelowso1794 ade casting, nold casting, etc. FlIG PEI/Shmng002707

fired slurry matrix 60 withs holl ow m crospheres 10. A

s shown in FIG 6, this nethod woul d include conbi ning

22 th%lggogﬁﬁéggefoe QC%H%IEQd 1'&6%/%“%11' ég&gprléﬂerﬁﬂgglxzﬁo dried or

the slurry mtri and nte
Ci rcthlr@iubhﬁt r@ntésthef slurey nmatrlxx 40 lavdérsd, niang formed 16 into

m cro ' e particyl arl .

T OSBRRLER A, B BRESAR T TN Sk UL i 40 may

m cr osphetied matalired rtzyvvhaat exliag| tﬁwigaﬂznérgginnaglaﬂbs, electron beam,
mat.erial s

cuft TRCBLEVPBLPY Bal 35 RGhm g oPeiseGe RBn ane sty matrix
waf er nfayrina ngrhé?d into s%msmr@r@snma;?grmermalaﬁw 2. s(hﬁrryimatrlx 40 is
abodPHEnET 6 he B L, MARUCHY oAt DAemAtL FUR ghtiTs or die by

100 nEeahBaf Wikecating, gshampmgepa\tvué:ep@lsa«&g @mnﬁﬁr@me& It should
hoIIo mcr gtse12?tht|scoatedw|thal
terrpe StHE 3F e18§UXTR W'WﬁéPh?ﬁér@%bﬁ’@r formed iptgy wafers of

beo anytdithleaWeird s slivdtlatsh ibAbERd Ghe &Wﬁg Sepaiy vﬂlnéﬁ'scase the
or ceramc m crosphere manuf actured M under th '

t r adefONARSY WP @@Méﬁ@ansz@mmﬁ&l%? ca%a@ dﬁpludtC@sgm@ﬁc

bubbl es, or other known glass or. ceramc, hollow

m crosphere of silica-alumina ceranic, alkali aluni na
silicate, B&ddl shaws fyed edirn watrix @0 withHellowi mickeapheres 10. As

-ubsL 8RR rTHES AL hald SRR ALURE Sk A7nE o8l 80t Atoneres
15 10 with the matrix 60, firing 24 the slurry matrix and forming 26 wafers or
integrated circuit substrates of the matrix 60 containing microspheres 10.

This process may more particularly comprise ball milling or sprayiJng to mix

the microsphere matrix raw materials 22, firing the microsphere matrix to -

sinter materials and laser cutting, saw cutting, grinding, etc. to form the final

20  wafer form.

FIG. 7 show a cross-sectional view of a glass coated microsphere 100

according to another embodiment of the present invention. The miérosphere ”
100 may include a high temperature glass or ceramic hollow microsphere
25 120 that is coated with a low temperature glass 130. The inner microsphere
120 may be any hollow, gas filled interior, such as any glass or ceramic
microsphere manufactured by 3M under the trade name microsphere,
Zeeospheres, Scotchlite glass bubbles, or other known glass or ceramic,
hollow microsphere of silica-alumina ceramic, alkali alumina silicate, soda-
30 lime-borosilicate or other similar substance. The outer low temperature
glass coating 130 may be made by spray coating, slurry coating, vapor
deposition, etc. The composition of the inner microsphere 120 and the other
glass coating 130 may be selected such that the outer glass coating 130 has

a lower melting temperature than the inner microsphere 120. By way of



deposition, etc. The conposition of the inner
m cr osphere 120 and the other glass coating 130 nay be

waelsoi®d such that the outer glass coating 13BCHES2084/002707

| ower nelting tenperature thhan the inner mcrosphere
120. By way of exanple only, the gl ass-coated

i cr ogphiapies dRYy %n@ags-e&atadmn%r@w@é@ Ria e, made of a
approximately 10-250 microns in_size wth 50

mel t i AUCTPERASER T uRRPranBNaRlY ! Cado B dhigions dyefilz%leé] ggg 1040 °C

of 1. QweTtlnbocer%Té?cﬁr‘éns%d Ratd b o0RS Fapdr P gRsd 4P~3P0 1@ 0 microns
mel ti ng tenperature. FIG 8 shows a cross-sectional

vi ew Bfthigkaess. wigha e§0a38r° é‘srﬁﬁ@ﬂgéemmaiurﬁ a slurry

mag ri x 140 conposed of an appropriate vehicle for the
desired substrate applications. For exanple, slurry

matrix 140F1RayB BROWS fhersE-SeFtigiahyievp af iassepated microspheres

bi nd
a: (r:]oﬁqo?@ ﬁ%’gf@ﬁ%ﬁ%gg@géﬁg &J?ﬂ’s Wla@bé@ﬁblg%r the desired

as ter, visco
modi f Srsiratesapiicaons. qor @X@mpba@wmreatox 1n4agn@35 bermmposed of

sili cggggpgnlc%lgegn agﬁﬁ% 38%&8& ggéh%é &2sSarf®polyvinyl alcohol

r equi 0 accbnrp esire Srare
char albiheern, ssoleants orsubheeaalwadmndwsxtosxiyt m,odnineed estich cas liquid

const stren terial s and
rmnuf%gfa{f o S & cMagy ur@ §lﬁ?ﬂ%§s gﬁlgt;%g%g SOEPS RGO fllers as
of gl r&sarre:d)abeabmmlelsaher@éslrbeosmbstratairchgtdzcwnsﬂw g6k thermal

