A H GH DENSI TY | NTERCONNECT STRUCTURE I(IEP@ QkﬁA SPACER STRUCTURE AND A °
GA@,ﬁhe present invention relates to thel fiel f high density

i ff'er connect ed circuits, and nor e atly,  fdo----highg _
frequeng?/ ~ high “density interconnect%?iécrr%g}lt?y M crowave’ "gystems -

are .often conposed of monolithic mcrowave integrated circuits

(MM GCs), other active mcrowave devices such as gallium arsenide (GaAs) T
transi stors, passive mcrowave conponents; and ot her non- ﬁbpﬁgw%§% o
conponents such as |logic and control structures.

‘A HIGH DENSITY INTERCONNECT STRUCTURE
INCLUDING A SPACER STRUCTURE. AND A GAP

’The present invention relates to the field'_of
high = density intercbnnected c1rcu1ts, and - more
_pa:ticularly, .to " high frequency hlgh density
interconnected circuits. _ ' '

Mlcrowave _systems are often . composed of
monollthxc mlcrowave 1ntegrated ‘circuits {MMiCs), . other
active microwave devices such as gallium arsenide (GaAs)
transistors, passive microwave components and other non-
mcrowave compénents such as logic and control structures.

' A monolithic microwave 1ntegrated c1rcu1t or
MMIC is an 1ntegrated circuit which is designed to operate
at microwave frequenc1es. MMICs are normally fabricated
in GaAs because of the much hlgher potential operatlng '
frequency which GaAs provides as compared to silicon. A
typical MMIC may include one or more amplifiers, some
‘passive components and one or more feedback 1loops which
provide feedback < from fhe output of an amplifier  or,
circuit back to its inpuf to establish a desired transfer
- function for that c1rcu1t.

It  is known in the art to fabrlcate microwave
systems from a variety of such components by providing a
ceramic _substrafe having microstrip RF circuitry, DC
supply lines (écnductors), logic lines, control lines and

~contact. pads fabricated thereon and by attaching devices
and cdmponents such as MMICs, GaAs transisfors; o%her
microwave and supportlng components to the substrate and
connecting them to the circuitry on the substrate u31ng
wire bonds or tab interconnections.,'
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A qonolithic mcrowave integrated. circuit™ or MMCis an integrated

: c%rquit which is designed to operate at m crowave frequencies. MM Cs are

nornmal ly fabricated in GaAs because of the nmuch higher potential operating
frequency which GaAs provides as conpared to silicon, A typical MM C nmay
I ncl ude one or nore anplifiers, some passive conponents and one or nore

. f'eedback | oops which provide feedback fromthe output of an anplifier or
circuit back to its input to establish a desired transfer function for that:
circuit. It is known in the art to fabricate m crowave -

2 :  RD-20, 382 |
. . ] ’ . ) | e

Such fabrication techniques have a number of
disadvantages which are discussed more - fully in the -
related application GB No. 91,070,029.2 (filed April 4,
1991), entitled "A High Density Interconnect Structure
Including a Chamber™. '

- A high density interconnect (HDI) structuré~ or
system which has been developed by General Electric
Company offers many advantages in the compact assembly of
digital and other electronic systens. For example, an
electronic system such as a. microcomputé: - which
incorporates between 30 and 50 chips can be fully
assembled and interconnected on a single substrate  which
is 2 inches long by Z_iﬁches wide by .050 inch thick.
The mazimum operating frequency  of such systems °is
normally, at present, less than about 50 MH=. Even more
impqrtaht than the compéctness of this ' high dehsify
interconnect structure is the fact that it can be
disassembled for repair or replacement of a faulty
component and then reassemblied without significant risk to
thg good components incorporated within the system. This
rewofkability or repairability is a .substantial advance
over prior connection systems in which iewcrking the -
-system to replace damaged components was either imposéible
or involved substantial risk to the good éomponents.

Briefly, in this high density interconnect
structure,a ceramic substrate such as alumina-which may be
100 mils thick and of appropriate size and_strength'for the
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_systenms froma vari ety of such conponents bstrate

having mcrostrip RF circuitry, DC supply | ogi c
| &¥nes, control Iines and contact pads fabr¥cate R t2aEhigy
devices and co ents such as MM Cs, GaAs transjstaqrs, other mcrowave and

supporting cB¥p ?1 t%Y?foe’?he"%LﬁJ%‘?‘f’aéeéi anddohidas A HEhSS L¥hdesrr cui t ry '
on the substthie 2isimched reqinrsEs ut tnaiy ibd ezracdmnﬂn:tgle&n&r smaller. '

Once the position of the various chips has been specified,

e e Ee .

individual cavities or one large cavity having appropriate’

5 depth at the 1ntended locatlons of dlfferlng chips, s .
prepared. Thls may be done by. starting with a bare substrate
having a uniform thickness and the desired size.

Conventional, ultrasonic or laser milling may be used to form
Ehe cavities in which the Qarious chips and other components
'10‘ will be positioned. For many systems where it is desired to
| place chips nearly-edée—tofnge, a single large'cavity is
satisfactory. That large cavity mey typically have a uniform
depth where the semiconductor chips have a substantially
uniform thickness. Where a particularly thick or a
15 .particularly thin component will be placed, the eavity bottom-
may be made respectively deeper or shallower to place the
-upper surface of the corresponding component in substantlally
the same plane as the upper surface of the rest of the
components and the portion of the substrate which surrounds
20 the cavity{ The bottom of the cavity is then provided with a
' thermoplastic adhesive layer which ‘may preferably be
. polyetherimide resin available under the trade name ULTEM®
6000 from the General Electric Company. The various
components are then placed in their.desired locations within
25 the cavity, the entire structure is heated to about 300°C
which is above the Softening point of the ULTEM®
polyetherimide (which is in the vicinity of 235°C) and then
cooled to-thermoplaétically bond the individual components to
the substrate. Thereafter, a polyimide film which may be
30 Kapton® polyimide, available from E.I. du Pont'de Nemours
Company, which is =0.0005-0.003 inch (=12.5-75 microns) thick
is pretreated to promote adhesion by reactive ion etching
(RIE), the substrate and chips are then coated with ULTEM®
1000 polyetherimide resin or another thermoplastic and the
35 Kapton film is laminated across the top of the chips, any
othei components and the substrate with the ULTEM® resin
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2 Such fabrication t echni ques have a number
" di;scussed nore fully in the related applicati ”
Aprli 4,:1991), entitled "A High Density Idterc ROG{20di318¢ a
Chamber ™’ A hi gh density interconnect (HDI) str whi ch has
been devel ope®IRiGeddr @ thegmoplastispadpestiver sonhaydaghankKageen®n inhe

conpact asserglaceof Chlfﬁa'ﬂe%'fte&')dv@.bhﬁblﬁseﬁicéoﬁrévﬂléaeWﬁrefe?&élyeﬁﬁﬁrm'e
an eleCtronICaseQ/Jrlelng) Qn the Kapton réﬁﬁ) f%ﬁk@ 13@£§s in ali gnment
with the contact pads on the electronic components to which
5 it is desired to make contact. A metallization layer which
is deposited over the Kapton® layer extends into the via
holes and makes.electrical contact to the contact pads
disposed thereunder. This metallization 1ayer nay be
patterned to form individual conductors during the process of
10 depositing it or may be deposited as a continuous layer and
then_patterqed using photoresist and etching. The '
photoresist is preferably exposed using a laser to provide an
accurately aligned conductor pattern at the end of the
process. Alternatively, exposure through almask may be used.
15 ' Addltional dielectric and metallization layers are
‘ - provided as requlred in order to provide all of the desired
electrical connections among the chips. Any mlspoSLtlon of
the 1nd1vldual electronic components and their contact pads
is compensated for by an adaptive laser lithography system
20  which is the subject of some of the U.S. Patents and Patent
"Applications which are listed hereinafter.
This high density interconnect structure, methods
of fabricating it and tools for fabricating it are disclosed
_ in U.S. Patent 4,783,695, entitled "Multichip Integrated
25 Circuit Packaglng Configuration and MEthod“ by C. Ww.
Eichelberger, et al.; U.S. Patent 4,835,704, entitled
"adaptive Lithography System to Provide High Density
Interconnect" by C.W. Eichelberger, et al.; U.S. Patent
4,714,516, entitled "Method to Produce Via Holes in Polymer
30 Dielectrics for Multiple Electronic Circuit Chip Packaging"
by C.W. Eichelberger, et al.; U.S. Patent 4,780,177, entitled
“Excimer Laser Patterning of a Novel Resist"'by_R.J.
Wojnarowski et al.;
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I ncorporates between 30 and 50 chips can be fully assenbl ed and
“interconnected on a single substrate which is 2 inches long by 2 inches

wi de by . 050 inch thick. The maximum operating frequency of, such
syst.ens is- normally, at present, |less than about 50 MHz. Even nore

| Mportant than the conpactness of this high density interconnect structung
is the fact that it can be di sassenbled for repair or -
replacement of a faulty conponent and then reassenbl ed wi thout s
significant risk to the good conponents i ncorporated within the s ste

This reworkability or .repairability is. a 3ubstantial advance RD-20, 362

] T

U.S. Patent No. 5,109,946, filed September 27, 1988,
entitled "High Density Interconnect With High Volumetric
Efficiency™ by C.W. Eichelberger,—et al., U.K. Patent
Application No. 9107029.2 entitled "A High Density
Interconnect Structure Including a Chamber®™, by R. J.
Wojnarowski, et al. Each of these Patents and Patent
Appllcatlons is incorporated herein by reference.

This high density interconnect system has been
developed for use in interconnecting semiconductor - chips
to form digital systems. That is, for the cbnnection of
systems whose . operating frequencies are typically 1less
than about 50 HHz, which is low'enough that transmiésion.
line, other wave'impedance matching and dielectric loading
effects have not needed to be considered.

" The interconnection of microwave structures or
devices intended to operate at GHz freguencies presents
many problems, considerations and challenges not faced in
the interconnection of digital systems which operate at

_ frequencies of less than 50 MHz. Use of microwave
frequen01es requires consideration of wave characteristics
transm1351on line effects, material propertles at

~microwave Irequencies, the presenée of exposed delicate
structures' on MMICs and other components and  system and
component characteristics which do not exist at the 1lower
operating freguencies of Such digital systems. These
considerations include the question of whether the
dielectric materials are suitable for use at mwmicrowave
frequencies, since materials which are good dielectrics at
lower frequencies can be quite lossy or even conductive at
nmicrowave freguencies., ' Further, even if the 'dielectric'
~is not 1lossy at microwave frequencies, its dielectric

__',____—-—————‘_—‘_—‘__‘_—
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.over prior connection systens in which remorkfng the systemto repl ace
- dgmaged conponents-was either inpossible or involved substantial risk to

t-he gyood: conponents. Briefly, in this high density i nt er connect
structure, a ceramic substrate such as al uni na which may be 100 nils t hi ck’
arrd of appropriate size and strength for the ' 3 overall system is
provided. This size is typically |less

6 RD-20,382
v

- constant itself maf be high encugh to uhacceptably modify

the operating characteristics of MMICs, GaAs transistors
and  other microwave componénfs or structures which might
be interconnected wusing a high density - interconnect
structure. | |

Where chips are closely packed for maximum
density, this essentially 1limits the thigh density
interconnect structure to the routiﬁg of conductors in the
streets and avenues portion of the struéture which esxtends
from the CQntact_pads of one chip io the contact pads of
the adjacent chip. For -systems in which relatively 1low

. interconnection density is required, this limitation can

be accommodated without serious impact on the syétem

structure or operation. However, where a high density of .

interconnect conductors is required, such a restriction
can make a sfstem unroutable or réquire excessive numbers
of layers of interconnect conductors or can require that
the chips to be spaced further apart than would otherwise
be necessary, just for the purpose of widening the streets
and avenues to aécommodate "the required gquantity of
interconnect conductors. ' o

’ . Digitai systems which are designed with very'
small feafures and/or which are designed to ~operate at
frequencies in the GHz range can be sensitive to the
presence of a dielectric layer thereover, even when they
are not in the classic sense, microwave circuits in that

they do not employ transmission lines and analog

technigues. In such very high frequgnéy digital_systems.
there. is a need for a -high density of interconnections
which is similar to that need in such systems which
operaté in the 50 MHz and less frequency range. Removing

.the'dielectric'layer over the center of the chips severely
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~than 2 i*'nches square, but may. be nmade larger or smaller. Once the position
of; the various chi ps has been specified, individual cavities or one'large
cavi tly havi ng appropriate depth at the intended | ocations of differing
chi’ps, i's prepared. This may be done by starting with a bare substrate
havi ng a uni formthickness and the desired size. Conventional, ultrasonic -~
or laser mlling may be used to formthe cavities in which the various . ,.:

chi ps and other conponents will be positioned. For many systems where it is
desired to place chips nearly edge-to-edge,, a single |arge cayﬁﬂyéés382
satisfactory. That large cavity may- typically have a unlform

restricts the available routing area.

| Related U.K. Application No. 9107029.2 entitled,
YA High Density Interconnect Structure Including a
Chamber" places overlay-sensitive chips in 'deep enough
cavities that their upper surfaces are spaced below the
upper substrate surface, léminafes the initial high
density interconnect dielectric layer to the chips and
substréte in a manner which causes that dielectric layer
to *sag® down onto the recessed surfaces of these chips.
Metallization disposed. on that first dielectric 1layer
contacts each of the recessed contact pads and extends up
the slope of the "sag" onto the planar position of . that
initial dielectric layer. That initial dielectric layer
is then removed from the overlay-sensitive portions of the
chips. A second,_taut dielectric layer is then laminated
across the entire structure. This second dielectric
layer is spaced from the overlay-sensitive portion of the
recessed chips by the depth to which the tops of those
chips are regesséd; & normal high density interconnect .
structure metallization layer is then formed on this
second dielectric 1layer with contact to the recessed
contact pads ‘being made via the portions of " the initial
metallization which ~are disposed ‘over the top of - the
substrate. _ .
' While this accommodates the need, it is more
.cumbersome to fabricate than normal high density
“interconnect structures and is not directly applicable to
.flexible high density interconnect structures which are to
be separated from their fabrication carrier (substrate)
after fabrication as taught in related, incorporated by
reference U.S. Patent No. 5,019,946, entitled "High
Density Interconnect With High Volumetric Efficiency", and
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dept h where the sem conductor chips have a substantially unifarmthickness.
"Where a particularly thick or a-particularly thin conponent will be placed,
the g¢avity bottom may be nmade respectively deeper or shallower to place the
upper surface of the correspondi ng conponent in substantially the sane
plane as the upper surface of the rest of the conponents and the portion of
the substrate which surrounds the cavity. The bottom of the cavity is then”
provided with a thernoplastic adhesive |ayer which may preferably be o enEee
pol yetherim de resin avail able under the-trade nanme ULTEM 6000 fromthe
GEneraI El ectric -Conpany. The various - 8 RD-20, 382

. | . -
U.K. Patent Application No. 9107029.2, entitled ®A High
'Density Interconnect Structure Including a Chamber®’. .
Accordingly, there is a need for a high density
- interconnect structure which accommodates the overlay
sensitivity of many components without sacrificing the
routing density of the high density interconnect
struéture, which 1is - applicable to substfateless high
density interconnect structures and whose fabrication is
more similar to the standard fabrication process.
Accordingly, a  primary object of the present
invention is to provide 'a high density interconnect
" structure having an air dielectric disposed above overlay
sensitive portlons oi integrated circuits and other-
components. :
Another object of the present invention is to
provide a simplified overall structure for such a system.
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_conmponents are then placed in their desire
the entire structure is heated to about 300[ ve the '
gof teni ng point of the ULTEM err] p®lyetherini SN t hRPvERi Afty
of 235[err]C) and then co dt .th rmpplastically, bond the individual
“components to the subsfF b% TﬁgP gtg? LE pBFy?ﬁ¥ﬁel?v?$¥ﬁﬂ?dﬁsﬁﬁ§ be
Kapt on poIylprde;davalBampblfzed1ﬁx¢cedm fmwnfithGaumng;dkhm@mnwgnwhmqh y

