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‘COMPRESSIVE PEDESTAL FOR MICROMINIATURE CONNECTIONS
BACKGROUND OF THE INVENTION
1. Cross Reference to Related Fatent Applications.
The present patent application is related to two
pending patent applications entitled "Inverted Chip Carrier"
and "“Chip Interface Mesa" both also invented by Nils E.
Patraw and both assigned to the Hughes Aircraft Company.
2. Field of the Invention.
* The present invention pertains to Ultra-Dense,

Extremely Large Scale Integration and wafer scale synthesis
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éf microelectronic components residing on a large number of
ihtggrated circuits. Tﬁe specific focus of the preferred
- embodiment is the.planar and orthogonal space o@timization
of active miéroelectronic circuit elements which makes
possible multi-chip QHSIC hybrids having extraafdinarily
high signal pﬁoce;sing capabilities and enormous memory

’:épaciiy.

3. Bédkgrouﬁd Information.

- Over thé paét four'decades, the electronics industry
has witnessed vast improvements in the performance of
electronic compénents. The +transition from thermo-ionic
~devices to solid state diodes and transistors was the first
phése of intense efforts to miniaturize circuitry in order
to construct powerful digital computers. The second great
phase of innﬁVation involved the consolidation of discrete

solid state devicesr into a compact, unitary circuit which
-shgred a singlg héusing, Before the advent of integrated

circuits, components 1like transistors were individually

%
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encapsulated in plastic cases or resided separately in metal

éans. These single elements were generally mounted on
circuit boards and each had a number of leads connected
together by indared wires. The first generation of
integrated circufts combined many discrete active elements
together on several alternating 1layers of metallic and
dielectric films ‘whi:h were deposited on an insulating
sSubstrate. These early integrated circuits, called
thin-film hybrids, were the precursors of current integrated
circuits which contain a solitary, but extremely péwerful
and densely packed, semiconductor chip or die. This
semiconductor chip comprises a base or substrate of
méterial, upon which many thin layers are formed that are,
in turn, coupled tcgetser by tiny, metallic interconnects or
vias which pass vertically through the several horizontal
layers. A semiconductive material such as silicon,
ggrmanium, or galljum arsenide can be chemically altered in
ordér to form carefuiiy selected, minute regions having
different elecﬁricéi properties. These distinct regions are
now f?bri:ated lﬁiﬁh great precision, and each region may
measufe less théﬁ one millionth of an inch. A few regions

which exhibit different degrees of electrical conductivity
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‘can.be.grouped together in order to form a device that can
‘help ’perfcrm .; 'fmathematicél calculation or store
}inférmation. Th?se“gkoups of microscopically small regions
or zones withih 'oﬁé_o# the many layers of one monolithic
.:hip are the modern analogs to the discretely rpackaged

components which preceded them twenty and thirty years ago.

As each phaser o# electronic components produced
.improvements inl:alcﬁlation speed and memory capacity, the
packaging of these componehts became more and more
.important. Technological advancements that solve problems
ééncerning the fabrication or further miniaturization of
semiconductor materials and devices simultaneously create a
concomitant packaging problem. As circuit components shrink
to increasingly smaller dimensions, the problem of accessing
each component grows worse. When integrated circuits become
so densely packed thét a million of separate active devices
occupy a space smaller than the diameter of the eraser on a
common pencil, the difficulties involved in exchanging

information in the form of electrical signals between that
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vast network of tiny circuit elements and the outside world

become enormous.

Another level of complication is reached when designers
attempt to connect many integrated circuits
tqgether in a unitary system. Semiconductor chips which are
shorter than the width of the eraser at the end of the
pencil and less than two one hundreths of and inch thich are

manufacturer simultaneously by the hundreds on thin circular

wafers of semiconductive material that are typically about

four inches wide. Recent attempts to couple all the

separate chips on the wafer gave rise to the term wafer

scale integration. An electronic device which could

incorporate tens, hundreds, or perhaps even thousands or

millions of already immensely powerful separate chips, each
comprising roughly é.million active components, together on
one wafer would constitute a tremendous technological leap