The. olRBcl RRER okfiats 0. FRFESH. r HRloph materials and

ar r angengfattutd) dtdhie dried or cured slurry matrix 150.
FIG is a flow chart of a possible nethod to
méhuf act ure a substrate according to FIGs. 7-9, in

whi ch gl ag96Cc@akRdvs a cross-sectional view of glass-coated microspheres
100 in a dried or cured slurry matrix 150. As is readily apparent in FIG. 9,

the glass-coated microspheres 100 have a random arrangement in the dried

or cured slurry matrix 150. FIG. 10 is a flow chart of a possible method to

20 manufacture a substrate according to FIGs. 7-9, in which glass-coated
microspheres 100 are combined 112 with an appropriate matrix 140, dried or
cured 114 until the slurry matrix 140 hardens, .and formed 116 into
semiconductor wafers or integrated circuit die 150. The slurry matrix 140

may be dried or cured by heat, x-ray, high-energy radiation, microwave,

25  ultraviolet, radiation or by any other known drying or curing method. The
slurry matrix 140 may be formed into wafers, integrated circuit substrates or

die either before or after the slurry matrix1 40 is dried or cured. The slurry
matrix 140 may be formed into wafers or die by means of die cutting,
stamping, cutting, etc. It should be noted that the matrix of glass-coated

30  microspheres may be formed into wafers or integrated circuit substrates prior
to the drying step, in which case the forming would be by means of knife

coating (tape casting), mold casting, calendaring, etc.



m crospheres 100 are conbined 2 with an appropriate

matrix 140, dried or cured 4 until the slurry matrix
wad@shamndens, and formed 6 into sem conduct or ReElf/E88800002707

integrated circuit die 150.8 The slurry matri x 140 may

be dried or cured by heat, x-ray, high-energy

radi ati on cr \Y; ul travi ol adj ation or

ot her knomﬁ@ir yﬂqg Sgpwéur?rﬁﬁs ﬁ%@et}%‘a[ Y sPhr W&e%tgrlqsﬁ -coated

140 naycrbepﬁemém@oi npe skaler B Figy. eg']{?iseﬂntléi?qlnﬁé%llhldad would include
after e slurr

bst r at th bef or e, or
oatri G g 1R Slate-trate fal copha oSt (NG EHorTipg 4 wafers or
may bﬁhtég?éféﬁdCIrdmOsNWJt@lté?s OFf tigh @ldus-dBRARE nfibrodbBeres 100 The

cutti stanpi ng, cuttin etc. t should be noted
t hat F’%&G %P&F‘%{'%f stgp 9 oMb Re At E¥ppRIpisise mrgh Beat the outer

for ”Eglals@c@aw? e{30 Obf itAk egfa%%a%dr CrchFos‘b%@?ésr dh&%s and the

prior to the i ng step, whi ch case the form ng
woul dm&éoweﬁ%?aﬁgoobeq@mq ém&faﬂmgglpﬁ@ri@g@tagt i1Ag) , The firing or

ol d &ﬁ@rlhﬁﬁ%em‘ﬁ@}a@@r@aﬂo@% Pglfjl%lﬁagﬁ é;?g@"ﬁelt the inner glass or

cross-sectional view of fi
mi cr o8gABY@RICrotRherss $3Hdwn in FI Gs. 11- 13, this nethod
yld include firing 212 the gl ass-coated microspheres
100 and form ng 214 wafers or integrated circuit
subst r at esTtefs, tiwe ogteaﬁaasomeéldgnnaireosphé(ﬂ aesolld 1 sel€hied from

firin
oSy S S ORI R AL SOt o, st oloss
t he gdatasssmmtmi m bas;sqnhretawellyl?ldw; memn‘ghpomt And- the inner
m cros her 9 eﬂg SI n or g d t oget her ith
155, THEOTEI 2Br T BF1 SR G TaraelY &SRB RRRNgR with 2
hiigh mgllﬂ@grlﬂettmgr@lrﬁt thhe thereferd|ass cOdtirkEmarErial, such that when
m cr o%g o%[ceer glass coating is sintered, the inner microsphere does not melt, but
the outer glass coatings of the microspheres essentially binds, sinters or
glues the microspheres together. This process may optionally include’
glazing 216 of a top surface 160 of the wafer or integrated circuit substrate in
20 order to smooth the surface of the substrate of sintered glass-coated
microspheres 100. The glazing process may include screen printing thick

film glass 160, spin coating glass, vapor deposition, etc.

