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| NCLUDI NG A CHAMBER The presgnt invention relates to the field-of<=hight v~ —
.density interconnect structures, and nore particularly, to high
density 10 i nt erconnect structures suitable for packaging m crowave and
other overlay sensitive conponents. M crowaye-systens are often conposed of
mopol i thic m crowave 15 integrated circuits (MMCS), other active

m crowave devi ces ‘such as Gabs transistors, passive m crowave conponents
and ot her non-nicrowave conponents. such as logic and control structures. 20
A nonolithic mcrowave inj @%%ﬁ%%ﬁ%@% an integrated
circuit which 1is desi gned—r‘cr equenci es.

MMTCS are formal |y fabricated i n GNCLURINGALCHMBER e nuch hi gher potenti al
operating frequency which Gabs provides as conpared to silicon. A
typical MMC may include one or nore 25 anplifiers, sone passive
conponents and one. or nore- feedback | oops which provide feedback from -
2 - The EBeQ&tZ%vbhﬁdhutrléuhtéﬁ /N wmlmbneroﬂr'hcgrf caéntmt)o
establish a desi rted tran€f ei fL{ncti on r that CItI‘CU 4 known. %
art to fabricat® i EREY e SEPLTERES r BN a0 i BEY'S6H %rt}é’h cc?rrprbr? nt%enﬁy y
providing #5 cmrtamannecrbsﬂrat:mrfmisngtabker detr ppclﬁémgrmwqu\qe 2Bds oplery

| i nes (conduct ol lines and contact pads fabricated
t hereon and byqialvtﬁzqa>J %%g&(}é%lg%s“ an %brrponents such as MM Cs, GaAs .

transi stors, other m crowave and supporting conponents to the substrate and
connecti ng 10 themto the circuitry on the substrate using wire bonds or
tab i nterconnections, Such fabrication techniques have a nunber of .

di sadvant ages. Thi n MfaoYaYecBYETens r?é?hBElEe'bfc%f"B%??dcétfi fgrel s « picrawave
ceran c sufsst r alnesghaed ¢irlcan e aQMIMIcs)t, abtiurs adbiverii efoware vt cédiclich as

structures f rorHaBe' nr%n&sc{%l#(s: %assw% microwave components and other non-microwave
components such as logic and control structures. '

20 A mono__h'thic microwave 1integrated circuit or MIMIC is an
integrated circuit which is designed to operate at microwave
freduencies. MIMICS are normally fabricated in Gabs because of the
much higher potential operating  frequency ‘which Gabs provides as

_ com_pared to silicon. - A typical MIMIC may -include one or more

25 amplifiers, some passive components and one or more feedback loops
which provide feedback from
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microwave characteristics which are repeatable with close

toler

ances. Consequently, there is substrate-to-substrate

variation in the microwave cnaracteristics of such nominally

ident

ical substrates. Further,'the active microwave

20 components such as MMICs and GaAs transistors themselves have.
fabrication tolerances which result in variations in
operating characteristics from device to device. Further, in

such
norma

structures,; impedance discontinuities and mismatches are
1l at theﬁedges of MMICs and GaAs t:anszstors. These

25 impedance discontinuities-vary with the actual placement of
the chips on the surface of or in cavities in the ceramic

subst
of su

rate. This is because slight changes in the positioning
ch devices change both the lengths of the gaps between

the device and the substrate and the alignment of the device
30 structure with the substrate structure. Further, these

physi
bond
conse
misma

cal assembly tolerances result in variable interconnect
lengths, resulting in variable inductances and
quently,-veried circuit performance. These impedance
tches also-vary with actual component and substrate

35 impedance values. Further, these and other'fabrication-'



‘to a test system Consequently, many corrponents V\:hl ch pass preassenbly
testing do not in reality meet specifications. 15 As the
_desired operating frequency of such mcrowave systens has increased from
“the nei ghborhood of 2 GHz to still higher3frequencies in the raRBe2PséRf8

. GHz to 16 GHz, or nore, the problemof thin filmand thick filmfabrication

"tv%rerances %ﬂeﬁ@ﬂ@@nfﬂauééétdi‘ﬁfé%é?%QWar?&s PasheeRilng. Many
Cs and ot hggﬁact i ve m crowave devi ces iinclude delicate structures which
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whisch 10 wertaanembgynegseimgd#mamﬁzin)reality meet’ spec;flcations
15 - As the desired operating frequency of such -
microwave systems has. increased from the neighborhood of
2 GHz to still higher frequencies in the range from 8 GHz to
16 GHz, or more, the problem of thin f£ilm and thick film
fabrlcatlon tolerances and component testing have become ever
20 more vexing. _
| Many MMICs and other active microwave devices
include delicate structures which can easily be damaged or
destroyed. These'include conductors which are spaced from
the surface of the GaAs by an air gﬁp -=- & structure which is
25 known as an "air bridge®". Air bridges are used in these
MMICs in order to provide the MMIC with particular desired
‘operational characteristics.  These delicate structures
_.Severely limit the assembly techniques which can be used to
connect these devices into microwave systems. Further, such
30 components are quite sensitive to the placement near their
surfaces of conductors or dielectric materials having
v dielectric constants of more than one, especially in the
vicinity of inductors, air bridges and field effect device
gate regions.



Such pre-packagi ng has been inpossible with active mcrowave devices
because the | osses and ot her penalties which packagi ng introduces are worse
than the di sease packagi ng woul d be intended to cure. Consequently, for 15
m crowave systens, post-packaging testind i=s not avail abl e at arRDe2ppazot

| evel as a final-assenbly-yield-enhancenent nechanisn1 Even full testing .,
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frequepgi eyedle @3tmallaana@ NHakcadeeRgoal |y, this requires the use of a
metal 35 connectlon betmeen the front "and back .surfaces of the chip.
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power acropadﬁagungfMbhldpoeaﬁntenﬂaﬂgtowcuhea ccopbeqaenmugbefbecause of
the popg tQﬂEE%Ma%%”%@%E Yp% tN¥£€iag188”%%§€§Rt'¥s var&a%le at
a component level as a final—assembIYéyieldéenhancement
mechanism.' Even full'testing-of’components'at'a:ﬁafer:level
is not normally feasible because*oflthe relatiVely'large
probe . which is needed to provide an’ impedance match to the

20 MMICs or other devices under test. However, the problem of
low final yield -has led to the design of some”active
microwave components for testing with ‘so-called co-planar
.probe such as those built by Cascade Microtech. .This
requires that. the chips be made over-sized in order to

25 provide space on their upper surface for a microwave port .
having a .signal conductor in the middle and two true ground -
conductors symmetrically disposed on opposite.sides of that
signal conductor.  This structure is required for a cofplanar
probe tozbe'connected.to-this microwave'port in”a well-

30 matched, repeatable-manner, 'Thefprovision-of,a'true ground
on the upper surface of a microwave chip iS'not'a'simple
matter at microwave frequencies (unlike the situation with
digital chips which typically operate at’ frequencies of less
than 50 MHz). Generally, this requires the use of a metal

35 connection between the front and back surfaces of the chip.



* m crowave device for co-planar probing has its own associated penalties
such as increased size, increased process 10 conplexity, |ower process
yield and still suffers froma |lack of conplete assurance that test results
"Wl correlate with system performancer A significant probl em RD=RBO} R30I ow
yield of fully assenbled systens is that such structures cannot be 15
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bet ween 30 S can assenbl ed and |nterconnected on a
si ngl e sub® rS‘P‘BP%\ﬁFEhaﬁ“Qa’P%h"eEatF oﬁ'f@;s%y‘?s?%é@ ROTRL 45&) with i nch
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is.the facassembled sgstensdisaﬁb&mh&umhfsmruennmescnannqﬁam&enent of a
f aul 1Y sC0MRPRERt svely reworked to replace faulty components because the
" component's connections cannot be removed in a non-
' destructive manner. Consequently, systems which are out of
' specification when assembled must be sc:apped. _
Alternatively, if the microwave module is designed to allow
20 rework, rework-lnduced damage is common, with a
‘consequent limited reworked-induced increase in yield
Thus, there is a continuing need for a mic:owave
fabrication procese which enables pessive components to be
. fabricated with highly repeatable cheracte:istics and which
25 enables pre-testing of ective devicee_and/or the removal and
' replacement of faulty components without impairing any good
components when a system fails to méet specifioations
A high density interconnect (HDI) structure or
‘system which has been developed by General Electric Company
30 offers many advantages in the compact assembly of digital and
other electronic systems. For example, an electronic system

v : such as a micfocomputef‘which incorporates between 30 and 50
chips can be fully'aseembled and interconnected on a single
. substrate which is 2 inches long by 2 inches wide by .050

35 inch thick. The maximum operating frequency of such systems



5 and then reassenbl ed without significant risk to the good conponents

incorporated within the system - This reworkability or repairability is a
substantial advance over prior connectiangsystens in which rewRglng,bhe
systemto repl ace danmaged conmponents was either |np035|ble or |nvolved 10
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structure, peREhggsn specified, indiVidual cavities or one large cavity

having appropriate depths at the intended locations of- the
various- chips are prepared This may be done by starting
with a bare substrate haVing a uniform thickness and the

20  desired Size." Conventional, laser or ultrasonic milling may:
be used to form the cavities in which the various chips and
other components will be positioned. For many systems where
it is- deSired to place chips edge-to-edge, ‘a single large
‘cavity is’ satisfactory. That large cavity may typically have

25 a uniform depth where the semiconductor chips have a _

' substantially uniform thickness. Where a particularly thick
or a particularly thin component will be placed, the cavity
bottom must be made respectively deeper or shallower to place
the upper surface of that component in substantially the same

30 plane as the upper surface of the rest of the components and .