farward in the electronics arts.
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Among Ehgf most serious problems encountered in
-designing ana mandfgcturing integrated circuits and multiple
iptegrated ciregit ;rrays are the deleterious consequences
'Ef using fine 'filaménts of wire to connect the miniscule
‘terminals or'pééé which are the access points to the outside
‘werld from thélinternal'cir:uitry af the integrated circuit.
These +fragile, very 1light gauge connecting wires are
typically one. one-thousanth of an inch in diameter. One
éommon,techniqqé for attaching these wires or leads to the
conductive external terminals of the chip is
fhg;mocompresgiOAI,banding. This process combines the
application of heat'ahd stress on an integrated circuit die.
A very small Qedge~shaped probe or tool called a bonding
wedge must be.viEwed through a microscope and guided over a
wire which is to bonded onto a conductive pad. The pad is
gsually located at the periphery of the semicnnduétcr chip
or die, which is placed on a heating device in order to
soften the metallic material comprising the pad. A
refinement of the bbnding wedge is called a nailhead or ball
bonder, in which the pressure bonding tool consists of a
glass capillary tube that feeds the wire through its center

to the pad. A flame melts the end of the wire that
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protrudes cut of the open end of the capillary tube and
forms a ball héving a diameter about twice the thickness of
the wire. The wire is then retracted in the tube ahd the
ball is held snugly against the orifice while the tube is
moved over the pad and impressed upon it with considerable
force. The compression deforms the ball into a flattened
thermocompression bond shaped like the head of a nail. The
tube is then pﬁlled back from the pad, and the flame is
employed again to melt the wire which is now attached to a
pad on the die. The wires and the contact pads are

typically made of gold or aluminum.

Al though thermocompression bonding has proven useful
over many years of manufacturing, this method suffers from
many shortcomings. Aside from the great expense incurred in
either bonding wires and pads manually or with the aid of
ccsfly automated equipment, any mechanical connection like a
éressure bcnd' is susceptible to failure caused by a
multitude of énvironﬁental factors. Since any <fabrication
process will be less than perfect, some wirebonds will be

faulty after manufacturing. Even if only one percent of the
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¢pnne¢tions are _inadequate, the entire electronic system
which includes the chip with the bad connection may be

rendered completély'incperative as a consequence. Different

rates of expansibn and contraction of the connected

@aterials due to changes in temperature will tend to destroy

bonds over time. The ambient environment may contain

tdmpounds which- will initiate chemical processes such as
axidation that.@ay_:nrrode and destroy metallic connections.

The installation of subcomponents, handling, or vibration

Aencduntered during use may detach these wire bridges in

time,.

in additioﬁ ‘ta the nettlesome problems of keeping a
;ire bond intaét over the life of an electronic device, this
mode of :onnetting'portions of one chip or an array of many
chips is beset. by problems even if all the bonds are
perfectly made and are never broken. The vast number of
wire bonds needed td connect 1large numbers of chips result
in an enormous total length of conductive pathways in the
system circuit. These conductors consume electrical power

since they are resistive components. Increased ambient
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temperature caused by this thermal heating may impair the

‘operation of the associated integrated circuits. The wires

inject unwanted inductancé and capacitance into otherwise
precisely balanéed circuits. Crosstalk between conductors
may severely impair the performance of the entire system.
Time delays inherent in the long pathways reduce computation

capability.

Perhaps the worst problem is the enormous space which
is wasted when wires are used to connect together portions
of a chip or an array of many chips. Each span of wire that
connects two points which reside substantially in the same
plane requires a looped, generally parabolic length of bent
wire. The amount by which the wire can be bent is limited
by the fragility and susceptibility of the wire to fracture.
In addition, the size of the wire bonding tool mandates a
minimum spacing between contact points which receive
thermocompression bonds. These loops of wire impose limits
on the horiz;ntal density of the chip deployment, since a

minimum space for each loop must be provided between each
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‘adjacent chip. Conggnticnal,wire bonding techniques impose
:die interspa:iﬁgr cdntraints of no less than twice the
‘thickness of tﬁé dig; 'if the die is on the order of twenty
:ﬁils'of an inch in height, as much as fifty mils will be
Egasted in order -td provide adequafe separation for the
.ﬁak;ng the wire boﬁds. The pads which razceive the wire
jbonds also conéume prééiéus space on the die. Each pad must
Eéﬁlarge and sfurdy enéugh to tolerate the great pressure
t?ansmitte¢ by the wire bond tool. The wire bonds not only
consume valuable horizontal surface area on the face of the
.die, but also take up space above the plane of the die. The
'1ooped porticné of the connecting wires can extend far above
thé-die face ;n& preclude the stacking of several levels of
:h;p array planes.