The present invention may create a semiconductor substrate having
25  applications where there are requirements for high strength of ceramic:
lightweight substrate; low dielectric-constant substrate, (such as in high
frequency circuit applications, a need for less capacitive coupling, low loss of
signal propagation or microwave applications); or applications requiring low
thermal conductivity.
30
Although this preferred embodiment of the present invention has been
disclosed for illustrative purposes, those skilled in the art will appreciate that

various modifications, additions and substitutions are possible, without



Thus, the outer glass coating material 130 should be

sel ected fromany of several materials such as,
whoeorospimsphat e gl ass, borosilicate gl ass, etc.PCEHUSIN04/002707

that it has a relatively Iow nelting point. And- the

i nner m crosphere 120 should be sel ected from any

knomn crosphere with a er melting point than t

out er a%“Qg 2%?1”? n@emﬁc8p? aI%P &‘Ec Hn\fer%?n wHERHIEAR ght%gulvalent
gl ass eadmidiments shatiratheinadihit the doapenr thecippepbed eladnes
not melt, but the outer glass coatings of the

m cr ospheres essentially binds, sinters or glues t he

m crospheres together. This process may optionally

i nclude gl azing 216 of a top surface 160 of the wafer
or integrated circuit substrate in order to snooth the
surface of the substrate of sintered gl ass-coated

m crospheres 100. The gl azi ng process may incl ude
screen printing thick filmglass 160, spin coating

gl ass, vapor deposition, etc. The present invention
may create a sem conductor substrate having
applications where there are requirenents for high
strength of ceramc; |ightweight substrate; |ow

di el ectric-constant substrate, (such as in high
frequency circuit applications, a need for |ess
capacitive coupling, low |l oss of signal propagation or
m crowave applications); or applications requiring |ow
thermal conductivity. Al though this preferred

enbodi nent of the present invention has been discl osed
for illustrative purposes, those skilled in the art
wi || appreciate that



various nodifications, additions and substitutions are
possi bl e, wi thoutdeparting fromthe scope of the

WO pysoi79eh, resulting in equival ent enbodi ment BCT/I81004/002707
remain Within the scope of 1@ he appended cl ai ns. CLAI M5
WHAT S CLAIMED I'S: . A sem conductor substrate,
conprising: a nultitude of hollow m crospheres. 2. The
sem conduct or substrate in accordance with claim 1,
wherein the multitude of hol |QWAMWS ospheres conpri ses
a nultitude of ?as filled ceramc mcrospheres. 3. The
seni cOTREIDELANMEDYI& e in accordance with claim1,
wherein the multitude of hollow m crospheres conprises
a multitude of gas filled glass m crospheres. 4. The
seni conduct-oA sanisemnditcéorisybaltater cemprsing:t h cl ai m

wher ei ndt P%B{e;{&hltééé Ugﬁol@)(/v rq%lrés%Wngcfcr ospheres are

sintere he sem'conduct or substrate in
accordance with claim2, wherein the nmultitude of gas

filled ceram 1_CI.0S s .are.si.ntered together. 6 .
The seni co%m? ?Fﬂﬁ%@?@? é“?%f?%%‘éé%raa%?{ an YVHR @[aé(f"rﬂ wherein
3, whiieemultitinge whlHollbwdeicndsphases cbnpdsdl asmuititude of gas filled
m crospheres.are sintered together. 7. The

sem cOHATLE BTl St e in accordance with claim 1,

wherein the nultitude of hollow m crospheres are in a

har dened g;gat ﬁ_bx 8. The semi conductor substrate in .
accor dance> wil PR SEMiganRdsctopsebsiaie in accordance with claim 1, wherein

2 the multitude of hollow microspheres comprises a multitude of gas filled
glass microspheres.

4. The semiconductor substrate in accordance with claim 1, wherein

2 the multitude of hollow microspheres are sintered together.

5. The semiconductor substrate in accordance with claim 2, wherein

2 the multitude of gas filled ceramic microspheres are sintered together.

8. The semiconductor substrate in accordance with claim 3, wherein

2 the multitude of gas filled glass microspheres are sintered together.

7. The semiconductor substrate in accordance with claim 1, wherein

2 the multitude of hollow microspheres are in a hardened matrix.

8. The semiconductor substrate in accordance with claim 2, wherein

2 the multitude of gas filled ceramic microspheres are in a hardened matrix.