'~ the surface of the portion of the substrate which surrounds

" the cavzty The bottom of. the cavzty is then provided with a_' »

' thermoplastic adhesive layer which may preferably be . |
polyetherimide reSin available under the trade name ULTEM® ®

35 from the General Electric CQmpany _ The various components




of fabricating it and tools for fabricating it are disclosed in U S. Patent
4,783,695, entitled "Multichip Integrated Circuit Packagi ng Configuration
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H S. Cole, Rlarfling MePndPi&iY m;@t\fi%n pAldeflin Polymer Materials"”

by C.W. Eichelberget. et al.; U.S. éatent Application Serial
No. 312,798, fiied February 21, 1989, entitled "High Density

20 Interconnect Thermoplastic Die Attach Material and Solvent
Die Attachment Processing" by R.J. Wojnérowski, et al.; U.s.
Patent Application Serial No. 283,095, filed December 12,
1988, entitled "Simplified Method for Repair of High Density
Interconnect Circuits"™ by C.W. Eichelberger, et al.; U.S.

.25 . Patent Application Serial No. 305,314, filed February 3,
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35 Process"” by H.S. Cole, et al.; U.S. Patent Application Serial
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U.S. Patent £30edARiGhSEL BQNE 5988;31' eﬁlenﬂéé%éf&d afﬂd %&ﬁm{y for 1990
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Pat ent Application Serial No. 342,153, filed April 24, 1989,
entitled "Method of Processing Siloxane-PdlYimides for
Electronic Packaging Applications” by H.S. Cole, et al.; U.S.

20 Patent Application 289,944, filed December 27, 1988, entitled
"Selective Electrolytic Deposition on Condﬁctive and Non-
Conductive Substrates” by Y.S. Liu, et al.; U.S. Patent
Application Serial No. 312,536, filed February 17, '1989,'
entitled "Method of Bonding a Thermoset Film to a

25 Thermoplastic Material to Form a Bondable Laminate" by R.J.

; 5~W03narowski. U.S. Patent Application Serial No. 363,646,
filed June 8, 1989, entitled *Integrated Circuit Packaging
Configuration for Rapid Customized Design and UniQue Test
Capability” by C.W. Eichelberger, et al.; U.S. Patent

30 Application Serial No. 07/459,844, filed January 2, 1990,
entitled "Area-Selective Metallization Process" by H. S. Cole,
et al.; U.S. Patent Application Serial No. 07/457, 023, filed
December 26, 1989, entitled "Locally Orientation Specific
‘Routing System” by T.R. Haller, et al.; U.S. Patent

35 Aapplication Serial No. 456,421, filed December 26, 1999,



35 Application Serral No. 456, 421, filed Decenber 26, 1989, - 10 -
RD- 20, 230 entitled "Laser Abl atable Polyner Dielectrics and. Met hods" by
HS Cole, et al.; US. Patent Application Serial No. 454,546, filed
Decenber 21, 1989, entitled "Hernetic Ti g% Density Interconnect®Rrr20, 230

Electronic Systemt by WP. Kornrunpf, 5 et al.; US. Patent Application -
Seri al eﬁE&éiédlﬂiasérlnﬂlEeameepoZ§mei989eleatritsda gnheereds" by <
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t hese Patent's an I'S 1. NncoT por at e he rein é r
This hih @&nsilty Unﬁereéhﬁegthsyéienthaa ﬁeéhaéevekoﬁéd453v1& e Fhled

'“terCO““eﬁbbﬁﬂbéfnh%O“Q§@§0reﬁEiEieho"éﬁha£8531ﬁlﬁb&ékcéﬁééeﬁslymlbgt is,
for the connection-of systens whose operatin requencies are typically :

| ess than &BéugnSSrﬁﬂineﬁﬁl§ﬁrP§tPER§eH§$§E ghﬁ "tP¥n¥nPsstoheri BE, 3dt her

wave IﬂpedaﬁaeuﬁstCbbﬂ&nﬁnﬂpsnﬂbaﬁibhcsbeednnsoefﬁsq;s4baveimea needed to
be consi dered.

t ti st t
-or devi cesPPRE 8§d290 aagpatgnggtln erﬁggg§§§¥2§03¥é§éﬁFo Vﬁvyﬁégglgags
COﬂSIdHJa;BQEadaDdeQb&tkﬁ?geadnnayé&eddCtﬁchhﬁsImhgocponatﬁngnIﬁP Biygi t al .
systens c [ re es e rowave
y frequeFC|és g%%ﬁpggggghgggeggtloﬁ Sh'mgvéggﬁgrgg FSt%@g Qgtghg |

transn1SS|appﬂdnatebhecﬂs inapeppaatpdopereuasbatrﬂferen&ee frequenC|es
t he presence of exposlqﬂéjq*] rey:t Qx C%antﬂyﬁsr onents
C

and system and conponent acterlstlcs not” exi st at the | ower
operating QGveﬂpﬁeéeﬁ@FE§SGfl§uéntGFQPP§F°§}§Beﬁ9m1°¢ﬁ€§§t@6n§héE§aFPons

'nC'Ud@Sth@c&%?%EbQ%aqfsWQQEﬂ@r tbﬁa@'QEGCEBECtHBtEbhﬁEEtibﬁ of ‘systems
" whose operating frequencies are typically less than - about 50
MHz, which is low enough that transmission line, ‘other wave
impedance matching and dielectric loading effects have not
_needed to be considered.

20 . ‘The interconnection of microwave structures or
' devices intended to operate at GHz. frequenCies presents many
problems, considerations and challenges not faced in the
interconnection_of digital_systems which operate at
frequencies of”less:thannsd MHz,:'Use'of microwave
25 frequencies requires:¢onsideration of'vave_characteristics, .
‘transmission line effects, material properties at microwave o
frequencies, the presence of exposed.delicatetstructureS‘on
MMICs and other components and system and component
characteristics which do not exist at the lower operating
30 frequencies of such digital systems. These considerations
include the question of whether the. dielectric materials are
"suitable for use at microwave frequenCies, since materials
which are good dielectrics at lower frequencies can be: ‘quite
lossy or even conductive at microwave frequencies.. Further,
35 even if the dielectric is not lossy at microwave frequencies,

i e 1



- suitable for use at m crowave frequencies, since materials which are good
dielectrics at |ower frequencies can-be quite |ossy or even conductive at
m crowave frequencies. Further, 35 evenil -the dielectric is nrb-20s3yo at
" m crowave frequencies, - 11 - - RD- 20,230 its

dielectric c t aag 4. ?g%,? I gh ugh, t,0 unaccept ably nodify the
operating chg{rggctag%i'%{:?glséo %gp %asfse{?r anysibﬁ (L)l}1 Chaneo °6‘tgr%rt°m crowave
cOfponent s oBR3EFEREZPLY Wi Ehy nt iyt omera titney clreot ek isgiiey @fhMyliCdensity

5 interconngghsStEast Ys€ors AME ot e, Hi&é%msﬂ&% &Lk '&;Ar&)é%roécwkéub}egh

density interconpect structure is applie y. a | am nation process involving
the appl i cat FBACDf P8RSt Bht 2te HFRRReFed RIS poIRAGH FETSItYy there is a

substantisal tnneeconhbet i rudtheges SxkOtd Hietdade Rdtalun 8§eirNot0
m cr owave coggoneﬁts rr@g be daghax?ed, destroyed or nodjfied either by the
| ami nation pFe&suPadRadSPRtrtY HEM S EFAMe Hp st BICHF S Hes 13RRYeAaPY0R of t he

t her nopl ast i tamdlhasior procesdeimisl gniy WHterapple CANKBIC o subBeanbyal
nodi fying the_dielectri presence

c_properties. of_that gap, or even.the ner
of the 15  HFSPERES EO HES ROIUHISASHRAIRA AR T ATAR] AONAPLct er i ot i os
of sone of thencenponkat saiBdoaidgenfandetdlmy del ibatfe fstnaldtyprassenbl ed
m cr owa sy C are quit xpensi ye a . Qf.
ul timat \ei%conlrﬁ)gdggﬁ?a?:%s?m%%&%ec%u@aey 'Elhee %d"egigoefdgfbral/%sat{j"?éc}% %r%’%c&%gl?%eﬁor e
akin to engi agehengby htire t bamra thonl tessymhrdao ing theshtioqged lapka order

to increase etﬁgekﬂfﬁitfé@if%? Z&fté@.%ﬁ%%%@ ddildi veOShe o hhe

poi nt where they becone feas or use In qal systens, there Is a
need for a t@&tRnfaReuPRRT Pk GPRANGHRE vitharens mod g &heofpehent5iand

subsystens ipropeetiési entendd day) &b RN GralidheSdghefamponent s
aqd subi ste ]&o be, assenbled 1nto final systens with -a high yield. Qur
el ated 188 ABLPIESEFLR SACSEPREPLYMaBwing the operating

characteristics of some of the components.
 Because of the low yield of finally assembled
microwave systems, such systems are quite expensive both
because of ultimate component cost and because the
20 fabrication process is more akin to engineering than to
semiconductor fabricatioh_techniques. In order to increase
the yield of figal systems and to reduce their cost to the
point where'they'become feasible for use in everyday systems,
there is a need for a technique for packaging individual
25 microwave components and subsystems in an efficient, high
| yield manner which enables such components and subsystems to
L/ be assembled into final systems with a high yield.
| Our related US Application Serial No. 07/504, 821
.(RD-19,880), entitled, "High Density Interconnected Microwave
30 Circuit Assembly" overcomes the problems of reworkability and
poor passive component tolerances .of the prior art thin and
thick film microwave system assembly methods whereby if a
microwave system, when assembled does not meet
'specifications, it can be ‘disassembled for removal of- faulty

35 components and reassembled without danger to good components.