‘When connecting wirés consume space above or below the
'active die surface, the vertical or orthogonal space that
extends perpendicular to the active circuitry must be
.reserved for prctfuding wires. These exposed wires are
vulnerable to a host of environmental hazards including
physical shock, vibration, extremes of temperature and

damage during the assembly process.
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Previous m;crpcir:uit connection and wafer scale
integration inventions have attempted to 50l ve the
deployment and:packaging problems inherent in combining and
connecting millions of active circuit components using a
variety of app(béches. In United States Patent Number
3,436, 605, L#nd?on describes a packaging process for
semiconductor ~devi:es that includes conductive pathways
deployed on a substrate which terminate in a plurality of

Epaced rounded pedestals which have bonding surfaces.

Landron’s pedestals may have hemispherical tips and can be

arranged in a triangular pattern on a header which also

holds individual transistors.

Wakely discloses modular packages for semiconductor
devices in United States Patent Number 3,483,308. . Wakely’s
design incorporates a rectanqular body of insulating
material having a flat upper surface which retains a
semiconductor chip coupled to conductive pathways using

looped wirebonds. The conductive pathways are also

.connected through the center of the rectangular body to

downwardly depending pedestals. The pathways terminate at
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the ends of the . padestals where they are electrically

coupled to a printed.circuit board.

In United State Patent Number 4,179,802, Joshi et al.
explain a studded'cbip attachment process. Metal studs are
ﬁlated on a chiﬁfcarrier .surface to match a terminal metal
fpatprint of a corréqund;ng chip. Chips are attached to a
carrier by joiniﬁgr@etqlrpads on the chip to cnr?espcnding
szds on a silicon substrate of the carrier. A very small
amount of saider is used to complete the bond between the

étuds and the pads.

Robillard et al. disclose an integrated test and
assembly device in United States Patent Number 4,189,825,
This invention includes an integrated circuit device, a
package frame having conductive leads that extend through an
insulative poftion'of the package, and an interconnection

substrate having apertures for receiving chips.

q
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A method V.for employing precision stamping for
#abricating_uafaré -in a multi-wafer circuit structure is
disclosed in United States Patent Number 3,813,773 by Parks.
This invention employs a plurality of conductive wafers
which are stacked together under pressure in order to form a
parallelpiped siructure containing integrated circuit chips.

Parks uses a uniform rectangular matrix of z-axis slugs

.separated by dielectric material as terminals for connecting

7

the integrated circuits to external devices.

In United States Patent Number 2,850,681, Horton
discloses a subminiature structure for electrical apparatus
which includes a combination of a plurality of wafers made

of rigid insulating material, conductors fixed to each

_wafer, and conne;tions between the electrical components on

these wafers.

Vizzer describes a modular component printed circuit

connector in United States Patent Number 3,107,319. This

_invention uses a modular component base block which is
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attached to printed circuit boards having end slots for the
insertion of circuit connector elements that are retained by

spring loaded terminals.

A flat pécgagé,for semiconductors wﬁich includes an
insulating cerémﬁc éubstrate having a channel that receives
é semiconductor.wafér'that is bonded to a gold surface is
disclosed in- Unitéd States Patent Number 3,271,507~--

Elliott.

In United States Patent Number 4,288,841, Gogal
describes a semiconductor device including a double cavity
chip carrier which coﬁpfises a multi-layer ceramic sandwich
structure that has a pair of chip cavities. The inventor
ciaims that this struéture is useful for connecting two

integrated circuits which have different terminal patterns.

Minetti reveals a method of forming circuit packages

using solid solder to bond a substrate and contact members

L4
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in United States Patent Number 4,332,341. Minetti’s ceramic

chip carrier inéludes a ceramic body with castellations
formed at the edges of the carrier surfaces. Multi-layer
contact members are coupled to contact pads which are, in

turn, connected to leads from an integrated circuit chip.

Hall et al. explain a method of fabricating circuig
packages which employ macro-components mounted on supporting

substrates in United States Patent Number 4,352,449, In

‘order to maintain sufficient clearance between components

and the substrate and to achieve high reliability bonds,

‘Hall employs massive solder preforms which are applied to

contact pads on either the components or the substrate.
This invention alsoc involves the bonding of lead-tin solder
spheres having a diameter of twenty to forty mils to contact

pads on a chip carrier.

In United States Patent Number 3,811,186, Larnerd et
al. describe a method for aligning and supporting

microcircuit devices on substrate conductors when the
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tnndﬁctors are attached to the substrate. A  shaped,
flex1ble, 1nsulat1ve mater:al placed between the devices and
their :orrespcndxng cnnductors supports termlnals which can
 be fused together. with heat in order to attach conductors

after they have been propérly aligned.

Beavitt et al. disclose an integrated circuit package
inéluding a number of conductors bonded between a cover and
a cavity formed Qithin a base that holds a chip in United
éﬁates Patent Number 3,825,801. This cavity serves as a
carrier for the chip, which is held in place between
conductive strips of resilient material that are secured

between a base and cover of insulating material.