[err] 0. 0005- Qnggégbﬂﬁgc£[s££Lé@u§e7é &Cgrg%f)é &@%ﬁ%p{ to -

pronot e adhe active ron etc chips are
t hen .coat ed hetche@nmwem@ﬁ pgnyethwumd@mresumf cﬁlmdmrc tdw\plmpln&st iC.

and the 5 and overlylng dielectric materlal LI e

cavity,

Another object of the present 1nventlon is to
provide a process fpr-proyldlng an air gap in a high density
interconnect structure which involves only a singlé
lamination step. |

10
Summary of the Invention

The above and other objects which will become
apparent from the specification as a ﬁhole, including the
drawings, are accomplishedﬁin'édcordance with the present

15 inVention-by providing a spacer structure on integrated
circuits and other components which are overlay senSitive. .
The initial dielectric layer of the high density interconnect
structure is laminated to this spacer structure, with that
dielectric layer being spaced from the surface of the
20 electronic- components by substantially the thickness of the
spacer structure. Preferably this spacer structure is '
latérally displaced from overlay sensitive portions of the
electroniq component (s) . - Contact pads which are cohnected to
conductors of the high density interconnect structure are
25 referred to as connected contact pads. Each of the connected
| contact pads preferably has the spacer structure disposed
" thereon in order that interconnection vias may be formed in
an overlying dielectric layer in alignment with the contact
pads, with the vias extending into electrical contact with
30 the contact pads and having solid, uninterruptéd walls
suitable for sﬁbsequent deposition of the metal of the high
‘density interconnect structure in those vias to connect the
- contact pads to the conductive runs in the high density.
intercohnect structure itself. Where the spacer structure is
35 non-conductive, these via holes preferably extend through the
entire thickness of the spacer structure in alignment with
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Kapton filmis Ian1nated across the top of .
- apd the substrate with the ULTEM resin 4%3 _
adhesive,to hold the Kapton in place. ]&pereaft poovbed>

(preferably by laser drilling) in the Kapton and ULTEM | ayers jn alignnment
wi-th the conktatchepadd eonthetelepadsnin cpdpponentsléck Ly tcometasi red

to make contqghy ¢4 FRbhhbAAhEAD:EYBhe M hnect structure. Wnere the . -
" .spacer structure is cpnduétive with each contact pad having
an electrically separate post disposed thereon, the v1a holes
S extend through only the first dielectric layer to expose part—'
of the upper surface of the conductive posts.

In accordance wlth one preferred embodiment,
dielectric material is diSposed on the electronic components
and patterned to leave their overlay sensitive portions

10 uncovered. The remaining dielectric material then comprises
the spacer structure. This spacer structure dielectric
material is preferably sprayed or spun-on, but may be
laminated if desired A first high density. interconnect
structure dielectric layef is then laminated to the spacer

15 - structure with a thermoplastic adhesive. That first
dielectric layer is held sufficiently taut during the
lamination process that after completion of the lamination
process it remains séaced from the overlay sensitive portions
of the electronic components by substantially the height of

20 the spacer structure. '

_ The spacer structure may comprise a plurality of
spaced apart posts or a continuous ridge such as an annular
polymer dielectric wall extending along the periphery of a
chip. Such a wall or ridge may include separate posts or

25 projecting portions which exténd out over contact pads which
would not otherwise be covered by the dielectric wall.

W—W i i -
The subject matter which is regarded'as the
30 invention is particularly pointed out and distinctly claimed
in the concluding bortion of the specification. The
invention, however, both as to'organization and method of
practice, together with further objectS'and advantages
thereof, may best be understood by reference to the following.
35 description taken.in connection with-tﬁe accompanying .
drawings in which:
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I s deposited over the Kapton[err] |ayer ex
"mekes electrical contact to the contact pa : :
metal | i zation | ayer may be patternedlio formi ORB-2I01) B 872

the process of depositing it or may be deposited as a continuous |ayer and-
t hen patterned using pFéguresiisisapdrerspeR§ivehdlpnst vaeiontof £y ef erably

exposed USi Ngnpebag€Edt 81 PEQYE U8n BPs AsEMISE Sty & A aedi&iudyct or pattern af
the-end of the process. Alternatively, exposure through a mask nay be usee--

Addi tional diBFEEEPTREGRASTEVEFPFEatiRstFalRrEeade Movitedaksicagdonedtin
order to prothdeodbk19inghrigRsdesdity interconnect structure;

S Figures 2-6 illustrate sequential stages in the i

_1
_|
=
n

fabrication of a high density intercqnnect structure on the
substrate and chips of Figuré 1;
Figures 7 and 8 illustrate alternative
cdnfigurations for the spacef structure illustrated in Figure
10 3; |
' . Figure 9 illustrates a further alternative
configurétion for the spacer structure and the contact pads
on the integrated circuit chip;
Figure 10 is a perspective cross-section view of a
15 multiiayer high density interconﬁect structure having air

gaps within the high dgnsity interconnect structure.

Retailed Description
Figure 1 is a perspective partially cut away view
20 of a high density interconnect structure substrate 12 having
‘a cavity 14 in which a plurality of integrated circuit chips
16 gre~disposed, Two of these chips are illustrated in the
figure.' Chips 16 have contact pads 18 disposed oh.their .
- upper surface. In this structure, the integrated circuit
25 chips 16 have been bonded to the bottom of the cavity 14 by a
thermoplastic adhesive 15 which may preferably be a
polyetherimide such as ULTEM® 6000 polyetherimide resin
available from General Electric Company and the structure is
ready for fabrication of a high' density interconnect
30 structure thereon. _
The fabrication of this . high dgnsity interconnect
structure begins with the fabrication of a spacer structure.
' In accordance with one embodiment of the invention, a first
step in the process of‘forming the spacer structure cdmprises
35 depositing a uniform layer of polyamic acid'on top of both
the integrated circuit chips 16 and the exposed surface of

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
REPLACED

(0




vi dual

el ectrical connections anong the chips. A
" el-ectroni c conponents and their contact pads by an
adaptive | aser Iithography systen1mhich2is t RO &

Patents and tent I|c ons_.which are |isted herein fter
density int e&g a]t}u s”}‘f‘es[ At N %“né’ edy A B 8§ FgF
fabricating oneahglfilm@hnamj femdieS.t Heatseritveh t7 8% ﬁﬂfe, pailyiamiedat E/til ti Chl p‘

:Elntcﬁglr gterege%{ﬁw‘ P%E?%‘p%aﬂcoﬂ{l}%u%go%ﬁwﬁ %:é‘gt i vEeEF fhogr aphy

. System to Prbayee 2ﬁgmfuphgane515t is deposited on top of the dried .

5 polyamlc acid layer 22. The structure at the end ofithis kS
step is illustrated in Figure 2.

Next, the photoresist- 23 is exposed using a masked
light source or a laser to leave a structure in which the
photoresist is insoluble in its developer only on those

10 portions of the dried polyamlc acid which are coincident wzth
the desired location of the spacér structure. The
photoresist is then developed in the normal fashion with a
dilute basic developer. This development removes.the soluble
portions of the photoresist and the polyamic acid thereunder.

15 Thereafter, the remaining photoresist is removed in a normal
fashion with an organic solvent, leaving the structure
illustrated in Fiqure 3 in which the polyamic acid 22 is
present on the entire upper.surfaoe of the substrate 12 and
in localized plaoes on the integrated circuit chips 16.

20 Preferably, a post portion 22P of the dry polyamic acid is
dispoeed'over each of the contacﬁ pads 18 of the chips 16 to

- which electrical contact is to be made during the fabrication
of the high density interconnect structure. Posts 22P may
also be provide elsewhere on the chip or on the substrate.

25 At this stage, the structure is preferably baked at 250°C to
imidize the polyamic acid layer and thereby obtain the high
thermal stability characteristic of polyimides. After
baking, the polymerized polyamic aoid is, identified by the
reference numeral 24 because of its changed ‘chemical

30 structure. Next, a thermally stable polymer dielectric fllm
27, such as KAPTON® polyimide available from E.I. DuPont de
Nemours, is laminated oﬁer the structure illustrated in
Figure 3. This may preferably be done using ULTEM® 1000
polyetherimide resin available from General Electric Company

35 as a thermoplastic adhesive 25 for the polyimide film 27.
The thermoplastic adhesive 25_for the polyimide film 27
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| nterconnect” by C W Eichelbérger et al.
" "Method to Produce Via Holes in Polyner Diel e Electronic
Gircuit Chip Packaglng" by C. W Ei chelberger, nRkD-20, 382
4,780,177, entitled "Exciner Laser Patterning of a Novel Resi st " by R J.

W] nar owski BPI@Fher comprise Phigk dens ity ontemconnedtd Heptaghrdc 27,

1988, . layer 26. This lamination is done with the KAPTON polyimide .
held taut and using a lamination temperature which does not .
adversely affect either the polyimide spacer structure or the

'5  integrated circuit chips themselves. After completidn of B
this lamination step, the laminated dielectric layer 26, is
épaced from the intégrated circuit surface by substantially
the thickness of the spacer structure, as shown in Figure 4.

Next, via holes 28 are formed in dielectric layer

10 26 in alignment with those contact pads 18 to which '
electrical contact is desired as shown in Figure 5. These
via holes are preferably formed by laser drilling. However,
other methods such as reactive ion etching (RIE) may be used.

A first patterned layer of metallization is then

15 formed on the -initial dielectric layer 26. This

' metallization may preferably be formed by sputtering an
initial or barrier layer of titanium onto the structure
illustrated in Figure 5 followed by sputtering a (thin)
copper layer, which may then be electroplated to a desired

20 thickness, after which a second titanium layer is formed on
top of the copper. This Ti/Cu/Ti metallization layer is then
patterned ﬁo leave only the conductors 32 desired in this
first metallization layer of the high density interconnect
structure as shown in Figure 6. The conductors 32 include

25 wvia portions 34 which extend down into the wvia holes 28 into
ohmjc contact with the contact pads 18 at the bottoms of the
via holes.

~ Where desired, additional iayers of dielectric and
conductors may be formed on the structure illustrated in

30 Figure 6 until all of the required connections are provided.

The height of the spacer structure should be chosen
in accordance with the sensitivity of the electronic
components.‘ A spacer structure height of greater than or
equal to about 12 microns is preferred for microwave

35 applications, since a spacer strucgure which is less than
about 6 microns thick provides little benefit in minimi;ing

~__~,—_,_,————————“ _ .
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entitled "H gh Density Interconnect Wth H gh Volunetric Efficiency" -by
" C.W :Eichel berger, et al., UK Patent Application ~ No. 9107029.2
entitled. "A High Density Interconnect- Structure |ncluding agghamggs
by R J. Wjnarowski, et al. _Eachtdf these Patents and Patent

Appl i cat i onshies eiffegtpofated highi dehyitgl éneseeonibcs htghctensidy the

L conduc SPEERCN Shalage NELRRC 0 Bhe ATl cOLSLARI MR te e

sen1conducto orm tal “syStens
of systens mw:satamgaf m@@rxcusgsuatgrteypheakey tkas abaut abdut 50

MHz, which ip§ o <L3MAN deftdbelr\ 215k S8 QRditional isolation of the
'5 electronic components from the effect of the overlyirg high
density interconnect structure dielectric materials.

The process which has been described has a
potentlal dlsadvantaqe of the adhe51ve for the first
laminated dielectric layer partially filling the gap

10 provided by the spacer structure if the adhesive is put on
too thick or flows more than anticipated. The potential for
this problem to occur can be avoided by the follewing process
variation. The spacer structure material or its precursor is
provided as a continuous layer on the substrate and the

15 <chips. Where the spacer material-iS'a‘therﬁoset material,
that material is then thermoset prior to patterning it. The
adhesive for the first laminated dielectric layer is then
sprayed or spun-on on top of that unpatterned spacer layer.
This combined Iayer is then patterned as a unit to leave it

20 - only where the spacer structure is desired. This may be done

. in several ways. A masking layer may be deposited on.- the
combined spacer/adhesive layer and patterned with photoresist.
-or other techniques to leave it only on the spacer structure.
Thereafter, the structure is etched to remove the exposed

25 'portions of the spacer/adhesive layer. With a silicon

" nitpide mask this may be done with reactive ion etching.
With:a reflective metal mask this may be done using an
excimer laser to ablate the spacer/a&hesive 1ayef. The

_ masking layer may then be removed. Alternatively, it can be

30 .done using a scanned focused_iaser beam to ablate the
unneeded portions. At the end of this process, after
appropriate clean-up if needed, the first laminated
dielectric layer is laminated on top of the spacer structure
using the retained adhesive as it bonding agent. This is

35 preferably done without any adhesive being disposed on the
laminated film prior to its lamination. However, adhesive
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| i ne, other wave inpedance matchi ng and di
needed to be ‘consi-dered. The interconnection
sevices intended to operate at Gz fgequencies r oBPef®, 382 .
consi derations and chall enges not faced in the interconnection of digital

systens whi chagpalaPebgt Preeidedcpasthef lambrated Hehl w0 aighough Ghat of

mcrovwave freduenales BRELESStEONSLESHSLT 6F PfoVBYEnE hRHAGEBRdsIeCHDn .
transm ssi on line - effects, mterial properties at m crowave
frequenci es, *PReSBREEENEETBFtBXBosed delicate structures on MM Cs and ot her

conponents and SYSteﬁlawdprocessing in the manner just described, the
S5 layer of spacer structure material (polyimide) is present G
everywhere -on the top of the substraté as a uniform layer,
unless the pélyamic acid is patterned in that area to pro#ide
air gaps over conductor runs on the substrate surface. Where
no such patterned spacer structure is desired on the main

10 surface of the sﬁbstfate, the spacer structure polyimide may
"be omitted there by proViding a chip-holding cavity 14 which
is.deeper by the height of.the posts and removing the

~ polyamic acid from the entire upper surface of the substrate
to leave it only on the chips in a patterned manner. This

15 would result in the laminated film 27 being planar and
direétly laminated to the upper surface of the substrate.