(RD-19,880), entitled, "H gh Density Interconnected Mcrowave 30 Gircuit
Assenbl y" over.conmes the problens of reworkability and poor passive -
conmponent tolerances of the prior art thingand thick filmm crowapezsystem
assenbly met hods whereby if a m crowave system “when asserrbl ed does not

meet specifi 0 can be, di sassenbl ed for_ renpval fault o
corrpongnts aﬁgi%egé%l%ﬁ%ﬁm\h Fhout “GANQE? Fﬁmaﬁbﬂgc%(fh’e?ﬂ ens ¥:—V 12 - A4
RD- 20, 230 Thisteppbirett oduezleotreacﬁesmpmwgstdae tli‘ﬂh@f‘cldm”ISdHly:h are :

t t t he chi e ov a
_ ;gf‘lg:‘tCI()CQEC %gég%gf éé&ss%:':ls‘;% P\?;é§\?\£’§?f§ %ytﬁa?s{_ﬁtv%,per%ﬁenagﬁ t% )the

characteri st?E%r@ﬁlftg]echﬁam@eemstzmonéntharéeﬁ:.ceh oF e¢@momdm:n aee device ©

or conposentyisréram qihémta{&%@@feéog daf §8££ﬁ€ {@tﬁf%@ of han they are
when the high density interconnect dielec I'S di sposed on the chip or

structure oriBEeFeRRAednion ddieleSenis tma/eepoal i ohan ofhehea xshivhesr the

structure. 1Righ densitMrirdd StskhdS ARpLicatior Serdfdpdad Ff 5% E‘ﬁqp
(RD-19,879), entitled, *A Building Bl ock Approach to M crowave Mdul es

provi des a sOF UPFBIFLUFS 1RF rﬁ"bb’r%?’ﬁ‘bfmba‘é%%ﬁ}%‘ﬁ‘ﬁbwa% RHIoReneS thean
efficient, rehipbbe, stigdryse) d manner V\:hl ch makes the-assenbly of a

d.15 bl

e T e e oy e  CRE K e

Serial No. oamsnmems (Rmdﬂ,&ﬁvg B.‘B:lSl:tktA;ﬁ;ﬁh:o ?\hm@W&&ﬁfﬁfﬂ%ﬁ!ﬁlﬁest :
it t r em of t.es

xwggfasgdzé‘pp corrponen %vdltnl%xhatff ret I OEObﬁ?m ot g?é)cgf 221 %h "H’éﬁﬁ’é’?g\ﬁ t hout

si gnificant ¢¢mponenthelrc @porkitcienns orellrmblaéy hidre me(amerdwhdl:hsed

in RD- 19, 860a0d @Ik 1hdbich1yid G AR Sidle %@%aﬁ@g%l a8, g u

ni crowave conmponents to be packag MAPerconnect
struct ute, s%ﬁ’?%?nqqﬁﬁnac%%?sh‘fﬁ/aﬁﬂ%g@esnablev bOCh from an efflcmncy

and yield point of view. - -
. Our related US. Application Serial No. 07/504 803 (RD-19, 907)
entitled, "Mlcrowave Component Test Method ‘and Apparatus"
.prov1des a solutlon to ‘the. problem of testlng mlcrowave
20 components in an eff1c1ent, hlgh correlatlon manner w1thout
51gn1f1cant risk to the components ' '
_ Unfortunately, ‘the technlques dlsclosed in RD-
19, 880 and RD-19,879, whlle prov1d1ng the advantage of
enabling microwave components to be packaged w;th.the high
25 - density:lnterconnect:structure;'Suffer frOm“the'disadvantage
that the need to exclude the hignfdeneity°interconnect
structure dielectric layer from the'eurface of'ouerlay-
sen51t1ve mlcrowave components severely restrlc s the surface
area available for the: routlng of . hlgh den51ty 1nterconnect
30 structure conductors since they cannot be routed over the
area from which the- dielectric layer 1s “to be removed. Where
chips are closely packed for maximum den51ty, this
essentially limits the high den51ty lnterconnecr structure to
the routing of conductors in the streets and avenues portion

35 .of the structure which extends from the contact pads of one



-that the need to exclude the high density interconnect structure dielectric
| ayer fromthe surface of overlay- sensitive m crowave conponents.severely
restricts the surface area avail able for t_hei3rQuti ng of high densidﬁly_zo 230
i nterconnect 30 structure conductors sincé they cannot be routed over’ t%
area fromwhich the dielectric layer is to be renoved. Were chips are

closely packecchip thaxihemaeast 3pactsm<‘sf ¢decmdiacent| chilps t Rerhpyghtems

dewsity Intercmmicﬁtféﬁewaﬁw AR ARG, %fct&%duehg&%yl st Peqsiregts

and avenues portion 35 of the structure which extends from the contact
pads of one tmfiShmltatlon can be accommgdagedwdthrus SEXLREScARPAEE on

pads of the adimeeststdth strit@iure) Pre@pdratMinch Helekierg! whk@w a high
i nt erconnegtio denS|t3/%|s requi red, this |limtation can be accomvdat ed

wi t hout sePi ouRERHpREtC ot YR e&th SGMMGHOF So S FEARAESH: BBGBVRr, where
a high 5 densite¢sotictien czmnaeikecm@y:stwus ux&dueabueed,r &ethaerestéissiwn

can nmake a:syste unrou% a][l?a efe&wtre excessi ve af Layers 8

i nt er connect o %f%rs 0 Yea":rF FEquitFE TR S e OR b’§ P bé’ spated ? rf%er
apart than wouthbwot tize vmts:a:sloe;cné:ceesmarqed jfestt Hegr apaetpthposwoofidwi deni ng
the 10 stree t re qQignt,is

I nt erconnect c%%b%%?o?és/eﬂ%%% Oﬁsa‘%&ggg%s%%ﬁog%g&gg‘%%ge 5(}\ t'Illhﬁéegirl %%%I I
features aRd/ cftueth e arssiupfeda @ anmmmodatien thise reirgdgquanhipe of
sensitive 10 t{ig PESSHEE Yool €l ectric layer thereover, even when
they are not in the nornmal sense mcrowave circuits in that they do not
“enpl oy transmi ssion |ineBigkeehnsyHeeneciicuaare [desdmned stithhivgxy small

frequency di gitadreyss edid/dhaiBdrs fd Rt e thi dpedarai ty of
i nterconnections which is simlar to that n€ed in such 20 systens which

opgrate in t he! B0 RACHEAFINES e ffeSPTigE RefBE P&eﬂ?é‘c&l efedtric

| ayer ovenst hedi:enéeztri)& 1ahee 1€ RiNer expxent ,elenere sitlenC thelyharev adkabhetheut i ng
ar ea

normal sense microwave circuits in. tﬁat.they do not. employ
ﬁransmission lines and analog techniques. 1In such very high
frequency digital systems, there is a need for a high density
of interconnections which is similar to that need in such
20 Systems which operéte in the 50 MHz and less frequency range.
Removing the dielectric'layer over the center of the chips
severely restricts ;he_available.routing area
Accord;ngly, there is a need for a ‘high density
interconnect structure which accommodates the overlay
25 sensitivity of many components without sacfifiéing'the
_ routing density.of the high density interconnect structure.
\_/ '
_ In the present specification, we describe a system that
enables the high density 1nterconnect process to be used with very high
frequency systems without incurring 01rcu1t den51ty penalties due to
the necessity for excluding the polymer dielectric layers from active
die areas. |
The system facilitates the removal of the high

density interconnect



Accordingly, there is a need for a high density interconnect structure
whi ch accommodat es the overlay 25 sensitivity of many conponents w t hout
sacrificing the routing density of the high density interconnect structure. . .
In‘the present specification, we describe a systemthat enables the high
density interconnect process to be used_wyjh very high frequency systems
W thout incurring circuit -density penalties. due to the necessity for s
excl udi ng t heSHoCWRa diRlecEETG iTaYerafems oyern tha Active ereaepééeghmeqwem

facilitates t&fpseRPMRiutOfintrdRubir) ddePiishtal Néfleeea NGt ithe chigh-opskatitigur e
dielectric. lg%t fﬁé‘?{‘é over . the active areas of high frequency chi ps W|thout
t

I nt roduci ng 1(t‘lﬁ‘fects on the chip operating characteristics. 5 K
The systg&m al so allows use of high denS| ty interconnect structures

with canmera or |ing,ar E?%tehec%‘&@ O Bt tuaste dthe Eg%},gv aq,e@efggmtg&q

devi ce cl ear of any 1 npedi to clear; una tent ate
According tostrunturesrwitdncamanaventliios arrahetreehn¢1§91e$ éhﬂﬁé@edatheea@t:tvﬁonl c

system of theatagperi fird Wl ik aliehPast aRPCifbeRBhERRY Ctocméarandn&ﬁ&hgthted
density interconnect structure electrically connected to the ‘chip, the

structure i ncYWdPAg a first layer of dielectric material 15  bonded to an

upper sugface of said Chl p, a pattern of conductors di sposed on or in said

dielectric materi racterised hy a se%ond of said gl ectric
pg? e s

mat eri al el evat ed ’gctﬁ?v 7 SFeYHE uPpEP &}t at’ er&f 1ﬁtepr i
| n .one enbodiemkctrafict hpstenveﬁtihentype ohch:dmgda*spt&asd one ateetmohycmma

substrate whi %ﬁ h% dg f\[sw &) %é%nﬁdytpsér%cttg'rec K ect-p? Sa‘t 1 af ?csnngb?ec? G5 Mg

-l ayer of the I'nt er connect r.uc at eau
portions of t<Ph§Dsut§‘3Q r%t'ftf‘elc‘s'ur@pp@ﬁ‘%‘ijlnﬂaéefatﬁt 'layer Of d1e1eCtF1C ma‘ceﬁa\

15 bonded to - an upper surface of satd ch1p, a pattern of conductors L"
disposed on or 1n said d1e1ectr1c mater1a1 and charactertsed by a
second layer of sa1d dielectric mater1a1 e1evated above a port1on of

the upper surface of the ch1p.