9. The semiconductor substrate in accordance with claim 3, wherein

2 the gas filled glass microspheres are in a hardened matrix.

11



the nultitude of gas filled ceram c m crospheres are
in a hardened matrix. 9. The sem conduct or substrate

wo nocaocrdance with claim 3, wherein the gas fprCt/@d2004/002707
gl ass m crospheres are in @ hardened matrix. 1110. The
sem conductor substrate in accordance with claim 1,

y\,herei n a Ml)p'iﬁéj% ‘r%%nguct&h frg?ecxﬁréggé:rlpgbc@%ﬁ fa%el, wherein

is glazed. e sem con or 'su

accor d&am:wn?mdetvf¢ﬂ1asemi2pndﬁ®mraubsaaieopg@uecﬂ.ace of the

sem conductor substrate is glazed. 12. The

sem conduct or substrate in accordance with claim3 ,
wherein a t-‘opTlsaJsérarcendxﬂctmrfmJbsEaﬁeonradcmﬁamce;whlstcraéxh@, wherein

| azed. d b
Igricgr ai‘ﬁ%@u rP-F[t}%a?‘??ﬂq']fggn Crfaﬁ%rrtf ﬁ%@s%ﬁt ﬁg(f‘ Iuge of

hol | ow mi crospheres conprise an outer | ayer of gI ass
14. The se co uct or . suastrate i n accordance

claim2 , SRBIRIALSP R atgalh ﬁCP‘Pré‘Sn%%r‘%‘m claim 3,

i cr o\ﬁ/ﬁ@@ireé t@p)gmfacé%f% suthiebnd RYSTsuBktrates glazed.
tenperature glass. 15. The sem conductor substrate in

accordance with claim3, wherein the nmultitude of gas

filled gl agps MTRpEOSBARIATLABIMRUbLSEatE W %Q&BE%@ With claim 1,
hi gh tenmperature gl ass and an outer |ayer of

tenpevheigine thy ayitituds of Tw&owemc&ﬁm@@soeormm ﬁat @uteh layer of
accoréi, e wWwth claim13, wherein the nultitude of
hol | ow m crospheres with an outer |ayer of glass are

14. The semiconductor substrate in accordance with claim 2,
2 wherein the multitude of gas filled ceramic microspheres comprise an outer

layer of low temperature glass.

15. The semiconductor substrate in accordance with claim 3, wherein
2 the multitude of gas filled glass microspheres comprise a microsphere of

high temperature glass and an outer layer of low temperature glass.

16. The semiconductor substrate in accordance with claim 13,
2 wherein the multitude of hollow microspheres with an outer layer of glass are

sintered.together.
17.  The semiconductor substrate in accordance with claim 14,
2 wherein the multitude of gas filled ceramic microspheres with an outer layer

of glass are sintered together.

18. The semiconductor substrate in accordance with claim 15,

2 wherein the multitude of gas filled glass microspheres are sintered together.

12



sintered.together. Al. The sem conductor substrate in
accordance with claim 14, wherein the multitude of gas

wo Rdos@d7ocer am ¢ m crospheres with an outer | ayreT/v52004/002707
glass .are sintered togethd?. 18. The sem conduct or
substrate in accordance with claim15, wherein the
mul titude 8 gag fhdthed a h
sintered together. 1219. QJ,& %nzatnhmoégﬁﬁg}e %ranupgé(t%udﬁcaor substrats,
seni cGRAREEBE: substrate, conprising: conbining hol I ow

m cr ospher @@antrg; fﬂ:llwmic?bspﬂébés%tﬁé‘ AL 1 x of
m cr ospher es; formng the matrix o mcrospheres

i‘to a serﬁjré’mdtﬁ@t”@t”&%@ﬂqf%%@er% angthe method in
accor dancefophirfy thk ahdtid 8 mYé‘F'c?srpﬁ'erst RS QQ&%R:Wnductﬂr substrate.

m crospheres conprise gas filled ceramc mcr
The nethod in accordance with .claim 19, wher ei n
the hol I ow m crospheres conprise gas filled gl ass
m crospheres. 22. The nethod in accordance with claim
19, wher ei#0-t Hedmgthas ¥t apcadaqae wéb dlaini (g, wherein the hollow

gt ri Pﬁl&&spme@éé’ém?ﬁ@esgaszﬁ}ed-@%?alﬂﬁtrﬁ? Fﬂe%gcor dance

with claim19, further” conprising; glazing an upper
surface of the seni conductor substrate.

21. The method in accordance with .claim 19, wherein the hollow
2 microspheres comprise gas filled glass microspheres.

22. The method in accordance with claim 19, wherein the drying step
2 comprises firing the matrix of microspheres.

23. The method in accordance with claim 19, further comprising:
2 glazing an upper surface of the semiconductor substrate.