- As an alternative to the individual posts 24P
illustrated in Figure 3, the spaéer“strdcture may have the
ridge cqnfiguration‘illustrated in Figure 7. 1In Figure 7,

20 rather than the integrated circuit chip 116 having isolated
posts disposed on top of its contact pads 118 in the manner
shown in Figure 3, a continuous ridge 124R of polymer
dielectric material is provided on the upper surface of the
chip 116 along the periphery of the chip. This ridge 124R

25 may overlie the contact pads 118 of the integrated circuit
chip as shown in Figure 7 or a ridge 124R' may be disposed
outside the contact pads 118 as shown in Figure 8, with
individual posts 124P disposed over;the individual contact
pads 118. The Figure 8 configuration is preferred since the

30 higher dielectric constant between the contact pads in Figure
7_as compared. to Figure 8 increaseé capacitive coupling and
.loading thereby éffecting the operating characteristics of
the system. ~ As illustrated, additional isolated posts 124P
may also be provided in either of these embodiments to help

35 suspend the laminated dielectric layer across large,

'otherWise unsupported, expanses.or'to provide a portion of

-
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conponent characteristics which do not exist. at the |ower operating

f r équénci es
t he - ‘questi on
at .m.crowave
| ower frequen
frequenci es.
frequenci es,

of such digital systens. °~ These considerations I ncl ude

of whet her the dielectric materials are suitable for use

frequencies, since materials which are good dielectrics at
cies can be quite | ossy or even conductive at m crowave

Further, even if the dielectric is not |ossy at m crowave

its dielectric

i6 RD-20, 382

v
the spacer structure over isolated contact pads or for

" other reasons. In a modified version of the Figure 3

configuration, individual projections may be provided on

the ridge 124R to extend over individual contact pads.

rather than providing individual isolated posts. In
flexible high density interconnection strhetures from
which the substrate is removed after fabrication is
complete as taught in U.S. Patent No. 5,109,946, entitled
"High bensity' Interconnect With High Volumetric

"Efficiency" and European Patent Application No. 0,450,950,

entitled "A Flexible High Density Interconnect Structure
and Flexibly Interconnected System", listed above, this
ridge spacer structure of Figures 7 and 8 is -advantageous
because in combination with the laminated initial

dielectric layer, it seals the edges of the ehip's upper -

surface. _
| In Figure 9, a further alternative embodiment
for a dielectric spacer structure 220 is illustrated in
which a raised ridge 224R serves as the spacer and the
contact pads 218 extend up'onte the ridge 224R. In this
coniguration, the spacer structure itself may be a glass
or other suitable dielectric laver which may be provided
during the fabrication of the integrated circuit chip
prior to deposition of the metal of the contact pads which
preferably extend up onto the top of the spacer structure.
In this manner, the chip, with its spacer sttucture 224R
thereon, is disposed in a cavity of appropriate depth to
place the upper surface of the spacer structure in
substantially the same plane as the plateau portion of the

‘upper surface of the substrate 212. The first dielectric

layer 226 of the interconnectiqn structure may be
laminated directly across the substrate and the chip and

-
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6 constant itself may be high enough to unacceptably nodify the operating
" characteristics of MM Cs, GaAs transistors and other m crowave conponents
er structures which n1ght be interconnected using a high density
i nterconnect structure. Where chips are closely packed for maxi num density;
this essentially linmits the  high density interconnect structure to
“"the routing of conductors in the streets and avenues portion.of the .
structure which extends fromthe contact pads of one Chlp to the contact""“
pads of : :

17 - RD—20,382-

% i
wili remain spaced from the overlay sensitive portions of
.the chip surface becanse of the ridge 224R of the spacer
structure. If aesired during the fabrication of the
1ntegrated circuit in this embodiment posts 224P may be
provided in the inner portion of the chip in addition to
the ridge around the periphery. 1In this structure,
connection is made between the first layer of
metallization of the high density intercomnect structure
and the contact pads in a manner which is similar to that
used where a high density interconnect structure does not
include a spacer structure in that the via hole through
the 1n1t1a1 dielectric 1ayer to the contact pads extends
only through that initial dielectric layer.

. In some structures, it may be fcund desirable to
include spacer structures between the individual
metallization layers within the high density interconnect
structure itself in order to minimize the dielectric
constant seen by conductor runs within the high density
interconnect structure itself. Such a structure is
illustrated .in cross-section in Figure 10. In -that
structure, a spacer structure 344 is formed on top of the
conductors 332 of the first metallization layer of the
high density interconﬁect structure 300 prior to
1am1nat1ng a second dielectric layer 346 over that second
spacer structure. Following that second lamination, via
holes 348 are drilled in the second laminated dielectric
layer 346 and through the second spacer structure 344 'to
the first metallization layer 332 in those locations where
electrical contact between the  first and second
metallization layers is desired. The second metal layer
is then deposited on the second dielectric 1layer and
patterned in a manner such as has been described in the

Thls Sheet Has Been Replaced

W llll

THIS SHEET HAS BEEN
REPLACED




't he- adj acent chip. For systenms in which relatively |ow interconnection

density is required, this limtation can be accommbdated w t hout serious
knpagt on the system structure or operation. However, where a high

- density of interconnect conductors is required, such a restriction can make
a system unroutabl e or require-excessive nunbers of |ayers of interconnect
conductors or can require that the chips to be spaced further apart than
woul d ot herwi se be necessary, just for the purpose of w dening the streets-"
and avenues to accommodate the required quantity of interconnect

conduct ar s. 18 - ' RD-20, 382
o . v o =
related patents and applications to provide ccnductdrs
352. _

_ Where an air gap structure is desired within'the
high density interconnect structure itself, as shown in
Figure 10, it is considered desirable to use progressively
lower Ty adhesive layers for each successive lamination in
order to ensure that previous laminations are not
disturbed dJduring subsequent lamination steps. Suitable
adhesives and a further description of the appropriate
technlques are contained in the related European Patent
Application No. 91305960.5. One potential advantage of
this, structure is an ebility to provide a partially air
dielectric for microwave transmission lines formed within
the high density interconnect structure. An air
dielectric can be provided by employing a metallized
KAPTON film in combination with' provision of the
lamination adhesive only on the already existing high
density interconnect structure and laminating that

. metallized KAPTON with its metallized side toward that
high density interconmnect structure. Pre-patterning of
the metallization on the KAPTON being desirable where
coﬁtact needs to be made from above the metallized KAPTON
to below that metallized KAPTON layer. |

in the procedure described in- connection w1th
Figures 2-6, the initial via holes are drilled through
both the first laminated dielectric layer 26 and the
spacer structure posts 24.. An alternative, but not
preferred approach ' is to form via holes in the 'spacer
structure prior to the lamination of the first dielectric
layer 26 thereover. These via'holes would be - disposed
over each contact pad to which electrical contact is to be
made. The structure would' then have a  patterned

-
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Digital systens which are designed with very small features and/or which

" are designed to operate at frequencies in the GHz range can be sensitive to
the presence of a dielectric |ayer thereover, even when they are not in the
cl assic sense, mcrowave circuits in that they do not enploy

transm ssion |ines and anal og t echni ques. I n such very high
frequency digital systens, there is-a need for a high density of

i nterconnections which is simlar to that need in such systenms which
operate in the 50 Mz and | ess frequency range. Renoving the dielectric
~layer over the center of the chips severell - RD-20,382

) i
metallization formed thereon in which the metal pattern
extends into each of the via holes in ohmic contact with
the underlying contact paid and provides an appropriate
surface on top of the spacer structure for contact by
subsequent 'metallization layers. This patte:ned :metal'
layer would preferably be fprmed by selective deposition
in order to minimize risks to the portions of the
electronic components or chips which ére not covered by
the spacer structure 24. The first dielectric laier 26
wounld then be laminated over this metallized spacer
structure ‘and via holes would be drilled in that
dielectric layer in élignment'wifh_the spacer structure
metallizatioﬁ in a manner similar to that described above
in connection with Figures 5 and 6. .

As an alternétive to the use of_polyamic acid as
a precursor of the spacer structure, a thermoplastic may
be employed as the spacer structure. This has several
. advantages. First, the thermoplastic spacer structure may
be removed during repair of a high density interconnect
structure in a manner Simila; to that in which the = high
degsity interconnect structure itself is removed for
repair as described in the background patents and
applications. Second, if the thermoplastic is itself
laminated to the substrate 12 and the chip 16 at a
temperature ,in the vicinity of its own Tg, then the high
temperature exposure of the polyamic acid process may be
avoided. |
As an altermative approach to forming the spacer
structure, a silicon nitride mask  may p;eferablf' be
evaporated on top of either thermoplastic or thermoset
polymeric spacer 1ayérs and patterned wusing photoresist
and a silicon nitride etchant such as RIE (reactive ion

-
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7 restricts the available routing area. Related U K. Application No.
'9107029.2 entitled, "A H gh Density Interconnect Structure Including
a Chanber" places overlay-sensitive chips in deep enough cavities that
t heir upper surfaces are spaced bel ow the upper .substrate surface,

| aim nat es

t he

chi ps

20 | - RD-20, 382

the initial hi gh density interconnect dielectric layer to _
and . : :

\. i

etching) with CF4. Thereafter, the underlying polymeric
dielectric layer may be patterned by reactive ion etching
in a O, atmosphere. Reactive ion 'etching in this
atmosphere has substantially no effect on the silicon
nitride layer with the result that a spacer structure of
substantially any useful height may be pattérned'in this
manner. The photoresist may be removed from the retained
portions of the silicon nitride layer prior to reactive
ion etching or may be left in place during that etching,
in which case, the reactive ion etching also removes that
photoresist material at the same time as it removes the
unprotected underlying portions of the polymeric material

of the spacer structure. Following completion of the

patterning of the spacer structure, the silicon nitride
mask is preferably removed from the top of. the spacer
structure using a CF4, RIE etch. RIE is a relatively
slow process for removing organic materials of this type.
Consegquently, it may be considered preferable to provide a
metal mask rather than a silicon nitride mask and to use
an excimer laser to ablate any unprotected portions of the
spacer structure material .to provide the desired spacer

configuration. After completion of this patterning step,

the metal mask is removed and the process proceeds as has
been described.

As a further alternative, where the spacer
structure quprises individual posf disposed' over
individqal contact padé, the spacer structure maf be.
formed of conductive material such as a metal. This may
be done by masklng the structure to restrict metal '
deposxt1on to the contact pads and then electroplating
addltlcnal metal on the contact pads in the manner taught

" in U.S. Patent No. 4,988,412, "Selective Electrolytic

-
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. Substrate in a manner which causes that dielectric |ayer to "sag" down onto
~the recessed surfaces of these chips. Metallization disposed on that first
di electric |ayer contacts each of the recessed contact pads and extends up
the slope of the "sag" onto the. planar position of that initial dielectric

| ayer. That initial dielectric layer is then removed fromthe
overl ay-sensitive portions of the chips. A second, taut dielectric Iayer
is then | am nated across the entire structure. . This second

direl ectric layer i's spaced fromthe overl gy-sensitive portion_of
recessed chips by the depth to mhich.the_gﬁps of those %D"ZO'@%Z

_ \ =
Deposition on Conductive and Non-Conductive Substrates”,
and European Patent Application No. 0436282, "Area-
Selective Metallization Process". In this manner, a
spacer structure comprised of individual metallic posts
may be formed with a desired thickness. It will be noted
that this spacer structure can be formed on the infegrated
circuit chips prior to attachment of those chips to the

i '~ substrate. With this spacer structure in place, the first
dielectric layer 26 is laminated to the structure and the
posts of the spacer structure. Via holes are then

drilied in the first dlelectrlc layer to expose a portion
of the upper surface  of each of the posts to which
electrical contact by the high density interconnect
structure is desired. A first metallization layer is-
then formed on the first dielectric layer and patterned to'
provide the conductors desired in that layer.
| If it is necessary to disassemble this structure
to rework or :epair'it, the posts of the spacer structure
can be removed with an appropriate solvent if they are
~ thermoplastic. Thermoplastic and thermoset posts and any
adhesive layers can be removed with RIE, plasma etching or
byJ excimer or other laser ablation as may be ‘considered
preferable. - :
While the description has been in terms ef
polyimide and polyetherimide materials, low dielectric
constant materials such as Teflon may be used.
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_chips are recessed. A normal high densit'_
metablization layer is then formed on this
cont:act t 0o the recessed contact padssbeing.

Emgtructure
| aver with

initial metallization which are di sposed: ovéf ) _,im | pLrate.
Wi le this &deidfhdates the need, it is nore cun : abri cat e

t han nor nal

hi gh density interconnect structures and is not dlrectly

applicable to flexible hlg de Slt I nt er.connect structurss whi ch are o e’

separated fromtheir fabritatfoht r??%ﬁlR%L&% FrgPynect s
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ructure of t
type comprising an electronic component having contact pads
on a first surface thereof, an interconnection'strucﬂure
thereover including a first laysr of polymer dielectric
material.disposed over said electronic  component, said layer
of polymer dielectric material having.apertures therein
disposed in alignpent with at least selected ones of said
contact péds, a first patterned conductive layer.oveflying

said first dielectric layer and extending into said apertures

. into ohmic contact with said selected ones of said contact

pads, the lmprovement compr131ng
a spacer structure dlsposed on said electronlc
componené, and _
said first layer of polymer dieléctric mateiial
being bondéd to said spacer stfucture and soaced from the
surface of said electronic component by said spacer
structure. ' . |
2. The improvement recited in claim 1 ‘wherein:
said spacer structure comprises a polymer
dlelectrlc, and
said surface .of said electronic component is
substantlally free of polymer dlelectrlc material except for
said spacer structure. '
s 3. The hlgh-dénsity interconnect structure recited
in claim 1 wherein:
_ said spacer structure comprlses an elongated rldge
of dielectric material. '

4. The high density interconnect structure rec1ted

in claim 3 wherein:

said ridge 1s continuous, closed on itself and
surrounds a portion of said flrst surface of said electronlc
component . '

. S. The high density interconnect structure recited
in claim-4 wherein: |

* [+ L M s * :
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Mh'Ch acconno% %?%nEhgtoﬁ% s%ysome of said contact pads are disposed

rﬁﬂg &aps taught in related,.

9, 946 entitled "ng
ency", and 8 U K, Paten
Density Interconnect %ﬁructu
there is aamcélfmmﬁmgkaﬂm@y icolnpeieaseat sehidchdi€tor

along the periphery of said first surface of sald
semiconductor chip} and ' .

said ridge constitutes a wall around the ﬁ%riphery
of said chip.

6. The high den51ty lnterconnect structure recited
in claim 5 wherein:

those contact pads which are disposed in electrical
contact with a conductor of said interconnection structure
are referred to as a connected contact pads; and

said connected contact pads have dielectric
material of said ridge disposed thereon. '

7. The high density interconnect structure rec1ted
in claim 1 wherein: _

said spacer structure comprises a plurality of
spaced apart posts. o \

8. The high density interconnect structure recited
in ¢laim 7 wherein: "

each contact'pa¢ which is disposed in electrical

‘contact with a conductor of said interconnection structure
has a post disposed thereon and is referred to as a connected

contact pad. _ |
9. The improvement recited in claim 8 wherein:
said posts comprise a polymer; |
s each of said posts disposed on one of said

' . connected contact pads has a via hole therein in which a

ent ji|iHl ,

Accordi ngly,
5 -
5
S

conductor of said interconnection structure extends into
electrical contact with the contact pad diéposed thereunder.
i 10. The improvement recited in claim 7 wherein::
said posts comprise a metal.
11. The improvement recited in claim 10 wherein:
said posts are metallic. ' |
12. The improvement recited in claim 7 wherein:
said posts éomprisé a polymér.

. 13. The improvement recited in'claim 12 wherein:

" c L M S * .
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SEﬁ%IShéeyﬁis)BeﬁfRWQ conponents without sacri ity

- nsity I nt erconnect structur able to
.sub density interconne@4 structur reRgah ofed S
o t e .standard fabrication process. Accordingly, a primary

Obj ect of t he pr esent isaédtpoatb.scbmppisdidethehhgﬂalaiensd:ttyatierﬁie:rlconnect

structure having an aifgi el S6Lr Lo dL3RABRA PROYECRVEL! &YaPETS LG oo

portions ~of integrate ci rcui conponents. Ano 0 Ject""
of- the present inventiosaid thermoplastic material is a polyetherlmlde

15. The improvement recited in claim 12 wherein:
said posts comprise a thermoset,material.‘
16. The' improvement recited in claim 15 wherein:
said thermoset material is polyimide.
17. The improvement recited in claim 1 wherein:
said first layer of polymer dielectric material is
'spaced from the surface of said electronic component by
substantially the-height of said spacer structure. .
' | 18. In a high density interconnect structure of
the type comprising an electronic component having contact
pads on a first surface thereof, an interconnection structure
thereover including a first layer of polymer dielectric
5 material_disposed over Said electronic component, said iayer
of polymer dielectric materia; having apertures therein
disposed in alignment with at least first selected ones of
said contact pads, a first patterned conductive layer
overlying said first dielectric layer and extending into said
10 - apertures into ohmic contact with said selected ones of said
contact pads, a second layer of polymer dielectric material
disposed over said first layer of dielectric material, said
second layer of polymer dielectric material having apertures
therein disposed in alignment with sécond selected ones of
15 "said contaét pads and/or selected portions of said first
-patterned conductive layer, a second patterned conductive
layer overlying said second dielectric layer and extending
into said apeftures into ohmic contact with said second
selected ones of said contact pads and/or selected portions
20 of said first patterned conductive layer, the improvement
comprising: _ : * _
a spacer strﬁcturé disposed on said first layer of
.dielectric material;-and . _
said second layer of polymer dielectric material
25 being bonded to said spacer structﬁre and spaced from the

__________——’-—‘—-'_:
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19. The improvement recited in claim 18 wherein
said improvement further coﬁprises:
a further spacer structure disposed on said =
"electronic component; and ' ' _ .
5 said first layer of polymer dielectric material is
| bonded to said spacer structure and spaced from the surface
of said electronic componént elsewhere by substantially the
height of said spacer structure.
20. In a high density interconnect structure of
the type comprising an electronic component havihg contact
péds thereon, one or more polymer dielectric material layers
disposed thereover and having apertures therein, one or more
5 ﬁatterned conductive layers overlying selected ones of said
dielectric layers and extending into selected ones of said
" apertures into ohmic contact with selected contact pads or
.other conductive layers; the improvement comprising:
a plurality of posts disposed on said electronic
10 " component, each contact pad which is disposed in electrical
contact with a conductor of said patterned conductive layers
having_a post disposed thereén and being referred to as a
conneCted'contact.pad;-and
the one of said polymer dielectric material layers
15 disposed nearest said electronic component being bonded to
saig posts and spaced from the surface of said electronic
component elsewhere by substantially:the height of said
posts. '
21. The improvement recited in claim 20 wherein:
said posts comprise a polymer; _
each of said posts which is disposed on one of said
connected contact pads having.a via hole therein thrbugh
S5 which a conductor of one of said conductor layers extends
into electrical contact with the'contact pad disposed
thereunder. )

22. The improvement recited in claim 20 wherein:

T




provi de a rocess for providing an air gap i nect

sﬂh@§b dol ves only a single lam nati t he
Inv e and other objects yhich wi}l rbom, Bhe
spe whol e, including the drawi ngs, are acconplished in

accordance W th the pr esdrt postenidompriigepuowedang a spacer structure on

integrated circuits an :ngﬁ%h qﬁgyyagﬁ%n E%El@ § P¥eL ?xmsggs ﬁéve The;w

initial dielectric |ayer ity It erconnect Stfucture e’ -
| ami nated to this spaceaigt rngxﬁttwre:ommmlse_t rapolymer.