20 In one embodtment of the 1nvent10n, a ch1p 1s d1sposed 1n a
cavity in a substrate wh1ch 1s deeper than the ch1p is th1ck The
first dielectric 1ayer of the htgh dens1ty 1nterconnect structure is
laminated to plateau. port1ons of the substrate s upper surface and
~during the 1am1natton process is forced to sag 1nto the cav1ty where it

25 is bonded. to the exposed surface of the Chlp. A patterned ftrst 1ayer
of metallization is supported by this d1e1ectr1c 1ayer and extends from

 ohmic contacts with the contact pads_of-the chtp to over the plateau g;;
portion of the substrate’s upper surface. The first layer of

_ dielectric material is removed from.any overlay sensitive portions of

.30 - the chip. Thereafter, the second dielectric layer of the high density
interconnect structure 1s_1aminated onto the first layer of dielectric
material, over the first layer of metallization.



‘during the |lam nation process is forced to sag into the cavity where it 25
I s bonded to the exposed surface of the chip. A patterned first |ayer of
nmetal lization is supported by this dielectric [ayer and extends from ohnic
contacts with the contact pads of the chipsto over the plateau pgyddmn3gof
the substrate's wupper surface. The first layer of dielectric
iterial is_renqoved frqom any querl ay sensitixe gortioqi,o{ 30 , the chip.
Thefeaf t er, POREGeLHSd LaMdPRELPRC PFRFERSof ERAE BPGARACRLTTSCT G t3VRRCt
sth r ufct ure : 4sl am&:&&hﬁédlo:&hﬁtt efchighsthhaytt Abesdi adbEcsad cimed ecomtacover
the first |la l.zation. - 215, - . RD- 20, 230
During the F§§§n§§Fg%5§P08§sE??EﬁPgssséoﬁﬁedféféﬁt??%1?%5%%°i%a%?$é%%ﬁéh
t"aut enougheBM&mdiﬁodmmardoﬁn$aathatueceasain whidht tize cohfp ois pbocaoed. of
the fir diyel I4C 1l r ' ayargd | : S} | ch
the chi i o™ oecreq 1eThE of heLaTf1Fac 8 el & hokal Gt €6l tod i)
of hi gh denslenpityt dntexcoonectr structires dssgbspased emectiecsecond
di el ectric b@)é‘i%cty%% qagduct '0&583Echhfs§§§§§nsfr*€ﬁe! L3844 Ot 2V £ 2 4BYon

extend across the chip wthout adverse M fecting its operatlng )
char act eri sHPY8TeFeY eKteRE arrpsestBecfhap YdthavhsadyeeselyaLEEectinge

\E/J\Iﬁp Eet ween itt!sgofp%&@b I&dﬁ@i %ﬁﬁ%&hérk/gfgbfaédehhQfaﬁhéV@hﬂﬁr15Oﬁv@i'l&ge. chip
ich is, provide e chanber, re thap one chip may be.di sposed in a
v ty Tha SRBSItIZE BBSAURE BRakbEnaaR, PRLRERR: bhe hstrind, ahefEREETe "%
structure, dayerchngs tieyaktivet perdiehcofr thel eitp dbichhiseprevided\ay ed,
whi | e ot her 0 hi s stru re y. f I gat | vagi et yS.
The second,%P%ufﬂghgféétrl rFa&é%nngggbggg o@?geggbégg $% %h?%gga¥%§£? r med
di el ectric laagethereamayaive moreoklant ongusudbr cayityninathenstructure.
ANLernat i Ve'Iﬁ\’ a Q‘i‘:r%‘”c‘&%?@,d's%h‘échfx‘igszﬁa | A¥GE PRY BEe?éé‘tPi’Ede tp arigid
support, such as a metal backing Tayer, Yo prevent It ronlsagglﬁg during

t he bonkf ng theseseyer vdexpgeda wWhdlgr etBREEoAPOROSagging, a fluid conduit

port may be provided ifhidestSMRRIA GO vRIURDrd®ated in a variety of
~ ways. The second, taut dielectric layer may be provided by
stretching a preformed dielectric layer on a frame to hold it
taut during lamination. Alternatively, the second dielectric

tern

20 layer may be pre-bonded to a rigid support, such as a metal
backing'layer, to prevent it from sagging during the bdhdihg
process. To aid in the prevention of sagging, a fluid
conduit port may be provided in the substrate to equalize
pressure within the chamber in which the chip is disposed and

25 the lamination pressure during the lamination process.

\_ | _ The atmosphere within the chamber may be controlled
by evécuating the chamber of the final structure or
- introducing selected fluids (gas or liquid), into the chamber
thrbugh the pressure equalization conduit. If desired, the

30 conduit may be configured to provide for a continuous flow of
gas or liquid through the chamber for cooling or other
purposes. S '
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pressure within the chanber in which the'chip is disposed and 25 the

| ami nation pressure during the |am nation process. The atnosphere within

t he chanmber nmay be controlled by evacuating the chanber of the final
structure or introducing selected_fguids (gas or liquid), into the chanber

t hrough the pressure equalization conduit. If desired, the 30 -conduit nay.
be configured to provide for a continuous flow of gas or liquid. through thae
chanber for cooling or other purposes. Brirf '‘Description of the Drawings

- 16 - In the acconpanying drawi ngs, by way of exanple only: Figure 1 is a-
cross-section illustration of a portion of a. system including a chanber,
in accordance with the present invention;, and Figures 2-5 illustrate B

successive stages in the fabri-cation of the Figure 1 structure. 15

In Figure 1, a portiprhefaceospyaiyeng rawimgsacbyrdaned s¥rple RBLYT esent _
invention, is illustrated i'n a cross-section view The system 10 conprises"
a substrate 12, which.may preferably be ceram c, but may be netal or other
material provided tFiurhet dsl a cuosstascsion LB RMWPDAI0R RFLEITD -
substrate and the chi p;ARHRLRS 4 REERT a4 avdbhdaziceniith tid phesent The

. substrate 1?%?1051?’35%%’ é’_.,cavr?% atllz% in which a seni conductor chip or other

el ectroni ¢ domgntrient @9 is nounted. Two fluid conduits 16 communicate with
the cavity 14 from the back side of the substrate..  .The sem conductor or 25

Cher mopl aut f o (not FUgeTn) 225 HEHRrRe BseRsesils St e 5) 20 i1s upper
surface and gppiddtabhtof ohe Fagleetl padetlredi sposed on that upper surface -
along the periphery of that surface. A first HD dielectric layer 32 is _
li(z)nded to a 30 pl ateau portion 13 of the upper .-su'rfa(_:e of 'the substrate
15 | In Figure 1, a portion of a'system 10, in
accordance with the preseni inventibn;'is illustrated in a
cross-section_view.-_The system 10 comprises a substrate 12,
which may preferably be ceramic,: but-may be metal or other
ﬁaté:ial provided the thermal coefficient of expansion of the
20 substraﬁe and the chip mounted théreon*are“suffidiehtly
| matched. The subst:a;e 12'includesfa"caVity 14 in which a
semiconductor chip or other electrbﬁicfcomponént 20 is
mounted. Two fluid_conduits 16 communicate dith the cévity
14 from the back side of the Substrété. The SeﬁicdndU¢tbr or
25 other chip 20 is preferablyvsecuréd:iﬁ‘tﬁe.Chambef by a layer
of thermopiastic-(nOt shown) . The chip 20 has an active area
22 at its upper surface and a plurality df_contact pads.24
‘disposed on that upper surface along the periphery of that
surface. A first HDI dielectric-layef332 is bonded té a
30-. plateau portion 13-of thé upper”surfaée.qf"ﬁhe-substraté 12
and to the upper surface of the chip 20. A window 50 in the
dielectric layer 32 is disposed oVer the active area of the
chip. No dielectric material is disposed within the window

S0. A plurality of conductors 34 are disposed on the



--and to the upper surface of the chi'p 20. A window 50 in the dielectric

| ayer 32 is disposed over the active area of the chip. No dielectric
material is disposed within the wnndom/SO A plurality of conductors 34
“are disposed on the - 17 - - 17 - RD- 20, 230 di el &r20¢ 2PQyer
32 and extend into via holes in the dielectric |ayer which are disposed in
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it eau porti o substrate surlace hi s |2 rconnecxlon'

structure |ﬁé?gﬁﬁgrbﬁl%ﬁ%eFeg?bFEsaﬁﬁeﬂ FPOTE f%ﬁnq Mitudhein the
background peheats padsaszl cebnaﬁetobs 34r61&exbcmhé:gd tdxaemllﬁleecmatedxﬁyer
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particul ar, Egﬁgﬂgxtﬂér%gﬁ ggggéﬁﬁ{rxgga‘gaeénf’% a‘?ﬂég@%e Vi a* J('ar'sttakes
on the shapboaﬁlﬂﬁetbﬁadhéleCtréFhbﬁyehahovthseWQ#%%#!%S@W&%EPQEQ#%E case

i f the metalpegr %o%ﬁinf;o{:ﬂsdvihrﬁ&lé@dihh@hé' &ié‘fééﬁﬁé ihy efaddr around it.
The nature of the |lasef drilling process, which is used to formthe V|a

hol es by dr'AFihgipEoNTERB ?Bﬁ"etﬁiiic‘aPF? deResiting the metr} Lhihe |

wi der ato t heohaﬁctbaa 31 bberbephéodielberye aaxm|ﬁ19&1&pev:m o TS wrmf@ved
nmet al contln Pgmtmeen e portlgn of .a on uctor ‘which is dis osed
v