'24. In a method of fabricating an electronic

system of the type including providing a plurality o¥
electronic components each including contact pads, a forminé
.a high density-intercoanect structure bonded to said _

5 components by disposing a layer of dielectric material over
-said components, providing via holes in said layer of
dielectric material and forming a pattern of conductors on
said layer of dielectric material in which the.conductors of
said pattern extending into said via-:holes to electrically

10 connect to sald contact pads of said electronic components,
 the improvement compr151ng

forming a spacer structure on said electronic
components prior to disposing said layer of dielectric
material over said components, said spacer structure

15 fcomprisinq a patterned raised structure having gaps therein;
and _ _ . | , |
_ bonding said layer of dielectric material to said
spacer structure in a manner in which said layer of
dielectric material bridges said gaps in said spacer

20 structure to provide a non-solid dielectric adjacent said
electronic components in the regions of -said gaps.

25. The improvement recited in claim 24 wherein
theastep of forming said spacer structure comprises: '

_ depositing a dielectric material on said electronlc
components; and .

5 - patterning said dielectric material.

26. The improvement recited in claim 25 wherein
said spacer structure is a thermoset material and said
improvemeht further comprises the step of:

treating said dielectric material to render it

5 insoluble. _ - .

27. The improvement recited in claim 26 further
comprising the step of: |

* 4 L L S *




dielectric layer being spaced fromthe surf
"by substantially the thickness of the space
spacer gtructure is laterally displaceg from
the el ectronic conponent(s). Contact pads which are connected to conductors

of- the high density inpepryddiegt astayeruct adkesivermatetimhorcomiected , .
cont act pads f fer, t he spacer

structure di E%S%E?ﬁeﬁgﬁrgﬁﬂgﬁggt rﬁﬁ%eercqﬁqngzﬁqgﬁq%ré‘gg%gy be forrned”
i.n an over| ypagesietecePdc layer in alignnent with the contact pads, with

the vias extending intgagliephttezhifgns8ep Phtberns both said adhesive
_ N -

and said thermoset materials. _
28. The improvement recited in claim 25 wherein:
said deposited dielectric material is a
thermoplastic material and said improvement furfher comprises
the step of: ' _ ' «

5 providing a layer of adhesive material on said
deposited thermoplastic dielectric material prior to
pattefning said deposited thermoplastic dielectric material;
and ' ,

said patterning step patterns both said adhesive
10 and said deposited thermopiastic dielectric materials.
29, A semiconductdr chip comprising:
a body of semiconductor materiallhaving a major
surface; | _
a plurality of contact pads disposed on said major
‘ 5 surface of said body;
a patterned spacer structure disposed on said major
surface of said bodj and said at least selected ones of said -
contact pads, said spacer structﬁre including raised portion

and a gap. . .
| 30. The semiconductor chip recited in claim 29

wherein:
| _ said spacer structure is a polymer dielectric
material.

31. The semiconductor chip recited in claim 29
wherein: o

said spacer structure is conductlve.

32. a semlconductor chip comprlslng

a body of semiconductor material having a major
surface;

___’___________d___.'__-—.
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t he contact pads and having solid, unint
- subseqyent deposition of the netal of the hi
stryctlre in those vias to connect t he2&ont adh® ' ondu&Pr¢8. Béas
in the high density interconnect structure itself. \here the spacer '

structure i s non-conduc iRAELQINESE SRALSToISES WHAHTEr JiPPOsefefl TRt UBMIThe .
entire thgcknaafafe idfe sapdcbbdyt auat ineludiaki gngeibted pbrriodGnd a

. gap; _
a plurality of contact pads disposed on said raised
portion of said spacer structure whereby, said contakt pads
are spaced above said majorﬁsurface of said body.
33.° The semiconductor chip recited in claim 32

wherein: '
| said spacer structure is an inorganic dielectric
material. '
' 34. The semiconductor chip recited in claim 32
wherein:
said spacer structure is an polymer dielectric
material.
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connect ed contacted pads in order to electri.call t he hi gh
" densj ty i nterconnect structure. Were the ductive

W t h, gach contact pad having an- electzlcally ogggzo'%sz_

t hereon; the via holes extend through“only th c layer'to

expose part of the upper surface of the conductlve posts I n accordance

with one preferred enbod sed on the o
el ectronic conponents anéfggﬁne8g§§?§g§§3 ﬁ@£¢1U§§&w§§3¥§n5|t.ve S

portions uncovered. The INGIH [ @enprises the
spacer structure. This spacer structure dlelectrlc
. V -
Abstract of the Disclosure
5 - A high frequency electronic component which is

‘interconnected with other components through a high density
interconnect structure sees only an air dielectric constant'
in the hiéh density interconnect structﬁre because a spacer
structure disposed on the electronic component. spaces the

10 dielectric of the high density interconnect structure from
the surface of the electronic component by a sufficient
distance that the higher dielectric constant of the polymer
dielectric layers of the high'density intercpnnecﬁ structure
only minimally affects the operating characteristics of the

15 electronic components. h '
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material is preferably sprayed or spun-on, but may be |aminated i f desired
A first high density interconnect structure dielectric layer is then

I'am-nat ed .to the spacer structure with a thermeptastic adhesive. That first
dielectric layer is held suff|C|entIy t aut durln lggdlan1nat|on process
that after conpletion of the Ian1natﬂbns emai'ns spaced fromthe
overlay sensitive portions of the elec nts by substantially

e height of the spacer structure. ure may conprise a . .-=
&rallty of spaced apart posts or.'a cont| nuous T dge such as an annul ar

FIG. 1

REPLACED

THI5 SHEET HAS BEEN




polymer dielectric wall extending along the periphery of a chip. Such a

wal'l or ridge may .include separate posts or. projecting portions which

extend out over contact pads which would not otherw se be covered by the

dielectric wall. Brief Description of the Drawi ngs The subject matter which-

Is regarded as the invention is particularly pointed out and distinctly
clainmed in the concluding portion of the specification.: The invention,

" h ver, both as to organization and nethod of practice, together with . --=--

f her objects and advantages thereof, may best be understood by reference

to the foll-ow ng '

\ .

FIG. 2
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descrlptlon t aken- in connection with the acconpanyi ng draw ngs in which:
Figufe 1 is a perspective illustration of two integrated circuit chips
Bonded td a high density interconnect structure.substrate ready for the
fabrication of the overlying high density interconnect structure; Figures
2-6 illustrate sequential stages in the fabrlcatlon of- a high density
|nterconnect structure on the

. —
. -

FIG. 3

®. //
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substrate and chips of Figure 1; Figures 7 and 8 illustrate alternative
configurations for the spacer structure illustrated in Figure 3; Figure 9
illustrates a further alternative configuration for the spacer structure
and the contact pads on the integrated circuit chip; Figure 10 is a
perspective cross-section view of a nultilayer high density .interconnect
structure having air gaps within the high density interconnect structure.

%ai | ed Description _ : _ ies

FIG. 4
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Figure 1 is a perspective partially cut away view of a high density

i nterfconnect structure substrate 12 having a cavity 14 in which a plurality

of i'ntegfated circuit chips 16 are disposed. Two of these chips are

illustrated in the figure. Chips 16 have contact pads 18 di sposed on their

upper surface. In this structure, the integrated circuit chips 16 have been

bonded to the bottom.of the cavity 14 by a thernoplastic adhesive 15 which""
preferably be a pol yetherinm de such as ULTEM err] 6000 pol yet heri m dé--=--
in avail able from General Electric Conpany and the structure is ready

for fabrication of a high density interconnect " '

\ =,

FIG. 5
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structure thereon. The fabrication of this high density interconnect
struCture begins with the fabrication of a spacer structure. |In accordance
Wit h one" enbodi nent of the invention, a first step in the process of

form ng the spacer structure conprises depositing a uniformlayer of
polyam c acid on top of both the integrated circuit chips 16 and the
exposed surface of 12 '

FIG. 6
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the substrate 12. This structure i's then baked at 100[err]C for one half
hodr to renmove the solvent in the polyamic acid polymer to | eave a | ayer 22
of ‘dry polyamic acid. Next, a |ayer 23 of photoresist is deposited on top
of .the dried polyam c acid |ayer 22. The structure at the end of this step
Is illustrated in Figure 2. Next, the photoresist 23 is exposed using a
masked |ight source or a laser to |leave a structure in which the .
toresist is insoluble in its devel oper only on those portions of the ="
ed pol yam.c acid which are coinci dent mnth t he cation of the
spacer structure The

FIG. 7
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photore5|st I's then devel oped in the normal fashion with a dilute basic
deVeroper Thi's- devel opnent renoves the sol uble portions of the photoresi st
. and 't he polyan1c acid thereunder. Thereafter, the remaining photoresist is
‘renroved in a normal fashion with an organic solvent, |eaving the structure
illustrated in Figure 3 in which the polyamc acid 22 is present on the
entire upper surface of the substrate 12 and in |ocalized places on the
integrated circuit chips 16. Preferably, a post portion 22P of the dry

am c acid is disposed over each of the contact pads 18 of the chips 16
whi ch electrical contact is to be nmade durlng th

FIG. 8
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of t'he high density interconnect structure. Posts 22P may al so be provide
el seihere on the chip or on the substrate. At this stage, the structure is
préferably baked at 250[err]C to imdize the polyanic acid | ayer and

t hereby obtain the high thernmal stability characteristic of polyimdes.
After baking, the polynerized polyamc acid is identified by the reference
nunmeral 24 because of its changed chem cal stru Next, a thermally
stabl-e polynmer dielectric film27, such as KAP ' '
f E.l. DuPont de Nenmpurs, is |lamnated over th
FMJure 3. This may preferably be done using ULTEM

FIG. 9
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_pol yet herim de resin avai I abl e from General El ectric Conmpany as a

therrmplas{—l—e—ﬁdhvsr’_’ZS’TFr t he polylmdef | astic
Adhesi ve Let ih\EReRORSplabAdde fil m 27 13 t

density in ctric layer 26." This | |
KAPTON pol vyi m m\ ‘L and using a | am nation h does
not adversel r the polyimde spacer structure or the .
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lntegrated “¢ifcuiT chips thensel ves. After conpl etion of this lam nation
step the lam nated dielectric layer 26 is spaced fromth
circuit -surface by substantially the thickness of the spa eRE@ﬂé
shown in Figure 4. Next, via holes 28 are fornmed in diel eg¢t
alignment with those cont act pads 18 to which el ectrical
as shown in Figure 5. These via holes are preferably for
drilling. However, other nethods such aslreactive ion etc
used. A first patterned |ayer of nmetallization is then for
initial dielectric layer 26. This

A HIGH DENSITY INTERCONNECT STRUCTURE
INCLUDING A SPACER STRUCTURE AND A GAP

The present invention relates to the  field of
high density interconnected circuits, and more
particularly, to high freguency high density
interconnected circuits.

Microwave systems are often composed of
monolithic microwave integrated circuits (MMICs), other
active microwave devices such as gallium arsenide (GahAs)
transistors, passive microwave components and other non-
microwave components such as logic and control structures.
' A monolithic microwave integrated circuit or
MMIC is an integrated circuit which is designed to operate
at microwave frequencies. MMICs are normally fabricated
in GaAs because of the much higher potential operating
frequency which GaAs provides as compared to silicon. A
typical MMIC may include one or more amplifiers, some
passive components and one Or more feedback 1loops which
provide feedback from the output of an amplifier or
circuit back to its input to establish a desired transfer
function for that circuit. | '

It is known in the art to fabricate microwave
systems from a variety of such components by providing a
ceramic substrate having .micrbstrip RF¥F circuitrxy, DC

_supply lines (conductors), logic lines, control lines and
contact pads fabricated thereon and by attaching devices
and components such as MMICs, GaAs transistors, other
microwave and supporting components to the substrate and
connecting them to the circuitry_on the substrate using
wire bonds or tab interconnectioms.




netalllzatlon may preferably be formed by sputtering an ini
sl ayer of titaniumonto the structure illustrated in Fig rsaﬂ_
sput.tering a (thin) copper |ayer, which may then be el edt

toa

desired thickness, after which a second titaniumlayer ils fohgggﬁonpe p iof

t he copper.
only the conductors 32 desired in this first netallizati

hi gh density interconnect structure as shown in Figure 61 The conduct
i nclude via portions 34 which extend down into the via h

This Ti/Cu/Ti metallization |layer is then pagt to | eave

contact with the contact pads 18 at the bgttons of the

Such fabrication technigues have a number of
disadvantages which are discussed more fully in the
related application GB No. 91,070,029.2 (filed April 4,
1991), entitled "A High Density Interconnect Structure
Including a Chamber".

A high density interconnect (HDI) structure or
system which has been developed by General Electric
Company offers many advantages in the compact assembly of
digital and other electronic systems. For example, an
electronic system such as a microcomputer which
incorporates between 30 and 50 chips can be fully
assembled and interconnected on a single substrate which
is 2 inches long by 2 inches wide by .050 inch thick.
The mazimum operating <£requency of such systems is
normally, at present, less than about 50 MH=z. Even more
important than +the compactness of this high density
interconnect structure is the fact that it can be
disassembled for repair or replacement of a faulty
component and then reassembled without significant risk to
thg good components incorporated within the syétem. This
reworkability or repairability is a substantial advance
over prior connection systems in Wthh reworking the
system to replace damaged components ‘was either 1mposs1b1e
or involved substantial risk to the good components.

Briefly, in this higﬁx density interconnect
structure,a ceramic substrate such as alumina which may be
100 mils thick and of appropriate size and strength for the

fhto ohm c



via hol es. Where desired, additional |ayers of dielectric £
‘may be forned on the structure illustrated in Figure 6 unt|IRE§L$6g$¢%Tﬁ§ﬁ“ET
requi red connections are provided. The hei ght of the space ructure
shoul d be chosen in accordance with the sensitivity of theje|eg?gnic1996
"conponents. A spacer structure height of greater than or eual to about 12
mcrons is preferred for microwave applicaBions, since a spa

which is | ess than about 6 microns thick provides little bgnefit
mni nizing overall system, is provided. This size is typi

. than 2 inches square, but may be made larger or smaller.

Once the position of the various chips has been specified,

in

individual cavities or one large cavity having appropriate
depth at the intended locations of differing chips, is
prepared. This may be done by starting with a bare substrate
having a uniform thickness and the desired size.
Conventional, ultrasonic or laser 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 nearly edgeéto—edge, a single large cavity is
satisfactory. That large cavity may typically have 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
may be made respectively deeper or shallower to plaee the
upper surface of'the corresponding component in substantially
the same plane as the upper surface of the rest of the
components and the portion of the substrate which surrounds
the cavity. The bottom of the cavity is then provided with a
thermoplastic adhesive layer which may preferably be
polyetherimide resin available under the trade name ULTEM®
6000 from the General Electric Company. The various
components are then placed in their desired locations within
'theﬂcavity} the entire structure is heated to about 300°C
whigh is above the.softening"pbint'of the ULTEM®
polyetherimide (which is in the vicinity of 235°C) and then
mcooled to thermoplastically bond ‘the individual components to
the substrate. Thereafter, a polyimide £film which may be
Kaptom® polyimide, available from E.I. du Pont de Nemours
is pretreated to promote adhesion by reactive ion etching
(RIE), the substrate and chips are then coated with ULTEM®
1000 polyetherimide resin or another thermoplastic and the
Kapton film is laminated across the top of the chips, any
other components and the substrate with the ULTEM® resin
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14 the effect of the high density interconnect structure %n?fﬁé”ﬁﬁérating \
*characteristics of the high frequency el ectronic conponent:s aqg§@¥§£awg5 \ 1
structure thicker than about 25 m crons provides very littil g additional '

i solation of the electronic conponents fromthe effect of jthe- '

hi gh density interconnect structure dielectric materials. {The process which

has been descri bed has a potential disadvamtage of the adhesrve Tor the
first

serving as a thermoplastic adhesive to hold the Kapton® in
place. Thereafter, via holes are provided (preferably by
laser drilling) in the Kapton® and ULTEM® layers in alignment
with the contact pads on the electronic components to which

it is desired to make contact. A metallization laye'r which .
is deposited over the Kapton® layer extends into the via
holes and makes electrical contact to the contact pads'
disposed thereunder. This metallization layer may be
patterned to form individual conductors during the process of
depositing it or may be deposited as a continuous layer and
then patterned using photoresist and etching. The
photoresist is preferably exposed using a laser to provide an
accurately aligned conductor pattern at the end of the
process. Alternatively, exposure through a mask may be used.

Additional dielectric and metallization layers are
provided as required in order to provide all of the desired
electrical connections among the chips.  Any misposition of
the individual electronic components and their contact pads
is compensated for by an adaptive laser lithography system
which is the subject of some of the U.S. Patents and Patent
Applications which are listed hereinafter.

This high density‘interconneét structure, methods
of fabricating it and tools for fabricating it are disclosed
in U.S. Patent 4,783,695, entitled “Multichip Integrated
Circuit Packaging Configuration and Method"™ by C.W.
Eichelberger, et al.; U.S. Patent 4,835,704, entitled
“Adaptive Lithography System to Provide High Density
Intercbnnect" by C.W. Eichelberger, et al.; U.S. Patent
4,714,516, entitled "Method to Produce Via Holes in Polymer
Dielectrics for Multiple Electronic Circuit Chip Packaging"
by C.W. Eichelberger, et al.; U.S. Patent 4,780,177, entitled
"Excimer Laser Patterninhg of a Novel Resist” by R.J.
Wojnarowski et al.; ~
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Ianinated dielectric layer partially filling the gap proy%dqg%®¥”;
*spacer structure if the adhesive is put on too thick or floﬁgﬂv -

SEfp e

anticipated. The potential for this problemto occur can Be|avoi ded by t hé
followi ng process variation. The spacer structure materiali qr Q@sSSipr €8s s

fon)

14

pr

is provided as a continuous |layer on the substrate and thd dhips. Were t#

s

spacer material is a thernoset material, that material is {themrternosSet
prior to patterning it. The adhesive for the first |am natjed dielectric

| ayer is then sprayed or spun-on on top that unpatterned spacer |ayer.
This conbined |layer is then patterned as unit to leave it

U.S. Patent No. 5,109,946, filed September 27, 1988,
entitled "High Density Interconnect With High Volumetric
Efficiency® by C.W. Eichelberger,--et al., U.K. Patent
Application No. 9107029.2 entitled "A High Density
Interconnect Structure Including a Chamber®, by R. J.
Wojnarowski, et al. Each of these Patents and Patent
Applications is incorporated herein by reference.

This high density interconnect system has been
developéd for use in interconnecting semiconductor chips
to form digital systems. That is, for the connection 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 counsidered.

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 o©of 1less than 50 MHz. Use of microwave
frequencies requires consideration of wave characteristics
transmission line effects, material ©properties at
microwave frequencies, the presence of exposed delicate
structures on MMICs and other components and system and
component characteristics which do not exist at the lower
operating 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, even if the dielectric
is not 1lossy at microwave frequencies, its dielectric




only where the 'spacer structure is desired. This nmay be don

“+ways. A masking | ayer nmay be deposited on the conbi ned spacgr
| ayer and patterned with photoresist or other techniques to
on the spacer structure. Thereafter, the structure is etche
exposed portions of the spacer/adhesive layer. Wth a silicon
this nmay be done with reactive ion etching. Wth a reflectiv
this may be done using an excinmer |aser to ablate the spacer/adhesive
| ayer. The masking |ayer may then be renoved. Alternatively, it can be done
using a scanned focused | aser beamto abl &e the

adhe;h e

awéﬁnbﬁe;

constant itself may be high enough to unacceptably modify
the operating characteristics of MMICs, GaAs transistors
and other microwave components or structures which might
be interconnected using a high density interconnect
structure.

Where chips are closely packed for maximum
density, this essentially 1limits the high density
interconnect structure to the routing of conductors in the
streets and avenues portion of the structure which extends
from the contact pads of one chip to the contact pads of
the adjacent chip. For systems in which relatively 1low
interconnection density is required, this limitation can
be accommodated without serious impact on the system
'structure or operation. However, where a high density of
intercomnect conductors is required, such a restriction
can make a system unroutable or require excessive numbers
of 1layers of interconnect conductors or can require that
the chips to be spaced further apart than would otherwise
be necessary, just for the purpose of widening the streets
and avenues to accommodate the required quantity of
interconnect conductors.

’ , | Digital systems which are designed with very
small features and/or which are designed to operate at
frequencies in the GHz range can be sensitive to the
presence of a dielectric layer thereover, even when they
are mnot in the classic sense, microwave circuits in that
they do not employ transmission lines and analog
techniques. in such very high frequency digital-systems,
there is a need for a high density of interconnections
which is similar to that need in such systems which
operate in the 50 MHz and less fregquency range. Removing
the dielectric layer over the center of the chips severely
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unneeded portions. At the end of this process, after apprdpifFate ¢l gdn-upq

sif needed, the first lanminated dielectric layer is |lam nated pn top of the
spacer structure using the retained adhesive as it bondi ng ag nggg]ﬁﬂurﬁﬁﬁ
preferably done w thout any adhesive being di sposed on the
prior to its |am nation. However, adhesive 15 may also b v on
the lamnated film although that i

a 'naped film

restricts the available routing area.

Related U.K. Application No. 9107029.2 entitled,
"A High Density Interconnect Structure Including a
Chamber™ places overlay-sensitive chips in deep enough
cavities that their upper surfaces are spaced below fhe
upper substrate surface, laminates the inifial high
density interconnect dielectric layer to the .chips and
substrate in a manner which causes that dielectric layer
“to "sag®” down onto the recessed surfaces of these chips.
Metallization disposed on that first dielectric 1layer
contacts each of the recessed contact pads and extends up
the slope of the "sag" onto the planar position of that
initial dielectric layer. That initial dielectric 1layer
is then removed from the overlay-sensitive portions of the
chips. A second, taut dielectric layer is then laminated
across the entire structure. This second dielectric
layér is spaced from the overlay-sensitive portion of the
recessed chips by the depth to which the tops o©f those
chips are recessed. A normal high density interconnect
structure metallization 1layer is then formed on this
second dielectric layer with contact to the recessed
contact pads being made via the porticﬁs of the initial
metallization which are disposed ovér the top of the
substrate.

While this accommodates the need, it is more
cumbersome to fabricate than normal high density
interconnect structures and is not directly applicable to
flexible high density intercomnnect structures which are to
be separated from their fabrication carrier (substrate)
after <fabrication as taught in related, incorporated by
reference U.S. Patent No. 5,019,946, entitled "High
Density Interconnect With High Volumetric Efficiency®,. and



structure. By processing in the manner just described, the
structure material (polyimde) is present everywhere on th toppgifﬁpewq
t elrfet~Fn’™

substrate as a uniform|layer, unless the polyamc acid is pat fqaﬁ
area to provide air gaps over conductor runs on the substraf el surface-—-i
Where no such patterned spacer structure is desired on the I n surface of

the substrate, the spacer structure polyinm de my be onittedthereby
provi ding a chip-holding cavity 14 which ig deeper by the height of the
posts and renoving the

U.K. Patent Application No. 9107029.2, entitled "A High
Density Interconnect Structure Including a Chamber”.

Accordingly, there is a need for a high density
interconnect structure which accommodates the pverlay
sensitivity of - many components without sacrificing the
routing density of the high density interconnect
structure, which 1is applicable to substrateless high
density interconnect structures and whose fabrication is
more similar to the standard fabrication process. .

Accordingly, a primary object of the present
invention is to provide a high density interconnect
structure having an air dieleétric disposed above overlay
sensitive portions of integratéﬁ "gcircuits and other
components.

Another object of the present invention is to
prdvide a simplified overall structure for such a system.
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polyam c acid fromthe entire upper surface of -the substrate tlo Ieaye Il any ‘
sonly on the chips in a patterned manner. This would result inithe @aﬂvrﬁt%%ﬁ‘j
film 27 being planar and directly lam nated to the upper surf of the e
substrate. As an alternative to the individual posts 24P illusfrated in
Figure 3, the spacer structure may have the ridge configuratiop_Lllustreted—
in Figure 7. In Figure 7, rather thgn the integrated.-circuit chip 116

havi ng i sol ated posts di sposed on top of its contact pads 118 in the manner

shown in Figure 3, a contdtheausbrjesye ok24Reopresleyteinteakdohris tateria
I's provided %@oEqﬁequgﬁmBEE%ﬁgﬁ SEOEQSS for fabricating a high density

interconnect structure -with an air dielectric disposed

a3,

between overlay sensitive portions of electronic components
and overlying dielectric material.

Another object of the present invention is to
provide a process for providing an air gap in a high density
interconnect structure which involves only a single
lamination step.

Summary of the Invention
The above and other objects which will become

apparent from the specification as a whole, including the
drawings, are accomplished in accordance with the present
invention by providing a spacer structure on integrated
circuits and other components which are overlay sensitive.
The initial dielectric layer of the high density interconnect
structure is laminated to this spacer structure, with that
‘dielectric layer being spaced from the surface of the
electronic- components by substantially the thickness of the
spacer structure. Preferably this spacer structure is

" laterally displaced from overlay sensitive portlons of the
electronic component (s). Contact pads which are connected to
conductors of the high density interconnect structure are
referted to as connected contact pads. Each of the connected
contact pads preferably ‘has the spacer structure disposed
thereon in order that interconnection vias may be formed in
an overlying dielectric layer in alignment with the contact
pads, with the vias. extending into electrical contact with
the contact pads and having solid, uninterrupted walls
suitable for subsequent deposition of the metal of the high
density interconnect structure in those vias to connect the
contact pads to the conductive runs in the high density
interconnect structure itself. Where the spacer structure is
non-conductive, these via holes preferably extend through the
entire thickness of the spacer structure in alignment with



chlp 116 along the periphery of the chip. This ridge 124R’naf Qverlfe"t+kr
< contact pads 118 of the integrated circuit chip as shown ini Flgure J §§
ri dge 124R may be di sposed outside the contact pads 118 as isH 1 @ur

8,

wi th individual posts 124P di sposed over the |nd|V|duaItcontact,pads__
118. The Figure 8 configuration is preferred since the higher dielectric
const ant between the contact pads in Fuﬁure 7 as conpared it o Elgure—8
i ncreases capacitive coupling and | oadh

Ve R

g thereby affecting the operating

characteri st cganettblecontheted ﬁéasl khustaatkedo a@ététpeail*]%&t@@k posts

124P may also be Ry ghdeglgg eit

of these enbodi ments to
den51ty interconnect structure.

eW’tPe re the
spacer structure is conductive with each contact pad having
an electrically separate post disposed thereon, the via holes
extend through only the first dielectric layer to expose part
of the upper surface of the conductive posts.

In accordance with one preferred embodiment,
dielectric material is disposed on the electronic components
and patterned to leave their overlay sensitive.pornions
uncovered. The remaining dielectric material then comprises
the spacer structure. This spacer structure dielectric
material is preferably sprayed or spun-on, but may be
laminated if desired A first high density interconnect
structure dielectric layer is then laminated to the spacer
structure with a thermoplastic adhesive. That first
dielectric layer is held sufficiently taut during the
lamination process that after completion of the lamination
process it remains spaced from the overlay sensitive portions
of the electronic components by substantially the height of
the spacer structure.

' The spacer structure may comprise a plurality of
spaced apart pcsts or a continuous ridge such as an annular
poiymer'dielectriC'ﬁall extending along the periphery of a
chip.' Such a wall or ridge may,include separate posts or
projecting portions which extend out over contact pads which
would not dtherwise be covered by the dielectric wall.

Brief Description of the Drawings
The subject matter which is regarded as the
invention is particularly bointed out and distinctly claimed
in the concluding portion of the specification. The
invention, however, both ‘as to orgarization and method of
practice, together with further objects and advantages
thereof, may best be understood by reference to the following

description taken in connection with the accompanying
drawings in which:
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suspend the | am nated dielectric |ayer across |arge, othermnse unsuppofted,‘
‘expanses or to provide a portion of 16 the spacer struct ré over E

i sol ated contact pads or for other reasons. In a nodified veiBnbﬁLd?gé
the Figure 3 configuration, individual projections may be{pfovi ded
ridge 124R to extend over individual contact pads rather an
provi di ng individual isolated postlsk I n

Figure 1 is a perspective iilustration of two
integrated circuit chips bonded to a high density .
interconnect structure substrate ready for the fabrication of
the overlying high density interccnnect structure;

Figures 2-6 illustrate sequential stages in the
fabrication of a high density interconnect structure on the
substrate and chips of Figure 1;

Figures 7 and 8 illustrate alternative -
configurations for the spacer structure illustrated in Figure
3; '

Figure 9 illustrates a further -alternative
configuration for the spacer structure and the contact pads
on the integrated circuit chip; |

Figure 10 is a perspective cross-section view of a
multilayer high density interconnect structure having air
gaps within the high'qensity interconnect structure.

Detailed Description

Figure 1 is a perspective partially cut away view

of a high density interconnect structure substrate 12 having

. a cavity 14 in which a.plurality of integrated circuit chipe
16 ete disposed., Two of these chips are illustrated in the
figure. Chips 16 have contact pads 18 disposed on their
npper surface. In this structure, the integrated circuit
chips 16 have been bonded to the bottom of the cav1ty 14 by a
thermoplastic adhesive 15 which may preferably be a )
polyetherimide such as ULTEM® 6000 polyetherimide resin
available from General Electrxc Company and the structure is
ready for fabrication of a hlgh density interconnect
structure thereon.