Tt The’ bot t of BRkas, pBRAS E0okACEPES ERE BRe AT PR % OF
This is becaasallheauianholEnmphttiunlace tvatutirnﬁm mmmfdgunat&mnmnﬂed

e conduct SReaREEeE BHCERY VERTnETR LRKES RIHHS fikng SE Ufle SHTASKe,

achi evi ng bcatberst:bpncweeagersaaas| woudti becthetcase the thepnetal awere

;’ﬁ” | cajs waleh ppibf 25 tTQﬁﬁt Eg&f‘ a&sme89¥§eagfli§&em dfolhe YpiTofmRty of

e nmetal coverage er e deposition surface

nature of the laser drilling process, which is used to form
the via holes by drilling from the top, typically results in
a via hole which is wider at the top than at the bottom.
‘This via hole shape provides improved metal continuity

20 between the portion of a conductor which is diéposed at the
bottom of a via hole and the portion which is outside the via
hole. This is because the via hole wall surféce on which the
metal is deposited has a sloping-upward-and-outward
configuration which is known from the semiconductor arts to

25 result in a deposited metallization layer achieving better
step coverage than is achieved where the step has'a vertical_

wall surface. The term step coverage refers to the

uniformity of the metal coverage where the deposition Suriace
changes levels from one planar surface area (the bottom of
30 the via hole) to another planar surface area (the top of the
dielectric layer). When the conductors are formed in
accordance with the preferred manner described in the
background Patents and Patent-Appiications, the'uppér surface
of the metal conductor typically has a depression or dimple
35 in it at the via hole because the metal of the conductors is



changes | evels fromone planar surface area (the bottomof 30 the via
~hole) to another planar surface area (the top of the dielectric |ayer).

- When the conductors are fornmed in accord gce with the preferreﬂ%ggggeé3o
described .in the background Patents and Pat ent Applications, t &
surface of the metal conductor typically has a depression or dinple 35 in .

it at the #eRORdtedh&eadssubnbanbiallyf unifocunthicknesisseverywhére, xj
RD- 20, 230 I t up I t Kk qVv e

el ng ieIndig A Ensupihribigs Yudchopfl REBITIoR BELMOCLE o\
net al acroggPPﬁétBPQan EHPf&EEaéfaﬁﬁésél§h§cPii§aFa9EFfaceCDﬁsGQeentIy,

the surfacaieopetegy Qaybh¢ 5 CBRbakLibARLLONthE ShFEhek tBpbIBo3UbEALEe

t opol o i S deposi t ed e conduc ors~34 serve :
prPnarl y FSgﬁﬁ} g?ﬁ@“cbﬁtﬁi?‘ aﬁst94t8ﬁt5“Fﬁécﬁl5988&°§¥r9§c§hi31FBPrthe
connectlononfwhuhhedMems degbsidltedity interconnect Iayers I n.addition,

I nt erconnecti ng conduﬁ{ c%n@)é %% run i trél s . %éer g_ &3 pl a&lsau
t f .the substr Fors éarﬁqﬁﬂ'aPFﬁ E& §b
nglhgpng contestcpndsceérontn thesplayeauebunfaaEeEBafoeedhéor an extra
| nt er connebhABk ART oNshBSeNERE! hish! HERULEy 1Rrerconpect 1agetinionol

in the dielectric layer npasse € acC € area
A secd® dFEIéé?ﬁFé°Payéﬁtsscgp&ﬁgtihg chhguctarai maygbeavinyinothdbsm a

chanber 18 e%eover|tﬁg piaéeéﬁeﬂortQBhOBfetﬁ¥aEEﬂs€P9¥S thggﬁgtige
portion 22 o a .gap ose 1S se

accordancepﬁFF ﬁér&geFQYFHEaEﬁaPﬁcFEFFQtFé§lﬂﬁ§n9hEOHEgﬁeéobduGbﬂ§$t|V|ty
of the chi pn2€hasdlagedeetininatedyat heedepbl gh bRer&avht¥rddnhebeibye to

t he hei ght , of h c This.ga referably be from1l to 12 mIs high g
A pIuraI|t§g h?ﬁhgggngvf§a%gtg?fﬁ%ﬁgff conductors 38 are 25 'di sposed on'~

t he uper surface of & wd.ndiogl S0t inc theydielecardc layer 32 encompasses
the active area 22 of the chip 20. A second dielectric layer
'36 spans the chip containing cavity to form a chamber 18

whose ceiling is spaced from or elevated above the active
portion 22 of the chip 20 by a gap whose height is selected

20 in accordance with the operating characteristics and the
degree of sensitivity of the chip 20 and is determined by the
depth of the cavity 14 relative to the height of the chip.

'This gap may preferably be from 1 to 12 mils high. A
plurality of high density interconnect conductors 38 are’

25 disposed on the upper surface of the dielectric layer 36 and _
extend into Via holes in the dielectric layer 36 in alignment .QQJ'
with conductors 34 as is appropriate for the desired
interconnection pattern to the overall system. The conductor

- runs 38 may. extend across the active area 22 of the chip 20

30 without producing adverse affect on the operating
characteristics of the chip 20 because the chamber 18 is
sufficiently tall as to place the dielectric layer 36 and the
conductors 38 disposed on it upper. surface further from the
‘upper surface of the chip 20 than is required in order to

35 'santantially prevent interactions between the dielectric



"extend into via holes in the dielectric layer 36 in alignment with
conductors 34 as is appropriate for the desired interconnection pattern to
.the overal | system The conductor runs y extend across the_a

area 22 of the chip 20 30 ~ w t hout prodhgﬁ%g adverse affect on ?ﬁb%% 230
operating characteristics of the chip 20 because the chanber 18 is
sqlficientliayerIBQSand phecepebating| eltdaracteristiSt o thehecampuheritor s 38
di'Sposed onypt  upper surface further fromthe upper surface of the chip 20
than is required in order to 35 substantlally prevent interactions between
the dielectric 19 A first stage in the Rabzdcagbonagfrtlze systenecll

operating chgrgehgebSti €8 Qilﬁ?@r&@é@oﬂ?"ér@ -dedticd i} 39Ydde (DE 1n

fabrication_of t%e system 10 of ure IS | ustratedﬁ$n cross-section in

Figure & FﬁgﬁreF?guFBerlFﬁE ﬁ-? °‘€i¥%¢ e%@Y?% Ihas PeempdisRased Yvsed

on top of tRepsuEsthat gubdteitet 12 &4 PLKE. cniPp SPO di WKL W HpddEd Gdn p 20
in a rTB.nnel’E#ledF g #bs active or at | east tS over Iay sensitive portlon
C

is a layer t048 mﬂPﬂﬁr|§°s¥?§ﬁ1¥§sI%ﬁiﬁﬁetQEu?qfﬁ? i area
22 of the cbiwpr2@y-sensibivedpeteisdnj cis ayeclayedyobadieldayriy 4Efinich as

bonded fo tHE SRLERESY BRFSeRstRaf Ya ARty Soaf i oF p SR ™
surfacel0 TRbidi dietectritajeyes?2 msytlberK&ntnmamecn‘eﬂs:n,t rass gAY, be he
di electric l:é)ﬁ@&dé@eé”ﬁaEPFaﬂ:s‘?e Supgty £ v{h@eﬁﬁ 4y i s

pr Vld be e

1 am nati on, ressure erence I1s ween cavity 14 and the

| ami nati on pFé§§Eﬁbl¥OGP§ebﬂ,ﬁﬁeﬂ t@rt:be enip KOt PRt alnstead ols rmwmhe

contact w tbn?hscanye !ﬂaEQHt b9n1é§ ShridiGe SUDBAE od fo FedRd EdYdACH Y
t he upper sur ace of e chip Following this Ian1nat|on
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_difference is provided between the cavity 14 and the.
lamination pressure source which forces the Kapton layer into
intimate contact with the plateau portion 13 of the
substrate's upper éur#ace and the upper surface of the chip.
' 20 _' _ Following_this lamination process, via holes 33 are
~ laser drilled in the-dielectric'layer 32. A pattern of
'conductors 34 is then formed on the surface of the dielectric
layer 32'with appropriate conductors 34 extending into the
_:via holes and into ohmic contact with.the contact pads 34 of
25 the chip, as shown in Figure 3. All the conductors 34 extend
frem;the via holes 33 on the chip 20 to over the plateau
portion 13 of the substrate surface.
As shown in Figure 4, the dielectric layer 32 is
then laser cut around the periphery of the dielectric layer
30 40 to form a kerf 52 tc facilitate removal of the'portion 32w
of this dielectric layer which is disposed over the overlay-
sensitive portlon of the chip 20.
_; In Figure 5, the structure is illustrated after .
_ removal of the cut or window portion 32W of the dielectric
35 layer along w1th the dielectr;c layer 40 to which it is



| ayer 32 with appropriate conductors 34 extending into the via holes and
into ohmc contact with the contact pads 34 of 25 the chip, as shown in
Figure 3. Al the conductors 34 extend fromthe via holes 33 on the chip
20 to over the plateau portion 13 of the2ubstrate surface. As RPowrod,230
Figure 4, the dielectric layer 32 is then laser cut around the periphery of-

the diel ectgéﬁé@yer-rﬁps Padds DMl Vé{?f:rg‘o Béh i fpsc@(fééat& gy al of t hewd _

portion 32Wof this dielectric |ayer pose over the overlay- -

sensitive pARsHwY olfnﬁsrecmﬁptzcstann@r#%le%'é%t r fReurvelndow [3Qstrat ed -
after rermvaic@ﬁpaisestﬁn@radwﬁ@vam tzznrbﬁaaﬂ@fcrmf dlne:&.c 'itfe Secdmyer

I th r ayer, 40 to ich, it

gDogg \éMSO biﬁg%ﬁ :%T#T éf%iﬁ%? \Marﬁﬁf\/l\ﬁ'haéo %ler‘?tf%@"(ﬁr R density

i nt er coBnecdit sictuntey evih Aelds iare dammmdﬂmfélmw ddta:lmtc::\se '
22 of €._Seco of .die tr| rratela S

Mnaced oo erpduredie WGaHoN | Beta Bheloehllaltd I A2

conduct or s Bgure batterned thereon, to yield the structure shovvn in Figure

L During the | am natpopsgf Oeﬂghimfa 64 oGk Lfis! 2YPhe S O0LOLLE 1ave

substrate 12 and the ¢ e con era conn c’fed

to a vacuumd&yeRtmthe a%*ﬁ?%ftrar"fﬁ slk?apﬁmb ttl%ﬁa ehip &Qn |téiq éiﬂé?d\BiZtS i@ are

~confi gypat Iﬁbméﬁw%&m&&é&leét&f@&m s ity A angt bid dgaspddie gap
17 between the #é)lrer su#eace of the chip 20 and the pI at ea}qul_gortlon of” the -

substrate 1e: jaypn g PSR & r@%fe’aﬁ? bapds f2r 36,
a positive m@SMfawYof)ethéﬂdhXblm aﬂu o {den ity giaf?p 1I7 Bewddie the

Concber 18 WRETEA LR Tnll AR AR SR an A IR
| ayer. In asulysnrate hl@§h dansidg. thﬁ eTramimEI:torstdecﬁhef esecond dielectric
15 layer 36, ‘a positive pressure may be 1ntroduced into the
.cavity 18 through ‘the conduits 16 to prevent sagging of the
second dielectric layer 36 into the chamber 18 during the
application of lamination pressure to that dielectric layer
In a typical high density interconnect structure,”
20 .as described in the background patents_and applications, the
portion of the cavity 14 dispoSed'beiow the'dielectric layer
.32 is sealed from the atmosphere ‘above the dielectric layer
- 32 by the tight lamination of the" layer 32, Such sealing
would interfere with the use of a positive pressure in the
25 chamber 18 to- hold up the ceiling of the" chamber during !
lamination. Consequently, if it is deSired to apply pOSitive ﬁ.i
pressure to the chamber 18 during lamination or other at
other times, it is preferred to -laser drill appropriate holes
in the dielectric layer 32 prior to laminating the second
30 dielectric: layer 36-to the structure This laser drilling isf
preferably done after the depOSition and patterning of the
conductor runs 34, so that no further liquid processing is
done after drilling the holes and prior to lamination of the
second. dielectric layer 36. This prevents liquid processzng



20 as described in the background patents and applications, the portion of
the cavity 14 di sposed below the dielectric layer 32 is sealed fromthe

.at nosphere above the dielectric |ayer 32W£¥ the tight lam nation of gg

| ayer 32. Such sealing would interfere h the use of a p03|t39e Sr Qure
in.the 25 chanber 18 to hold up the ceiling of the chanber during

| ani nat i on. soCotdensefitby, enteringsthescaeity candibécouing itagpeassure to

th hanb h f d.
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conduct or I’UI’]S 34, so t hat no furt processi ng done af
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- 36. This ptevesha thﬁuaﬂemééﬁﬁiélﬂﬂyer 36280-the exposed portions R 20, 230
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presence of tPReIfPrEFTILE| SRYRT c3Fa9RE ¥He FPndReEe kR f MRRAST ¢ | ayer

I36 rray5b§2puhh.ed poeventsd bé@dﬁdgtﬁfathaﬂldib]?@d!tﬂgc prayeri o mfszlfi:gidte
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di el d | I
el ot 11, ke il 1eyaL IR ek, 16, TRLEAR) BRI OEHLE1GB dpbe ol um num or
dielectric nayenassonoprgqpng the conpletion of the | ami nati on process. As

an alternative to theA%S%nQBlEQ%nZQEHQntBaEﬁE ﬁgetefeEﬁE|QeEQBHV§£%8£ ipe
dielectric layer 32 fromthe active ortion_of the chi out
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of the portion of the chip 20, a soluble, but non-laser ablatable
~adhesive layer may be disposed over the active portion of the
chip 20 prior to the application of the laser ablatable
thermoplastic adhesive which laminates the layer 32 to the
20 upper surface of the substrate and the chip. In this manner,
the laser ablatable dielectric disposed over the active
portion of the chip may be removed by laser ablation in which
. the laser scanned across the active area of the chip 20 in an
appropriate pattern to laser ablate substantially all of the
25 laser ablatable portion of the dielectric layer 32.
Thereafter, the exposed portion of the non-laser ablatable
- thermoplastic adhesive may be removed by dissolving it in an
appropriate solvent either by immersing the system 10 in that
solvent or by spraying that solvent on the exposed surface of
30 the high density interconnect structure to dissolve the
exposed soluble adhesive. This avoids any need to use a
plasma etch to remove laser ablation debris from the chip's
surface. (The surface of the HDI structure can be plasma
cleaned prior to dissolving the non-ablatable adhesivé.)'



chip 20 prior to the application of the laser ablatable thernoplastic
adhesi ve which lami nates the layer 32 to the 20 upper surface of the
substrate and the chip. In this manner, jhe I aser ablatable diﬁbegbrbgo

di sposed over the active portion of the chip nay be renoved by laser

abl ation in which the | aser scanned across the active area of the chip 20.~
in an appropriate patReb¥Pieal sBierowave cactiie GRNRARSAt|is ofabticpmed A

| aser abl atgplga ofoh Wkinddis. Oicd R0hin Gds¥RlaeS hasl eraaidy, the exposed
portion of the non- | aser gb at,abl e t her | astic adhesive n%¥ be renoved hy -
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it may be ff&lﬂﬂeﬂeﬁia@tﬁééﬂl Cﬁwcndiaa d&&ﬁ&i%egemtalaziﬁu@ﬂ txnduits 16
to an apprqf te cooling |ch is suitable for inducing a flow of a
gaseous. or GHAFHSE |5 HOTIARARIP (RS L ATbADRFRFLAGS HRASKASER F3% t he
heat renovde pnmnéu tin nede vaiambé:at&mraitdlalm rmﬁﬂdmg:itche dﬁ tehtcool i ng -
agent throu _ er_on a cant.inuqu: D her
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While in a high density interconnect structure the

dielectric layer 36 is normally ‘continuous . and substantially
impervious, the dielectric layer 36 may have. apertures formed
therein in its ceiling portion in orderlthat-thefchamber 18
20 will not be a sealed chamber:or for: other'purposes, such as-
| admitting ultravxolet or infrared light into. the chamber 18
without it being. attenuated by paSSing through ‘the dielectric
.layer 36 which may be highly absorptive to speCific portions
of the electromagnetic spectrum, including the ultraviolet
25 and infrared portions.._ : . :
The chamber 18 is preferably vacant where the chip_ ‘;;
20 is particularly sensitive to any increase ‘in the relative
dielectric_constant of the material adjacent its surface.
_ The term "#acant" is used in this'connection to include the
30 presence:o: a_vacuum in the chamberlla'andﬂthe'presenCeVof a
gaeeous atmoSphere. The chamber 18;mayzalso’be referred to
as a low dielectric constant chamber because of the presence
of a fluid_therein rather than a solid. ' In this broad sense,
a fluid includes liquid, gasses-and.vacuum'which is
35 effectively a very low density gas.



“While in a high density interconnect structure the dielectric | ayer 36 is
normal |y continuous and substantially inpervious, the dielectric |ayer 36
. may have apertures formed therein in it#s28e+ling portion in orcdmw-202230 he
chanber 18 20 will not be a seal ed chanber or for ot her pur poses, such as
adm tting ultraviol et d t
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presence of a vacuumin t haiber - t he presence of gaseous
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cavity, 5 ‘including Whilé gthe siepmrdtior s deen descaibgd dendetpil
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density interconnect el ectric elevated™thereover I ps having t
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as fall within the true spirit and scope of the invention.



many nodi fications and changes therein may’'be effected by those skilled in
the art. Accordingly, it is intended by the 15 appended clains to cover

all such nodifications and changes as fall within the true spirit and scope
of the invention. 24 CLAI M5 1. An electronic system of the type
including at |east one electronic chip au a high density interconnect .
structure electrically connected to the chip, the structure including a i
first layer ofCLAIMS di el ectri-c material bonded to an -upper surface of said
chip, a pattern of sONghuckpEPic diyReREdF Othe Ofypd NindiRkiSing dae! @eh&t Cone
material, and characterised by a second |ayer of said dielectric naierkal'
el evat ed above &1epHIAMEFIP #Nea fligBrdensi Py dBteroanpect [fitpuctige elgctricadly
system ?ccord: RPnbectRdait thehehep ) ol dstrecemt | tududiig da efacttr itayer of
material includes .conductor of id high _d ity intergonnect, ..
structure. 5. STeaf PRI, hPted B En R o AR o, S B EPq 8 Battern
conduct ors 15 ofsuppeducarsbyditshesabcomd odi eirecsaid “Higlecti it engtamiets and
plurality of the_said chi iy e r 4 . O e 1 0f,

Precedi ny ol ai igeGRerioed By #; second] BYBHESH UG Bl MRl M GNRI D dyatea

di sposed at an akAye @ portien 20 the yppgneswitfaseiqf ke sildPt ayer and ext endi ng
fromthe second |ayer to said upper surface of said chip, said first |ayer
bei ng bonded to both said second |ayer and to said upper surface aof said
chip; the Batt&rn of* Rkt 3rCrdingriq an'@H@-- fli- WBErefine| aidr SEONY daver of

i ncl udi ng condufibdéstrabi Chatexiand incudedn obmduztoest asft shidl aighnt darisidp
pad of said chip,to said overlying second |ayer. 5. A system accordi ng
to any one of tﬂ’i‘ée‘b‘foé‘f:‘%%ﬁ i r-'é"ftg‘irﬁt wherein: -said chip is an '

over| ay-sensitive chip whose upper surface includes an overl ay-sensitive

portion. 30 6 5  ASYSRdh 2GEAHIAY {0 OHadhMaS HNGHELR" 1R dhid conductors ~
overl ay-sensitive portion of sald overlay-sensitive chipis
15 supported by the second dielectric layer interconnect a plurality of

the said chips.