The fabrication of this high density interconnect
structure begins with the fabrication of a spacer structure.
In accordance with one embodiment of the invention, a first
step in the process of forming the spacer structure ccmprises
depositing a uniform layer of polyamic. acid on top of both
the integrated circuit chips 16 and the exposed surface of



f1 exible high density interconnection structures from whiich the: sibstrate X
<is renoved after fabrication is conplete as taught in U S Patent No. i }
5,109,946, entitled "High Density Interconnect W t ht Fﬂg@&ﬁL'@96 i
Vol unetric Efficiency” and European Patent Application Nol ©, 450, 950, _
entitled "A Flexible H gh Density Interconnect Structure gn FexXi bl y
I nterconnected Systent, |isted above, {fis ridge spacer stiructure
Figures 7 and 8 is advant ageous because in conbination =W

| anmi nated  the tullstiatieect? i ¢ Theyerst ductsed sig Hdhegdgackesf atthd 0OhCp'for

upper surfacg,e half hour to remove the solvent in the polyamic acid
polymer to leave a layer 22 of dry polyamic acid. Next, a
layer 23 of photoresist is deposited on top of the dried
polyamic acid layer 22. The.structure at the end ofithis
step *s illustrated in Figure 2.

Next, the photoresist 23 is exposed using a masked
light sourre or a laser to leave a structure in which the
photoresist is insoluble in its developer only on those
portions of the dried polyamic acid which are coincident with
the desired location. of the spacer structure. The
photoresist is then developed in the normal fashion with a
dilute basic developer. This development removes the soluble
portions of the photoresist and the polyamic acid thereunder.
Thereafter, the remaining photoresist is removed in a normal
fashion with an organic sclvent, leaving the structure
illustrated in Figure 3 in which the polyamic acid 22 is
present on the entire upper surface of the substrate 12 and
in localized places on the integrated circuit chips 16.
Preferablj, a post portion 22P of the dry polyamic acid is
disposed over each of the contéét pads 18 of the chips 16 to
which electrical contact is to be made during the fabrication
of the high'density interconnect strﬁcturer Posts 22P may
also be provide elsewhere on the chip or on the substrate.

At this stage, the structure is preferably baked at 250°C to
imiéize éhe polyamic acid layer and thereby obtain the high
thermal stability characteristic of polyimide;, After
baking,. the polymerized polyamic acid is identified by the
reference numeral 24 because of its changéd chemical
structure. Next, a thermally stable polymer dielectric film
27, such as KAPTON® polyimide available from E.I. DuPont de
Nemours,.is laminated over the structure illustrated in
Figure 3. This may preferably be done using ULTEM® 1000
polyetherimide resin available from General Electric Company
as a thérmoplastic adhesive 25 for the polyimidé'film 27.
The thermoplastic adhesive 25 for the polyimide film.27



In Figure 9, a further alternative enmbodi ment for a diel ec{rfig ispager: =nct
sstructure 220 is illustrated in which a raised ridge 224R s$erves as thé 1
spacer and the contact pads 218 extend up onto the ridge 224R qlp,,2§§ﬁ |
configuration, the spacer structure itself may be a glass}on offiet”= d i
~suitable dielectric layer which nmay be provided during the flabci i

the integrated circuit chip prior to dgposition of the netdl of the contact
pads which preferably extend up onto-the top of the spacer’s%%uutUTe. T .
thi s manner, YPHECREED COMPERSEt & §igBefessityt dpEerganpnertr ddAlersri¢ sposed
in a cavity alayapprenRri ahesdegmina@ion is done with the KAPTON polyimide

held taut and using a lamination temperature which does not

advefsely affect either the polyimide spacer structure or the
integrated circuit chibs themselves. After completidn of
this lamination step, the laminated dielectric layer 26 is
spaced from the integrated circuit sﬁrface by substantially
the thickness of the spacer structure, as shown in Figure 4.
Next, wvia holes 28 are formed in dielectric layer
26 in alignment with those contact pads 18 to which
electrical contact is desired as shown in Figure S. These
via holes are preferably formed by laser drilling. However,
other methods such as reactive ion etching (RIE) may be used.
A first patterned layer of metallization is then
formed on the -initial dielectric layer 26. This
metallization may preferably be formed by sputtering an
initial or barrier layer of titanium onto the structure
illustrated in Figure 5 followed by sputtering a (thin)
copper layer, which may then be electroplated to a desired
thickness, after thch a second titanium layer is formed on _
top of the copper. This. Ti/Cu/Ti metallization layer is then
patterned to leave only the conductors 32 desired in this
first metallization layer of the high density interconnect
structure as shown in Figure 6. The conductors 32 include
via portions 34 which extend down into the via holes 28 into
. ohmic contact with the contact pads-18 at the Bbttoms of the
via holes. o
Where desired, additional layers of dielectric and
conductors may be formed on the structuré illustrated in
Figure 6 until all of the required connections are provided.
The height of the spacer structure should be chosen
in accordance with the sensitivity of the electronic '
component$. A spacer structure height of greater than or
equal to about 12 microns is preferred for microwave
applications, since a spacer structure which is less than
about 6 microns thick provides little benefit in minimizing



place the wupper surface of the spacer structure in substanfnallyw}T
‘the sane plane as the plateau portion of the upper surface o'thQMSHbspPaH,;

212. The first dielectric |ayer 226 of the interconhegtion
structure may Dbe laminated directly across the substraté and 2nilcAF%
and 17 will remain spaced fromthe overlay sensitive pojtions of the

chip surface because of the ridge 2245 of the spacer i

T e AE P e i Vb it Ay

the effect of the high density interconnect structure on the
operating characteristics of the high frequency electronic
compeonents and a spacer structure thicker than about 25
microns provides very little additional isolation of the
electronic components from the effect of the overlying high
density interconnect structure dielectric materials. '
The process whiéh has been described has a
potential disadvantage of the adhesive for the first
léminated dielectric layer ‘partially filling the gap
prbvided by the spacer structure if the adhesive is put on
too thick or flows more than anticipated. The potential for
this problem to occur can be avoided by the following process

variation. The spacer structure material or its precursor 1is
provided as a continuous layer on the substrate and the
chips. Where the spacer material'is a thermoset material,
that material is then thermoset prior to patterning it. The
adhesive for the first laminated dielectric layer is then
sprayed or spun-on on top of that unpatterned spacer layer.
This combined layer is then patterned as a unit to leave it
oply where the spacer structure is desired. This may be done
in several ways. A masking layer may be deposited on the
combined spacer/adhesive layer and patterned with photoresist
or 6ther techniques to leave it only on the spacer structure.
Thereafter, the structure is etched to remove the exposed
portions of the spacer/adhesive layer. With a silicon

" nitrvide mask this may be done with reactive ion etching.
With a reflective metal mask this may be done using an
excimer laser to ablate the spacer/adhesive layer. The
masking layer may then be removed. Alternatively, it can be
done'using a scanned focused laser beam to ablate the
unneeded portions. - At the end of this process, after
appropriate clean-up if needed, the first laminated
dielectric layer is laminated on top of the spacer structure
using the retained adhesive as it bonding agent. This is
preferably done without any adhesive being disposed on the
laminated film prior to its lamination. However, adhesive



structure.

<circuit in this enbodi ment posts 224P may be provided in jt B&PL.hnerf pottiion |

- f desired, during the fabrication of th J}-\o}t-e—gw--a-t-eGI--.---«—‘..----x.---E

of the chip in addition to the ridge around the peripghery. " Inthis
structure, connection is made between the first Iayg@,,”pfﬂné i
metal li zation of the high density interconnect structure jand tHe contact ;

pads in a manner which is simlar tq.hat used where a high.density..

i nterconnect structure does not inclfude a spacer structurfe in that the via
hol e t hr ough malye ailsct bgl paoalidedr oo khgelambnahedcbhlmcta

through that gapicliiaah ydigelreelesl ¢ne@%8rpose of providing the adhesive on

the spacer structure.
By processing in the manner just described, the
layer of spacer structure material (polyimide) is pPesent

everywhere-on the top of the substrate as a uniform layer,

unless the polyamic acid is patterned in that area to provide
air gaps over conductor runs on the substrate surface. Where

no such patterned spacer structure is desired on the main
surface of the'substrate, the spacer structure polyimide may
be omitted there by providing a chip-holding cavity 14 which
is deeper by the height of the posts and removing the
polyamic acid from the entire upper surface of the substrate
to leave it only on the chips in a patterned manner. .This
would result in the laminated film 27 being planar and
directly laminated to the upper surface of the substrate.

As an alternative to the individual posts 24P
illustrated in Figure 3, the spacer structure may have the
ridge configuration illustrated in Figure 7. In Figure 7,
rather than the integrated circuit chip 116 having isoléted
posts disposed on top of its contact pads 118 in the manner
shown in Figure 3, a continuous ridgé 124R of polymer
dielectric material is provided on the upper surface of the
chip 116 along the periphery of the chip. This ridge 124R
may overlie the contact pads 118 of the integrated circuit
ch;p.as shown in Figure 7 or a ridge 124R' may be disposed
outside the contact pads 118 as shown in Figure 8,. with

- individual posts 124P disposed over the individual contact

pads 118. The Figure 8 configuration is preferred since the

gxttdrads onl y

higher dielectric constant between the contact pads in Figure

7 as compared to Figure 8 increases capacitive coupling and
loading thereby affecting the operating characteristics of

the system. As illustrated, additional isolated posts 124P

may also be provided in either of these embodiments to help
suspend the laminated dielectric layer across large,
otherwise unsupported, expanses or to provide a portion of

3
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In some structures, it may be found desirable to include :spacer = -~ - |
Structures bet ween t he i ndi vidual netallization layefsiwithin the { |
hi gh density interconnect structure itself in order to mnin ze the: 4996 |
di el ectric constant seen by conductor runs within the highjdensity

I nterconnect structure itself. Such a structure I s{i Hustrated—TN
cross-section in Figure 10. In that structure, a spager structure 344
is formed on top of the conductors 332 of the first nmetalliZatron [ayer of
t he hi gh density i nt er connect structghe 300 prior to lamnating a
second dielectric layer 346 over that secofd '

the spacer structure over iscolated contact pads or for
other reasons. In a modified version of the Figure 3
configuration, individual projections may be provided on
the ridge 124R fo extend over individual contact pads
rather than providing individual isolated posts. In
flexible high density interconnection structures from
which the substrate is removed after fabrication is
complete as taught in U.S.. Patent No. 5,109,946, entitled
"High Density Interconnect With ° High Volumetric
Efficiency" and European Patent Application No. 0,450,950,
entitled "A Flexible High Density Interconnect Structure
and Flexibly Interconnected System", listed -above, this
ridge spacer structure of Figures 7 and 8 is advantageous
because in combination with the laminated initial
dielectric layer, it seals the edges of the chip's upper
surface. ' .
In Figure 9, a further alternative embodiment
for a dieleétric'spacer structure 220 is illustrated in
which a raised ridge 224R serves as the spacer and the
contact pads 218 extend up onto the ridge 224R. In +this
coniguration, the spacer structure itsélf may be a glass
or. other suitable dielectric layer which may be provided
during the fabrication of the integrated circuit chip
prior to deposition of the metal of the contact pads which
preferably extend up onto the top of the spacer structure.
In this manner, the chip, with its spacer structure 224R
thereon, is disposed in a cavity of appropriate depth to
place the upper surface of the épacer structure in
substantially the same plane as the plateau portion of the
upper surface of the substrate 212. The first dielectric
layer 226 of the interconnection structure may be
laminated directly across the substrate and the chip and
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spacer structure. Fol I owi ng that second | am nation, via h I $*34B arekﬁ”’

‘drilled in the second | am nated dielectric layer 346 and thr *f+mrsetﬁﬁdﬂ
spacer structure 344 to the first metallization layer 332 in t 038 1

| ocati ons where electrical cont act between the first | S%Cgﬁé
netal lization |ayers is desired. The second netal layer ik Lhenwwmmwww,
deposited on the second dielectric |ayer and patterned in a ranner such as i
has been described in the —
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will remain spaced from the overlay sensitive portions of
the chip surface because of the ridge 224R of the spacer
structure. If desired, during the fabrication of the
integrated circuit in this embodiment posts 224P may be
provided 1in the inner portion of the chip in addition to
the ridge around the periphery. In this " structure,
connection is made between the first layer of
metaliization of the high density interconnect structure
and the contact pads in a manner which is similar to that
used where a high density interconnect structure does not
include a spacer structure in that the via hole through
the initial dielectric layer to the contact pads extends
only through that initial dielectric layer.

In some structdres, it may be found desirable to
include spacer structures between the individual
metallization layeré within the high density interconnect
structure itself in order to minimize the dielectric
constant seen by conductor runs within the high density
interconnect structure itself. Such a structure is
illustrated in cross-section in Figure 10. In that
structure, a spacer structure 344 is formed on top of the
conductors 332 of the first metallization layer of the
high density interconnect structure 300 prior. to
laminating a second dielectric layer 346 over that second
spacer structure. Following that second lamination, via
holes 348 are drilled in the second laminated dielectric
layer 346 and through the second spacer structure 344 to
the first metallization layer 332 in those locations where
electrical contaci between the first and second
metallization layers is desired. The second metal layer
is then deposited on the second dielectric layer and
patterned in a manner such as has been described in the
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18 related patents and applications to provide conductors 352. Were an
air gap structure is desired within the high density interconnect structure
itself, as shown in Figure 10, it is considered desirable to use

progreSS|ver | ower Tg adhesive | ayers for each successive Ig natron i1
!dl &

T

or der to ensure that previous |amnations are not € .
during subsequent |am nation steps. Sui t abl e adhesi ves a fur;t :
description of the appropriate techni ques are contai ned |n tE:ti:ﬁﬁ éﬁ?é !
Eur opean Pat ent 18 |

e e i
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related patents and applications to provide connuctors
352. : _

Where an air gap structure is desired within the
high density interconnect structure itself, as shown in
Figure 10, it is cdnsidered desirable to use progressively
lower Tg adhesive layers for each successive_lamination in
order to ensure that previous laminations are not
disturbed during subsequent lamination steps. Suitable
adhesives and a fﬁ:ther description of the appropriate
techniques are contained in the related European Patent
Application No. 91305960.5. One potential advantage of
this structure is an ability to provide a partially air
dielectric for microwave transmission lines formed within
the high density interconnect structure. An air
dielectric can be providéd by emploving a metallized
KAPTON film in combination with provision of the
lamination' adhesive only on the already existing high
density interconnect structure and laminating that
metallized KAPTON with its metéllized side toward that
high density interconnect structure. Pre~-patterning of
thg metallization on the KAPTON being desirable where
contact needs to be made from above the metallized KAPTON
to below that metallized KAPTON layer.

In the procedure described in connection with
Figures '2—6, the initial via holes are drilled through
both the first laminated dielectric layer 26 and the
spacer structure posts 24. An alternative, but not
preferred approach is to form via holes in the spacer
structure prior to the lamination of the first dielectric
layer 26 thereover. These via holes would be disposed
over each contact pad to which electrical contact is to be
made. The structure would then have a patterned
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Application No. 91305960.5. One potential advantage off thFe=8tTucture
-is an ability to provide a partially air dielectric for nicromgnggL‘ﬁgé i
transm ssion lines formed within the hi gh density int onnect !

structure. An air dielectric can be provided by enpl oyi ~prretaftTi zed
KAPTON film in conbination wth provision of t hell am nation :
adhesive only on the already existing high density I nter

structure and lam nating - that netallized KAPTON with its nmetallized
side toward that high density interconnect structure. Pre-patterning of
the netallization on the KAPTON bei ng deshgable wher e

metallization formed therebn in which the metal pattern
extends into each of the via holes in ohmic contact with
the underlying contact paid and provides an appropriate
surface on top of the spacer structure for contact by
subsequent metalligation layers. This patterned metal
layer would preferably be formed by selective deposition
in order to minimize 1risks to the portions of the
electronic componeﬁts or chips which are not covered by
the spacer structure 24. The first dielectric 1layer 26
would then be laminated over this metallized spacer
structure and via holes would be drilled in that
dielectric layer in alignment with the spacer structure
metallization in a manner similar to that described above
in connection with Figures 5 and 6.

As an alternative to the use of polyamic acid as
a precursor of the spacer structure, a thermoplastic may
be employed as the spacer structure. This has several
advantages. First, the thermoplastic spacer structure may
be removed during repair of a high density interconmect
structure in a manner similar to that in which the high
density interconnect structure itself is removed for
re;air as described in the background patents and
applications. Second, if the thermoplastic is itself
laminated to the substrate 12 and the chip 16 at a
temperature in the vicinity of its own Tg. then the high
temperature exposure of the polvamic acid process may be
avoided.

As an alternative approach to forming the spacer
structure, a silicon nitride mask' may preferably be
evaporated on top of either thermoplastic or thermoset
polymeric spacer layers and patterned using photoresist
and a silicon nitride etchant such as RIE (reactive ion
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contact needs t.o be made from above the netallized KAPTON {e—bet-eiw iRt
‘metal | i zed KAPTON | ayer. In the procedure described in con eBENd“r”"ﬁf%EET
Figures 2-6, the initial via holes are drilled through both ftfe~first—""]
| am nated dielectric |ayer 26 and the spacer structure posts %4, 16&&
alternative, but not preferred approach is to formvia hlew;q ‘TE
spacer structure prior to the lam nation of the first diel ¢clbdgla

t her eover. These via holes would be disposed over eachjcontact pad to

which electrical contact is to be made. ,4The structure “wowtd—ttren
have a patterned

etching) with CFy4. Thereafter, the underlying polymeric
dielectric layer may be patterned by reactive ion etching
in a O, atmosphere. Reactive ion etching in this
atmosphere has substantially no eifect on the silicon
nitridé layer with the result that a spacer structure of
substantially any useful height may be patterned in this
manner., The photoresist may be removed from the retained
portions of the silicon nitride layer prior to reactive
ion etching or may be left in place during that etching,
in which case, the reactive ion etching also removes that
photoresist material at the same time as it removes the
unprotected underlying portions of the polymeric material
of .the spacer structure. Following completion of the
patterning of the spacer structure, the silicon nitride
mask is preferably removed from the top of the spacer
structure using a CF4, RIE etch. RIE is a relatively
slow process for removing 6rganic materials of this type.
Consequently, it may be considered preferable to provide a
metal mask rather than a silicon nitride mask and to use
an excimer laser to ablate any unprotected portions of the
spacer structure material to provide the desired spacer
configuration. After completion of this patterning step,.
the metal mask is removed anq the process proceeds as has
been described. :

As a further alternative, where the spacer
structure comprises individual post disposed over
individual contact pads, the spacer structure may be
formed of conductive material such as a metal. This may
be done by masking the structure to restrict metal .
deposition to the contact pads and then  electroplating
additional metal on the contact pads in the manner taught
in U.S. Patent No. 4,988,412, "Selective Electrolytic
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provi des an appropriate surface on top of the spacer str
by subsequent netallization |layers. This patterned netal
preferably be formed by selective deposition in order tomnininize risks to
the portions of the
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Deposition .on Conductive and Non-Conductive Substrates",
and European Patent Application No. 0436282, "Area-
Selective Metallization Process". In this manner, a
spacer structure comprised of individual metallic posts
may be formed with a desired thickness. It will be noted
that this spacer structure can be formed on the integrated
circuit chips prior to attachwment of those chips to the
substrate. With this spacer structure in place, the first
dielectric layer 26 is laminated to the structure and the
posts of the spacer structure. Via holes are then
drilled in the first dielectric layer to expose a portion
of the upper surface of each of the posts to which
electrical contact by the high density interconnect
structure 1is desired. A first metallization 1layer is
then formed on the first dielectric layer and patterned to
provide the conductors desirfed in that layer.

If it is necessary to disassemble this structure
to rework or repair it, the posté of the spacer structure
can be removed with an appropriate solvent if they are
thermoplastic. Thermoplastic and thermoset posts and any
.adhesive layers can be removed with RIE, plasma etching or
byJ excimer or other laser ablation as may be considered
preferable. ‘

While the description has been in terms of

. polyimide and polyetherimide materials, low dielectric
constant. materials such as Teflon may be used.



el ectroni c_conponents—e+r—ehi ps which are not covered by thé i
‘structure 24. The firs& %felectric | ayer 26 would then be Ianﬁn aﬁqu@wgga {
thi s met #hip Phe P&YYucture and via holes would bei r| éd '
t hat di el I | alignment with the spacer structurk

In a mann hat descri bed above in connection wWth Flgures 5
and 6. As an alternative to the use qQf. polyamc acid as a precursor of the

spacer structure, a thernoplastic nay“be enployed as the spacer structure.

This has seygrgk:advantages. First, the thernoplastic spacer structure
may -

1. In a high density interconnect structure of the
type comprising an electronic component having contact pads
on a first surface thereof, an interconnection structure
thereover including a first layer of polymer dielectric
material disposed over said electronic component, said layer
of polymer dielectric material having apertures therein
disposed in alignment with at least selected ones of said
contact pads, a first patterned conductive layer overlying
said first dielectric layer and extending into said apertures
into ohmic contact with said selected ones of said.contact
pads, the improvement comprising:

~ a spacer strlicture disposed on said_e}ectronic
component; and . _.

said first layer of polymer dielectric materiai
being bonded to said spacer structure and sbaced from the
surface of said electronic component by said spacer
structure; -

2. The improvement recited in claim 1 wherein:

said spacer structure comprises a polymer
dielectric; and

said surface of said electronic component is
.substantially free of polymer dielectric material except for

said spacer structure.

3. The high .density interconnect structure recited
in claim 1 wherein:

said spacer structure comprises an elongated ridge
of dielectric material.

4, The high density interconnect structure recited
in claim 3 wherein: .
_ said ridge is continuous, closed on itself and
surrounds a portion of said first surface of said electronic
component . -

S. The high density interconnect structure recited
in claim 4 wherein:

* 4 L L s *
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[ |ch the high density interconrect st

itself isr pﬁ%ﬂ as described in the badkgro ﬁ%b paiéﬁtﬁ
and applicati E if the thermoplastic is itpelf lamnated.tio
t he substrat _ ip 16 at a tenperature in the vjcinity of its
own T[err], then the hi gh tenperature_exposure of the pol yamc—actd-process—
may be avoi ded. As an alternative app?éach to form ng the spacer structure,

a silicon nitride magkid @VecPr&h L abpodnt comprises a semiconductor
chip ahd at least some of said contact pads are disposed
along the periphery of said first surface of said
semiconductor chip; and

-I

‘manner simlar.to

said ridge constitutes a wall around the ﬂ%riphery'
of said chip. '

6. The high density interconnect structure recited
in claim 5 wherein:

those contact pads which are disposed in electrical
contact with a conductor of said interconnection structure
are referred to as a connected contact pads; and

said connected contact pads have dielectric
material of said ridge disposed thereon. | '

7. The high density interconnect structure recited
in claim 1 wherein: '

said spacer structure comprises a plurality of
spaced apart posts.

8. The high density interconnect structure recited
in clalm 7 whereln. .

each contact pad which is dlsposed in electrlcal
contact with a conductor of said interconnection structure
has a post disposed thereon and is referred to as a connected
contact pad. -

9. The improvement recited in claim 8 wherein:

said posts comprise a polymer;

each of said poets disposed on one of said
connected contact pads has a via hole therein in which a
conductor of said.interconnection structure extends into
electrical contact with the contact pad disposed thereunder.

10. The improvement recited in claim 7 wherein:

said posts comprise a metal.

11. The improvement recited in claim 10 wherein:

said posts are metallic. '

12. The improvement recited in claim 7 wherein:

said posts comprise a polymer.

13. The improvement recited in claim 12 wherein:

I
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evaparated—en—top—of—erther thernoplastic or thernoset polyfregst
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'l ayers_an 1akkdi Ng photoresist and a silicon nitri Ft- Stk

as R B gt K 20 etching) with CF[err]. Ther eaf eﬂ, the \ P
under | yi ' Emt“t dielectric layer may be patterned by e?cf? e'lf'o |
et chi ng | at nosphere. Reactive ion etchin I n thIS ml
at mosphere has substantially no effectagon the silicon

said posts comprise a thermoplastic material .

14. The improvement recited in claim 12 wherein:.

said thermoplastic material is a polyetherimide.

15. The improvement recited in claim 12 wherein:

said posts comprise a thermoset material.

16. The improvement recited in claim 15 wherein:

said thermoset material is polyimide.

17. The improvement recited in claim 1 wherein:

said first layer of polymer dielectric material is
spaced from the surface of said electronic component by
substantially the height of said spacer structure.

18. In a high density interconnect structure of
the type comprising an electronic component having contact
pads on a first surfaée thereof, an interconnection structure
thereover including a first layer of polymer dielectric
material disposed over said electronic component, said layer
of polymer dielectric material having apertures therein
disposed in alignment with at least first selected ones of
said contact pads, a first patterned conductive layer
overlying said first dielectric layer and extending into said
apertures into ohmic contact with said selected ones of said
contact pads, a second layer of polymer dielectric material
disposed over said first layer of dielectric material, said
second layer of ﬁolymer'dieiectric material having apertures
therein disposed in alignment with second selected ones of
said contact pads and/or selected portions of said first
patterned conductive layer,; a second patterned conductive
layer overlying said-second dielectric layer and extending
into said apertures into ohmic contact: with said second
selected ones of said contact pads and/or selected portions
of said first patterned conductive layer, the improvement
comprising:

a spacer structure disposed on said first layer of
dielectric material; and:

said second ldyer of polymer dielectric material
being bonded to said spacer structure and spaced from the
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nltrlde layer—wtTh The result that a spacer structure of @u%SLantlal
-usef ul  hei gh;s SRt He BpaReglacedd . i n-thi s manner. - The phot gr sﬁSt may
renoved from ortions of the silicon nitrideil yer pr'or 1D |
reactive ion lﬁ“ ﬁw be left in place during that %téhlnq LD mhnnk
‘case, the rea I ng al so renoves that photores

st material at
the sane time as it rempves the unprofgected underlying por'r L ons  of iy ‘—ag
polynmeric material of the E pacer structure. Fol | owmi ng conpl eti on of

t he” patt er ni PYF62CE nRf spAtdr i it RAtE gk MU ¥ thaXRF (Flsievngre by
preferably resabdespacem sheudtpredf the spacer
19. The improvement recited in claim 18 wherein

said improvement further comprises:

a further spacer structure disposed on said
electronic component; and ' .

said first layer of polymer dielectric material is
bonded to said spacer structure and spaced from the surface
of said electrcnic coﬁponent elsewhere by substantially the
height of said spacer structure.

20. In a high density interconnect structure of
the type comprising an electronic component having contact

- pads thereon, one or more polymer dielectric material layers
disposed thereover and having apertures therein, one or more
patterned conductive layers overlying selected ones of said
dielectric layers and extending into selected ones of said
apertures into ohmic contact with selected contact pads or
other conductive layers, the improvement comprising:

a plurality of posts disposed on said electronic
component, each contact pad which is disposed in electrical
contact with a conductor of said petterned conductive layers
having a post disposed thereon and being referred to as a
connected contact pad; and '

the one of said polymer dielectric material layers
disposed nearest sald electronic component being bonded to
sald ‘posts and- spaced from the ‘surface of said electronic
component elsewhere by substantially the helght of said
posts.

21. The improvement recited in claim 20 wherein:

said posts'comprise a polymer;

each of said posts which is disposed on one of said
connected contact pads having a via hole therein through
which a conductor of one of said conductor layers extends
into electrical contact with the contact pad disposed
thereunder.

22. The improvement recited in claim 20 wherein:

I —————
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structure using a CE[err] R-E etch. REis a relati\B@PM‘s}iF‘ﬁTn
-for renoving organlc naterlal of this type. Consequently, It may be

consi der ed pr'@lﬁ ?7 de a netal mask rather thani al sigd g, 06r i id
mask and to us ser to ablate any unprotecte ortions of thbj
spacer structu prOV|de the desired spacer cpnH I~on.

¥

Af ter conpletlon 0 thIS patternlng sgﬁp the metal mask §s renoved and the!
process proceeds as has been describe As a further altermative, where the

spacer structure CoNBaigepostisNGonpdydle aPaekal .di sposed over

23. The improvement recited in claim 20 wherein:

2

said posts comprise a polymer.

24. In a method of fabricating an electronic
system of the type including providing a plurality of
electronic components each including contact pads, a forming
a high density interconnect structure bonded to said
components by disposing a layer of dielectric material over
said components, providing via holes in said layer of
dielectric matefial and forming a pattern of conductors on
said layer of dielectric-material in which the conductors of
'said pattern extending into said via holes to electrically
connect to said contact pads of said electronic components,
the improvement comprising:

forming a spacer structure on said electronic
components prior to disposing said layer of dielectric
material over said components, said spacer structure
comprising a patterned raised structure having gaps therein;
and . i

bonding said layer of dielectric materiél to said
spacer structure in a mannef in which saidﬁlayer of
dielectric material bridges said gaps in said spacer
structure to provide a non-solid dielectric adjacent said
electronic components in the regions of. said gaps.

25. The 1mprovement recited 1n claim 24 wherein
the- step of forming said spacer structure comprises:

depositing a dielectrid material on said electronic
components; and .

' patterning said dielectric material.

26. The_improvement recited in claim 25 wherein
said spacer structure is a thermoset material and said
improvement further comprises the step of:

treating said dielectric material to render it
insoluble.

27. The improvement recited in claim 26 further
comprising the step of:

WO s
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i ndi vi dual _cont act—paéds;—tte spacer structure may be forned

‘material such as This nmay be done by nmasking the struc enfioqo0s |
restrict ThistSheet g3p 'eqkmdto the contact pads and then el ec r?pﬁg%iﬁﬁ" 2-‘J
~addi tional | H * Fontact pads in the manner taught i -k Gr——-Patent-
8

No. 4,988} ve Electrolytic 21 Deposition ¢n Conducti ve
and Non- Conductive Substrates”, 27

—

providing a layer of adhesive material on said
thermoset material prior to patterning said thermoset
material; and

said patterning step patterns'both said adhesive
and said thermoset materials.

28. The improvement recited in claim 25 wherein:

said deposited dielectric material is a
thermoplastic material and said improvement further comprises
the step of:

providing a layer of adhesive material on said
deposited thermoplastic dielectric material prior to
patterning said deposited thermoplastic dielectric material;
and

said patterning step p;tte:ns both said adhesive
and said deposited thermoplastic dielectric materials.

29. A semiconductor chip comprising:

a body of semiconductor material having a major
surface;

' a plurality of contact pads disposed on said major

surface of said body;

a patterned spacer structure disposed on said major
surface of said body and said at least selected ones of said
contact pads, said spacer structuré including raised portioﬁ

and a gap. .
.30. The semiconductor chip recited in claim 29
wherein:
i said spacer structure is a polymer dielectric
material. . :
31. The semiconducdtor chip recited in claim 29
wherein: _
said spacer structure is conductive.
32. A semiconductor chip comprising: _
a body of semiconductor material having a major
surface;

mmmwmm .
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and European Patent Application No. 0436282, "Ar ea-
.Metallization Process". In this

of i ndi vi.dual
will

e[Ecti ve
manner, a spacer struttbr@ 2 ifir 135éd
nmetallic posts nay be formed with a desired thig¢kness. It

N |

picae

H

A

be noted that this spacer structure can be formed on the Tt éegrat ed
circuit chips prior to attachment of those.chips to the subgtrate, \Wih

L e e g e i et

this spacer structure in place, the fipst dielectric layer 26 is |am nated
to the structure and the posts of the spacer structure. Via holes

are then drilled in tht PAFSErRRd| BRAFTE PRYRFLEEE ckpTRESEH [RIY (3ol 01 otre
upper surfaceswffeasho Ofsdite vst add MiXidding a raised portion and a

gap;

a plurality of contact pads disposed on said raised
portion of said spacer structure whereby, said contact pads
are spaced above said major surface of said body.

33. The semiconductor chip recited in claim 32

wherein: .

said spacer structure is an inorganic dielectric
material.