4. A system according to any one of the preceding claims wherein the
first dielectric layer inciudes a portion disposed at an angle to the
20 plane of said second layer and extending from the second layer to séid
upper surface of said chip, said first layer being bonded to both said .
second layer and to said upper. surface of said chip; o
the pattern of conductors on or in the first dielectric layer
including conductors which extend from an ohmic contact with a contact
25 pad of said chip to said overlying second 1ayer.

5. A system.according to any one of the preceding claims wherein:
said chip is an overlay-sensitive chip whose upper surface

includes an overlay-sensitive portion.

30 _ _
6. A system according to claim 5 wherein:
said ovef]ay-sensitive portion of éaid overlay-sensitive chip is
free of said dielectric material.

35 7. A system according to claim 6 wherein:

LT
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“free of said dielectric material. 35 7. A system according to claim®6 .
wherein: * C L M S * 25 said overlay-sensitive portion of said _
.overlay-sensitive chip is spaced at least 1 m| fromany of said dielectric
material which extends into alignnment with said overlay-sensitive portion
of said upper surface of said overlay-sensias ve chip. 5 8. A system
anordl ng to claim7 wherein: said overlay-sensitive portion of said
over | ay- sensi tive cliapdiaveshaceensidiveaortiomaf saidigveriaysenasitive ahiapdis

diel ectric matghhaly Wy Cﬂa@i“ ?”ﬂ$l 'ﬂlo% %9985'3@51&""&1@15@{% material which

overlay-sensitive portion of said " upper surface of said
over | ay- sensi t i®&e94s gntg, ahgnﬂe%fys!’f’éﬁl getbreveRdaxFeanit i¥RePRFtiPReOf said

precedi ng cl ai Mppeheietates ot thasacevet168y-alensitive tmiyer spans said chip and
I s spaced ferlom sai d upper surface thereof whereby said second dielectric

lFayer conprises a 15 cei'ling of a chanber which is disposed between said
chip and said $econd dystemcécdordimy d¢p.cllim 7 whesgit:em according to claim9

N whi ch said chanbepj s, ¥REANLend sy %rt}orﬁo?ys%tlgrel}%? g 10 St B2

or claim 10 wherein rom sal _ ace o
chip to said sspseed betwesot ¥ apd [13ymils from anm%m@ﬁw&e@wdm@#mdl whiah?

and cl ai m 9 wWheLebiiatlint6ag]i RO dvith Shid NBveb? ﬁQfﬁv@npérahgnSéFOé‘éjid
dielectric |ayer are ohmcally connected to conductors on said first

di el ectri clq aydren surface of adeh averdryissgstidvel - 12 wherein: said ohnic
connections contact said conductors of said first 30 - |ayer where those

first conductors ar aced fro t he_pl ane of t upper. urfa e, of said
o S OE r o SR AT h T S e Bt ST8 1 ePBleine
second di el ect rsadd| seeend i diell ecla-icohajetrt spans38aid wihii p harelx ti 8 nebacee rf remi shid

Cei | ng portion pBLr %aFPac%eW&QOg'vﬁE?gﬁJ Lsgui %X&rmd dielectric layer comprises a
15 ceiling of a chamber which is disposed between said chip and said
second dielectric layer. '

10. A system according to claim 9 in which said chamber is vacant.

20 11. A system according to claim 9 or claim 10 wherein:
said chamber_extends from said. upper surface of said chip to said
second. dielectric layer. '

12. A system according to claim 2 and claim 9 wherein at least some
25 of the conductors on. said second dielectric layer are ohmically
\/ connected to conductors on said first dielectric layer.

- 13. A system according fo claim 12 wherein: .
said ohmic connections contact said conductors of said first
30 layer where those first conductors are spaced from the plane of the
. .upper surface of said chip.

14. A system according to claim 13 wherein:
said conductors on the second dielectric layer include conductors
35 which extend over said ceiling portion of said second dielectric layer.

ok [+ L- M s *



*» C L MS * 26 15. A system according to claim9 wherein: the

chip is disposed in a cavity of a substrate and said substrate includes a
fluid conduit disposed in conmmunication with said chanber. 5 16. A system
according to claim 15 wherein: the conduit is configured to enable a
fluid flow to be established through saiggchanber. 10 17. A system .
according to claim 12 wherein: said chip is disposed in a cavity of a -t

substrate, the pavity Hetae a@g&ﬂﬂhgtﬂﬁ%]gﬁ* & whéfzins thick, whereby sai d
IS, recessed relative to. a pla

upper surface of said chi teau_posrtion, of
upper . surface of sﬂ!ed %*ﬁﬁ’st‘rsat(@sp'i?dw‘" a pcYiYe Rl o?@sﬁg % ?ﬂdaﬁﬁf?
wherein: a portsubstpdtes anclukles st flluil eonduit despesed snbomiemd:ahsalvdtplsmdau .
portion of said rsa%gg;rate upper .surf.ace. 20 . .19. A system according to
claim 18 wherei A 2'$aid ohnic connections between said conductors on said
first dielegtric tayer and said conductors on said second dielectric |ayer

are di sposed OVES. saAq;yglté},; SRRk |€g|cqg1,§quwﬁmeﬁ surface of sal d

substrate. : 25 20. A system accorg to claim 12 wherein, sone he
conductors on said s@'l?on%P'lﬂ\“é'Fedﬁn‘?? é?‘é"r"-‘dar'&p dPagRISed® orf 18td ﬁ]%l EI° be

cei ling. porti onedtfabl {¥heBeasrdtighliliacitiamper ayer .- 30 21. A system
according to claim2 wherein: sone of the conductors on said second

dielectric |ayer extend over said chi p. 22. A nethod of fabricati ng a hi gh
density i nt@r cotthect ®dysysit accofdidg to cheinm ypenrnenehudl ng a plurality of

el ectronic chips, a QAﬁhcﬂ?&S{st 3ﬁ1sposed in a cavity of a substrate, the cav1ty
being deeper than sa1d chip’ is th1ck "whereby said upper surface of - _
said chip-is recessed relative to a p1ateau port1on of the upper.u
 surface of said substrate _ _ '
15.': ) o .. _ o T
18. A system according to claim 17-whereih:
a portion"of said first dielectric layer is bonded to said
" plateau porti'ori of "'sa'id-su_bstrate' upper surface: | -

20 | 19. A system acoordmg to c1a1m 18 wherem. _
said ohmic connections: between said conductors on said first
.dielectru_: layer and said conductors Qn said second dielectric layer .
are disposed over said p1afeau'port'io'n of said uppef surface of said

substrate.
25 |
20. A sysfe‘m’_ acéording to claim 12 Wheréi'i”n":'. S ’ _ o/
- some of the ooﬁductors Qn'said 'seoond dielectric layer are .'
disposed on or 'in said c'eﬂ-i'ng portion of the second die'le"str‘ic Tayer.
30 21. A system according to claim 2 wherein:

some of the conductors on said’second dielectric layer extend .

over said chip.

22. A method of fabricating-a high density interconnected system of
35 the type including a plurality of electronic chips, a high density

T



* C L M S * 27 interconnect *structure including a | ayer of
dielectric material bonded to said chips and a pattern of conductors
-di sposed on or in said dielectric material, the conductors of said high
density interconnect structure electrically interconnecting said electronic
chips, the 5 met hod conprising: a) di sgosing a chip with its upper
su.face recessed froma plateau portion of the upper surface of a
3_u Istrat_e; b) in_tgﬁdfulﬂhéﬁt %iFiﬁ&t&}elwlgmdiﬁib ah%_yb}.'gh_’fimabt?ﬁci ﬁ?rigmbeﬁ&ed
ielectric to sai ateau portion of the_uppe ur fage of said o
substrate and t® tsﬁgdsm‘fpicémgfatH%tﬁgé[?eggegg'é‘ffzg?rsc)&sm?egf Png" AN FRi%
lLayer of hi gidiedlestsiitymatieni&l,c dher @ohduchots ciforsaidriighidensi fy shtertcapeectof
t he hi gh densit ' r 1 .di.el ri L T ' depsity
nterconnect coMTEtes Sacrganl c Sisrbimet iy pdf LRl ehibe tebi
gontacts td comeibed sa@RriEing: of said recessed chip to. over said

pl at eau-portion of td)e URAGpoSig BCEN AW 15 UNS! Lph&s dhrface HaBSided fraf@oNnd
| ayer of the hi i nterconnect dielectric to the portions of said -

h density.
first |ayer of pﬁﬁé‘*?ﬂ Qﬂ_"%‘é’ﬁsﬁ VP HRPRE G date @fef XPBE@RHI ch are di sposed

over said plateau pm)ti omopliird) a firet UppRr o theenigh sehshtyuhatéiopnecai d
second | ayer of,.the high density jnterconnect dielectric spanning the _.
recess cont ai ni%ﬁ%%rdgréeeésgé% thﬁaﬁnW% JPRg ©f p 408 3 UPPYm %%Facgp Ersmd
surface of1Gai Gubstedeesahd Ito pthey sar falcandfethe aredesged chimrm ng --a second
| ayer of high density ¢ cgn 2 ongu s%)é;‘s L d iRE&WAnAY er
of the high densi tyqzlsjnterfggﬁﬁgd(’:tQQP@I?%Et'rS'iag?PS%?dC@.con Z_ er 1@? hi gﬂé&
densi ty i nt er coondéctocsnancesid fingtudiavgr cofidbeohdsmniiensiiy e inkerceanegt

connected to condywedtphs, Maidatfrdti ajer 3YCRidN dBhtydeMGIrbdndedl CEGRIBES S
c‘eﬂductors at c,oni%?_t poi nts di sposed over ?&I d pl at ea‘u?a(%grtlon of the
upper surface ofcdudigesePndustiys; phich extend Troms o, saNtast s+ IR CPRTAGt AP 2

further corgri fngaier radesk®d Sh@p to over said plateau.portion of the upper surface
said substrate; _