34. The semiconductor chip recited in claim 32
wherein:

said spacer structure is an polymer dielectric
material.
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electrical contact by the high density I nt er connect sggmg{gguw R oL
-desired.- A first nmetallization-:layer is then fornmed onjte-fi+st- -y
dielectric layer and patterned to provide the conductors d Tjgf in,t i

R G- 1 éphlk

| ayer. If it is necessary to disassenble this structure to

it, the posts of the spacer structure can be renoved with propriate i
solvent if they are thernoplastic. Ther nopl astic and the nDset posts and
any adhesive |layers can be renoved witl29RI E, plasma etchin By

or other | aser ablation as nmay be considered preferable.

Abstract of the Disclosure

A high frequency electronic component which is
interconnected with other components through a high density
interconnect structure sees only an air dielectric constant
in the high density interconnect structure because a spacer
structure disposed on the electronic component spaces the
dielectric of the high density interconnect structure from
the surface of the electronic component by a sufficient
distance that the higher dielectric constant of the polymer
dielectric layers of the high density interconnect structure

only minimally affects the operating characteristics of the
electronic components.,

Figure 1




Whil e the description has been in terms of polyimde and poRyE"RERIERT dRIEET
materials, low dielectric constant materials such as Tefl ¢n[i&ay DHe UsEd. ™
22 W claim 1. In a high density interconnect structurejof th LYP8nos |
conprising an el ectroni c conponent having contact pads on a first'§ﬁffa€é ;

thereof, an interconnection structure thereover including affi+stl-ayer-of.i
pol ymer dielectric material disposed over said

1710
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apertures therein.disposed in alignnment with at |east selected dgne 70}, sakd, |
contact pads, a first patterned conductive |ayer overlying saijd|fi¥§tevi 59 |
dielectric layer and extending into said apertures into ohm cjcqniact with i
sai d sel ected ones of said contact pads, the inprovenent conpfising: a

spacer structure disposed on a portion of said first surface of—setd

el ectroni c conponent, said |ayer of polymer dielectric materiad

el ectroni c conmponent, |eaving other portions gf,;gaid first surface free of
spacer structure; and said first layer of polyfrer dielectric material being
bonded ‘to said spacer structure and spaced fromsaid first surface of said
el ectroni c conponent by said spacer structure.

FIG. 2




2. The inprovenent recited in claim1 wherein: said spacer | tnucture’
tonprises a polyner dielectric; and said surface of said el ec n|c o394
conponent is substantially free of polyner dielectric nateriaﬁ xéé%b flo

l
sai d spacer structure. 3. The hi gh density interconnect st*utture d
recited in claim1 wherein: said spacer structure conprises ah el ongated
ridge of dielectric material. 23 _ J
3/10
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4. The high density interconnect structure recited in clailm3 Whérein: -7

Said ridge is continuous, closed on itself and surrounds a portion .of said -
first surface of said electronic conponent 5. The hi gh derjsijty -
i nterconnect structure recited in claim4 wherein: said electrjniﬁz‘ﬂﬁhif%s
conponent conprises a sem conductor chip and at |east sone off daid contact
pads are di sposed al ong the periphery of said first surface qf said '
sem conductor chip; and said ridge constitutes a wall aroundithe_perjphery

of said chip. 6. The high density intercohht®t structure recited in
claim5 wherein: those contact pads which are disposed in electrical
contact with a conductor of said interconnection structure are referred to
as a connected contact pads;

FIG. 4




and sai d connected contact pads have dielectric material of s@aigkpfhGlggrnT SHEET

di'sposed t hereon. 7. The high density interconnect structure +4edwwn~~7
claim 1l wherein: said spacer structure conprises a plurality jof sg%qu :
apart posts. 8. The high density interconnect structure refife84dUs & |
7 wherein: each contact pad which is disposed in electrical cpntact with a |

conductor of said interconnection structure has a post di sposged thereon and
is referred to as a connected contact pad.

5/10
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24 9. The inprovenment recited in claim8 wherein: said pasts-&om

pol yner; each of said posts disposed on one of said connect
has a via hole therein in which a conductor of said intercd
structure extends into electrical contact with the contact

nectTon

pjd oS

n: sgizz“bggegé
conprise a netal. 11. The i nprovenent recited in claim10 e ' -

t her eunder. 10. The inprovenent recited in claim?7 wherei

posts are netallic. 12. The inprovenent recited in claim
6/10
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v

sai d posts conprise a polyner. 13.

wherein: said posts conprise a thernoplastic material. 14.

The i nprovenment recited ¥ﬂgﬁheﬁﬁ%42;qrr

Mook

i mprovenent recited in claim12 wherein: said. thernoplastic aferial is-a

pol yet heri m de. 15. The i nprovenent

posts conprise a thernoset materi al

recited in claim 12 whgr
25

i 1 2 Y4ILA1996
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_ : r_q______..ﬂ.._.,—.--m----w--‘-’g
16.. The inprovenent recited in claim15 wherein: said thernpsgt tb?[.i q.%% \
I's polyimde. 17. The i nprovenent recited in claim1 whereih: }s WHS

| ayer of polyner dielectric material is spaced fromthe surfage: '

el ectroni ¢ conponent by substantially the height of said spacér s
18. In a high density interconnect structure of the type co 2T
‘el ectroni ¢ conponent having contact pads on a first surface thereof, an

i nterconnection structure thereover including/gyfirst |ayer of polyner
dielectric material di sposed over . said el ectronic conponent, said |ayer of
pol ymer dielectric material having apertures therein disposed in alignnment
wth at least first selected ones of said contact pads, a first patterned
corniductive layer overlying said first dielectric |ayer and extending into

FIG. 8

tructure.
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said apertures into ohmc contact with said selected ones of | ACEPMNRGHEET
pads, a second |ayer of polyner dielectric material disposefl p¥etSaiehr—m——
first layer of dielectric material, said second | ayer of po ynegggi?jectric
mat eri al having apertures therein disposed in alignnent with ke dUL 1995
sel ected ones of said contact pads and/or selected portions}of.said first
patterned conductive | ayer, a second patterned conductive |payer overlying
said second dielectric |ayer and extending into said apert upres— '
spacer structure disposed on a portion of sq%;&éirst_layer of dielectric
material, |eaving other portions of said first™{ayer free of spacer
structure; and said second | ayer of polynmer dielectric material being
bonded to said spacer structure and spaced fromthe surface of said first
patterned conductive | ayer el sewhere by said spacer structure.

FIG. 9

1220
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26 19. The inprovenent recited in claim 18 wherein said inp

U

Ib‘l S =
further conprises: a further spacer structure di sposed on a p(r é "*ggﬁﬁgi

first surface of said electronic conmponent, |eaving other port

first surface free of spacer structure; and wherein said firstj ljayge @fiL 1995
pol ymer dielectric material is bonded to said spacer structurd &

fromsaid first surface of said electronic conponent
10/10
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el sewhere by substantially the height of said spacer str

sHigh density interconnect structure of the type conprisi g ghr—etectronrcT
conponent havi ng contact pads thereon, one or nore pol yndr diﬁlf%gﬁ ey
material | ayers disposed thereover and having apertures t'hefe‘n, orne or
nore patterned conductive |ayers overl yizﬂg sel ect ed onesjjoftsatd—dietectTi c

| ayers and Wé ing into selected ones of said aperturegl into ohmc
contact with $éfected contact pads or other conductive | &ers—tire

i nprovenent conprising: a plurality of posts di sposed on said el ectronic
conponent, each contact pad which is disposed in electrical contact with a
conduct or ofl. sai dn pehigh demsitycintericonnéct sstriugipes of theviype) comprising dinsgleatromic

thereon and being referred to ag a ¢ ected contact .pad; an
compox(i:’ent ﬁa\%ng contact paas on a%r}gt surfg.ce €reol, an ngterconn on structure

thereover including a first layer of polymer dielectric material disposed over said

electronic component, said layér of polymer dielectric material having apertureé
therein disposed in alignment with at least selected ones of said contact pads, a first
patterned conductive layer overlying said first dielectric layer and extending into said

" apertures into ohmic contact with said selected ones of said contact pads, the
improvement comprising:

a spacer structure disposed on a portion of said first surface of said
electronic component, leaving other portions of said first surface free of spacer
structure; and

said first layer of polymer dielectric material being bonded to said
spacer structure and spaced from said first surface of said electronic component by

said spacer structure.

2. The improvement recited in claim 1 wherein:

said spacer structure comprises a polymer dielectric; and

said surface of said electronic component is substantially free of
polymer dielectric material except for said spacer structure. |
3. The high density interconnect structure recited in c:ilaim 1 wherein:

said spacer structure comprises an elongated ridge of dielectric

material.

R



the one of said polymer dielectric material |ayers disposed WESkaGENgA] i =t
el ectroni ¢ conponent being bonded to said posts and spaced fr Thé surtace
of said electronic conponent el sewhere by substantially the|h¢i ghg 16EY S8§%H
posts. 21. The inprovenent recited in claim20 wherein: shid@ posts
conprise a polyner; each of said posts wWhich is di sposed on|oitf€ of said

connected contact pads having a via hole therein through Wﬂ c®8Conduct or
of one of said conductor |ayers extends into electrical contact wth the

contact padgdi spqpgdidhnSityiférconnect structure recited in claim 3 wherein:

said ridge is continuous, closed on itself and surrounds a portion of

said first surface of said electronic component.

5. The high density interconnect structure recited in claim 4 wherein:

said electronic component comprises a seni;cqnduct_or chip and at least
some of said contact pads are disliosed along the periphery c.;f smdﬁ“;st surface of said
semiconductor chip; and

said ridge constitutes a wall around the periphery of said chip.

6. The high density interconnect structure recited in claim 5 wherein:
those contact pads which are disposed in electrical contact with a
conductor of said interconnection structure are referred to as a connected contact pads;

and said connected contact pads have dielectric material of said ridge disposed

thereon.
7. The high density interconnect structure recited in claim 1 wherein:

said spacer structure comprises a plurality of spaced apart posts.
8. The high density interconnect structure recited in claim 7 wherein:

each contact pad which is disposed in electrical contact with a
conductor of said interconnection structure has a post disl;osed thereon and is referred

to as a connected contact pad.

MR



27 22. The inprovenent recited in claim20 wherein: said DR&E,S\L{EQ;;I}N,I ggtﬁf
aretal . 23. The i nprovenent recited in claim20 wherein:} salLd-pestS—rm-
conprise a polymer. 24. A sem conduct or chip conprisind: fa (60 apy |
sem conduct or materi al y ofgggg'@cé*gga S §
di sposed on said major surface of said Bﬁdy; a patterned s =Gt

di sposed on said major surface of said body and said at lleast sel ect edn®

of said contact pads,

having a major surface; a pluralit

sai d spacer structure including ar

a gap. 9. The improvement recited in claim 8 wherein:

said posts comprise a polymer;

each of said posts disposed on one of said connected contact pads has a

via hole therein in which a conductor of said interconnection structure extends into

electrical contact with the contact pad disposed thereunder.

10.  The improvement recited in claim 7 wherein:

said posts comprise a metal.

11.  The improvement recited in claim 10 wherein:

said posts are metallic.

12.  The improvement recited in claim 7 wherein:

said posts comprise a polymer.

13.  The improvement recited in claim 12 wherein:

said posts comprise a thermoplastic material.

14.  The improvement recited in claim 12 wherein:

said thermoplastic material is a polyetherimide.

15.  The improvement recited in claim 12 wherein:

said posts comprise a thermoset material.

* c L M S *



25."  The seniconductor chi p recited in claim?24 wherein: s
Structure is a polyner dielectric material. 26. The sem ¢

recited in claim24 wherein: said spacer structure is cond
sem conduct or chip conprising: a body of sem conductor mat
maj or surface; a patterned spacer structddre di sposed on sa
of said body and including a raised portion and a gap; a p
contact pads di sposed on said raised portion of said space

[,ﬁ

ENT 2uE
PEREEMENT SHEET
ve. 27. A
| 2nhiifg 1308
haj.or surface

rality of
sbructiure

i
n
t
i

wher eby, sailg, conaghpRAement 1citddin hiMNIGehdrgind maj or surface of said

body.

said thermoset material is polyimide.

17.  The improvement recited in claim 1 wherein:
said first layer of polymer dielectric material is spaced from the surface
of said electronic component by substantially the height of said spacer structure.

18. In a high density interconnect structure of the type comprising an electronic
component having contact pads on a first surface thereof, an interconnection structure
thereover including a first layer of polymer dielectric material disposed over said
electronic component, said layer of polymer dielectric material having apertures
therein disposed in alignment with at least first selected ones of said contact pads, a
first patterned conductive layer overlying said first dielectric layer and extending into
said apertures into ohmic contact with said selected ones of said contact pads, a
second layer of polymer dielectric material disposed over said first layer of dielectric
material, said second layer of polymer dielectric material having apertures therein
disposed in alignment with second selected ones of said contact pads and/or selected
portions of said first patterned conductive layer, a second patterned conductive layer
overlying said second dielectric layer and extending into said apertures into ohmic

a spacer structure disposed on a portion of said first layer of dielectric
material, leaving other portions of said first layer free of spacer structure; and

said second layer of polymer dielectric material being bonded to said
spacer structure and spaced from the surface of said first patterned conductive layer

elsewhere by said spacer structure.

| AT



28 28. The sem conductor chip recited in claim27 wherei
Sstructure is an inorganic dielectric material. 29. The s¢
recited in claim27 wherein:. said spacer structure is an gpl /nﬁr- MAY 1928
dielectric material . 26 _- 1 MAY ™55

' keALAuspace rg:_m: i

m gondust-or—eh

19.  The improvement recited in claim 18 wherein said improvement further
comprises:

a further spacer structure disposed on a portion of said first surface of
said electronic component, leaving other portions of said first surface free of spacer
structure; and o |

wherein said first layer of polymer dielectric material is bonded to said
spacer structure and spaced from said first surface of said electronic component
elsewhere by substantially the height of said spacer structure.

20. In a high density interconnect structure of the type comprising an electronic
component having contact pads thereon, one or more polymer dielectric material
layers disposed thereover and having apertures therein, one or more patterned
conductive layers overlying selected ones of said dielectric layers and extending into
selected ones of said apertures into ohmic contact with selected contact pads or other
conductive layers, the improvement comprising:

a plurality of posts disposed on said electronic component, each
contact pad which is disposed in electrical contact with a conductor of said patterned
conductive layers having a post disposed thereon and being referred to as a connected
contact pad; and

the one of said polymer dielectric material layers disposed nearest said
electronic component being bonded to said posts and spacic;d from the surface of said

electronic component elsewhere by substantially the heigl';c of said posts.

21.  The improvement recited in claim 20 wherein:

said posts comprise a polymer;

each of said posts which is disposed on one of said connected contact
pads having a via hole therein through which a conductor of one of said conductor

layers extends into electrical contact with the contact pad disposed thereunder.

(T
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22, The improvement reclted in 1 claim 20 wherem

sa1d posts compnse a metal

23.  The improvement reci_ted"in'claim"ZO wherein:

Said-pos_ts comprise a polymer.

24, A semlconductor ch1p compnsmg
a body of semlconductor matenal havmg a major surface
aplurality of contact pads dlsposed on said major s_urface of s'aid_ body;
_a patterned spécer structure disposed on said major surface .of said” |
body and said at least selected ones of said- contact pads, said spacer structure
including a raised portion and a gap.

25.©  The semiconductor chip recited in claim 24 wherein:

said spacer structure is a polymer dielectric material.

26.  The semiconductor chip recited in claim 24 wherein:

said spacer structure is conductive.

27. A semiconductor chip comprising:

a body of semiconductor material having a ma_]or surface;

a patterned spacer structure disposed on said major surface of said
body and including a raised portion and a gap;

a plurality of contact pads disposed on said raised portion of said
spacer structure whereby, said contact péds are spaced above said major surface of
said body.

I



28.

29.

28

The semiconductor chip recited in claim 27 wherein:

REPLAGEMENT SHEET
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said spacer structure is an inorganic dielectric matex& .

The semiconductor chip recited in claim 27 wherein:.

said spacer structure is an polymer dielectric material.
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