_ d) . bonding a second Tayer of the high density interconnect
dielectric to the pdrtions of said first layer of the high density
interconnect dielectric which are disposed over said plateau portion of

20 = the upper surface of said substrate, said second_Tayer of the high
density interconnect dielectric spanning the recess containing said
recessed chip and being spaced from said upper surface of said recessed
chip by a chamber; and

e) forming a second layer of- high . density interconnect
25 conductors on said second layer of the high density interconnect
\_ . dielectric, said second layer of high density interconnect conductors
including conductors which'are'ohmica11y connected. to conductors of
. said first layer of high density interconnect conductors at contact
_ points disposed over said plateau portion of the upper surface of said
30 substrate. |

23. The method recited in claim 22 further comprising prior to step
(d) performing the step of:
removing the high density interconnect dielectric material of

- _ SR ) ) . .
35 . said first layer of }h@;&igb density interconnect dielectric from a

MULULE



(d) performing the step of: renoving the high density interconnect
dielectric material of 35 said first layer of the high density
i nterconnect dielectric froma 28 portion of the surface of said

recessed chip. 24. The method recited in claim23 wherein said recessed

chip includes an overlay sensitive portion gnd said nethod further
conprises 5 the step of: placing a rel eas® | ayer over said

over | ay- sensitl é)nryf%eogu's@ g é{e%gd% %cgglé ?Hé)r to the:step of

bondi ng sai d flrs er of ~sal connect dielectric. 10
25. The net hod reC|ted I n cIa|n124 wherein: said rel ease |ayer is not

bonded to.sai dghi p-pgb. methc)d‘eré@ttg?d1ﬁe%h5ﬁﬂ 2@ h@dTh24atlersidsseal Gnip

met hod further conprises the ste . excising the portions of-
sai d rel ease | dpeudesansayer 11ab’r%ﬂ"5r' hiMer PRt iRN Andgaig ethog fugtlhes, ReiRrises
d|electr|05§romhgwgkpsafd overlay- sensitive portion of “said recessed chip
prior to the step of bondlng sai d oS¢ cond:|l ayer .qf._sa

i nt er connect di el ectYRETNDE e % REEhRRIP QYR éﬁy*ﬁ?géfg‘ivﬁl Eﬂ'y‘/\ﬁar%f n
sai d rel ease | aped caepsedehin d)narurnacb etHeastegy: ofannouqmg shiy effi rahi tayer sof

abl at abl e by asgqlétﬂ%ﬁa r\gwelnegmnggt Wikhawqket |ight;. ‘and a | ower

| ayer which is no by 'sard particul ar mavelength of ultraviol et
light. 25 28. The nethod recited in. claim24 wherein sald met hod further.

conpri ses {1e $6eP Ghe mthdli fLitée Boé‘téﬁa”éttq\fhe?éird first - Fayer of high
density interconnect dielectric and t ﬁgwtlons of .said upper |ayer of
’s°'p'6%

said 30 release | &pdf RilePese daxerq; Bded te5aidoGain- ‘ay-sensi tive

portion of said recessed Chlp prior to the step of - bondi ng sald_second
o0 ons o S B PR SRR SRl e 8 Tthd? e
compmses the step of:
i5 exc1s1ng the port1ons of said" release Iayer and sa1d first layer
of high density interconnect dielectric from over. ‘said overlay-—
sensit"ive portion of said recessed chip prior to the step of bonding

" said second layer of said high density interconnect dielectric.

200 27. The method recited in claim 24 wherein said release layer
comprises a laminate having: A S
an upper layer which ‘is a_b1atab1e.- by a pa'rt"icu"lé*'r"_} wavelength of
u]trav-io_let light; and a lower layer'Which'_ is not ablatable by said
particular wavelength of ultraviolet Tight. |
o o . N - -
' 28. The method recited in claim 24 wherein said’ method further
comprises the step of: B ' SRR
ablating the portions of "s'éi_d ‘first layer of 'h'igh density'
interconnect dielectric and the portions of said upper layer of said
30 release layer which are disposed over said oVerlay-Sehs'i'tive portion of
said recessed chip pr1or to the step of bonding sa1d second tayer of.
said high density interconnect dielectric; and -
dissolving the portions of said Tower 1ayer of said release layer
- . which are di'spdsed over said overlay-sensitive portioh of said recessed
'35 chip prior to - the step of bonding said second -Tayer" of said high

R
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‘which are di sposed over said overlay-sensitive portion of said recessed 35
chip prior to the step of bonding said second | ayer of said high 29
-density interconnect dielectric. 29. The nethod recited in claim?24
wherein step (d) conprises: securing said second |ayer of said high density
interconnect 5 - dielectric to a fixture which holds said second | ayer of
3§§d hi gh density interconnect dielectric éﬁ?ficiently taut to prevent it -

from saggi ng fay._engugh, i nt:a.sai d. chanber to adversely affect the operating
neHg & 8151%

characteristi chGB? AR 1%d bonding said second |ayer of

said high density interconnect 10 dielectric said first |ayer of

said high de-rb%}.ty.mennn%&ﬁ@n&%ﬁtga el @ctidite 230 wherd i é’f%bh%G)r@&hﬂrﬁgeéﬁ
claim 29 wherein said method further conprises the step of. 15"
separating sai d fi xtseceringomaieserandi davest oFaisaidebighd deagtly dnterganecigh

density intercqRa@eétrdbetECs rfi&thd Ghhich ROEedai® sRbAd Fidysk bAY&SHidOhigni d
hi gh density interconnect dielectric. 31. The, method recited in claim 24
wherein step (@eNebhprinterconpect dielectrigSuffiGipnddy qtadc dpdPnensay idr Teef d
hi gh density i rdaggOnmectendigh eatd isaid chamb#ac kb ngiversdly affeeh thel seradinh

second | ayer of ,said hi.gh density . interconnect dielectric sufficiently taut
to prevent it f?hgﬁ?cgt‘f&égﬁ Si fgaggi?cgﬁ%%(g "?’a?ngnough to adversely affect

the operating char adioadirg | sesdofsesend! rayeese€dsatd phighndleasity interconnect

bondi ng sajql senanged ake sl SAidt Ni@heACRH t¥aid" FIFONGGHS +fi GhEEtddnfied©

said first (fayer, 2 sa_uxd i ghsﬁéngi typfent e%?conar?ect df’l&el ect rig. bg g‘ﬁe

met hod recited digle¢Hdiim 29 wherein said nethod further 30 conprises the

step of: separating said backing plate fromthe portions of said second

| ayer of said high density interconnect djelectric which are bonded. to said

fhest 1ayer of ¥aid hegiPedRetki t8F1ited et onl®: adi &P8EeN P MRERAY Si¥ahMeai d

chanber . comprises the step of: _ . .

15 separating said fixture from the portion of said second layer of
said high density interconnect dielectric which is bonded to said first

layer of said high density interconnect dielectric.

31. The method recited in claim 24 wherein step (d) comprises:

20 securing said second layer of said high dehsity interconnect
dielectric to a backing plate which holds said second layer of said
high density interconnect dielectric sufficiently taut to prevent it
from sagging into said chamber far enough to adversely affect the
operating characteristics of said recessed chip; and

25 bonding said second layer of said high density interconnect
dielectric to said first layer of said high density intérconnect
dielectric.

32. The method recited in claim 29 wherein said method further
30 comprises the step of:
separating said backing plate from the portions of said second
layer of said high density interconnect dielectric which are bonded to
said first layer of said high density interconnect dielectric or which
span said chamber. |
35

T



35* C L M S * 30 33. The nmethod recited in claim22 conprising:
providing a pressure equalization aperture in said second l'ayer of said

hi gh density interconnect dielectric as part of step (d) to aid in
preventing said second | ayer of said high density interconnect 5

dielectric fromsagging into said chanber during said step of bonding sald,n
second | ayer of said high density i ntercondtect dielectric. 34. The net hot
recited in claim24 conprising: providing a pressure equalization aperture -
in sai d subst38te tThel@ethodi neditedrieveimg2 semgrieid®ad | ayer of said high

density interconnegl o0 fngch rd&s&u@eﬁ@ﬁﬁ'z&% rﬁ%p@ﬂﬁ#ﬁhm @a@dss’ﬁcdnﬁhﬁ?ber )
during said step.of  bonding said second er ﬁﬁ% <g§nf B
i nt er connect @fesaick high 9@%&%&*&&%&&198 trdﬁeﬁ'sa[’? tgoé 8¢ o
of said recess@dppbighting %aidC sdcond 'Iﬁ'er of said high density 1nterconnect
5 d1e1ectr1c from sagging into said chamber during said step of bonding

said second layer of said hwgh density 1nterconnect dielectric.

34. The method rec1ted in claim 24 compr1s1ng
providing a: pressure equa11zat1on aperture 'in said substrate to
10~ aid in preventing said’ second layer of-sawd_h1gh den51ty~1nterconnect
dielectric from sagging faf'enough into_said chamber during said step
of bonding 'said second layer of seid -high density intercbnnect )
dielectric to adversely affect the operat1ng character1st1cs of said '\uJ
recessed chip. ) g
15 '
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