A process for producing sets of small ceramic devices
.such as leadless inverted chip carriers that have solderable
-external connections is disclosed by Hargis in United States
Patent Number 3,864,810. After firing several layers of
gérami:~material on a base sheet, Hargis mounts a chip on

the ceramic carrier by embedding or encapsulating it in an




WO 87/04009 PCT/US86/02509

17

epoxy resin in order to provide leads for the chip which are
more easily connected to external devices than the chip

terminals themselves.

In United _States Patent Number 3,868,724, Perrino
reveals connecting structures for integrated ;ir:uit chips
which are fabricated by forming many sets of leads on a
flexible tape. These leads penetrate through holes formed
in the tape and terminate in contacts which are arranged in
a pattern that corresponds to a pattern of contacts on an
integrated circuit chip. The chips are enclosed by an epaxy

encapsulant after they are bonded to the contacts.

Hartleroad et al. explain a method and apparatus for
positioning semiconductor +flip chips onto one end of a
. transfer probe which automatically and magnetically aligns
the chips and bonds them to an overlying lead frame
structure. Their method for placing flip chips into one end
of an elongated groove of a positioning apparatus and

conveying them on quide rails using a magnetic force to
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- properly locate the chips before bonding is the subject of

United States Patent Number 3,937,386.

An electricai. package for Lafge Scale Integrated
devices which utilizes solder technology to interconnect a
carrier, a circuit transposer and LSI devices is described
by Honn et al. in United States Patent 4,074,342. The Honn
electrical package includes a carrier which has a thermal
éxpansion coefficient similar to semiconductive material, a
'sf;ndard array of terminal pins, and the transposer, which
they claim eliminates mechanical stress on solder joints
that is caused by dissimilar thermal expansion of the

various packaging materials.

Inoue discloses a semiconductor device insulation
éethod in United States Patent Number 4,143,436. This
invention employs a protective covering for a semiconductor
device which includes.a circuit board bearing ar conductive

pattern and a chip. Incue fixes his chip with a eutectic or
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‘electrically connected adhesive to a die bonded portion of

the circuit board pattern with aluminum wire.

United States Patent Number 4,147,889-— Andrews et al.
describe a thin, dielectric, dish—-shaped chip carrier which
has flexible mounting flanges having plated or bonded
soiderable conductive traces and paths. These traces and
paths are coupled with plated or bonded heat sinks which are

electrically grounded and provide structural integrity.

A flat package for an integrated circuit device that
has output pads comprising a supporting member for the

integrated circuit device, external output terminals, and

‘array of output conductors, and an electrically insulating

encapsulation cover is illustrated in Ugon’s United States

‘Patent Number 4,264,917. This invention includes contact

islands arranged an a supporting wafer to provide a package
for one or more integrated circuit devices having a reduced

thickness and surface area.
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None of the inventions described above solves the
problem of wasted ﬁi;narx and orthogonal space that results
ffroﬁ the high portion of chip assembliés that are devoted to
chip interconnec#ioqs such as wirebonds. None of these
r;rioF methods or apparatus provides an effective and
.;comprehensive solution which addresses all of the complex
" aspects of achieving ultra-high density of active
'Vseﬁicondu:tnr compoﬁents. Such a solution to this problem

would satisfy a long felt need experience by "the
semiconductor and integrated circuit industries for over

i three decades.

A truly practi:ai and reliable means fof 'producing
efficacious intra-;hib and chip-to-chip interconnections
.without squandering. a -substantial portion of the die’s
planar and orthogénal space would constitute a “major
advancement in the microelectfunics #ield.' Manufacturers of
semiconductor dies could employ such an innovative design to
produce integrated circuits capable of processing
"information at speeds gfeatly exceeding the :ur}ent state of

the art and and capable of storing vast guantities of data

»n
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{;r beyond today’s most densely packed designs. Such an
invention would ideally be suited to operate in cooperation
with a wide variety of computing systems and would perform
‘consistently and reliably over a wide range of operating
‘conditions and system applications. Extremely Large Scale
Integratien microcircuitry would also satisfy the rigorous
de@ands of supereomputers and orbital defense systems. An
uinvgntinn which enables aerospace microelectronic designers
to deploy enormously powerful vet extremely compact
integrated circuits in orbit for space defense systems would
fmb;t certainly constitute a major technological advancement

in the electronics arts.
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SUMMARY OF THE INVENTION

The aim of the present invention is to help accomplish
this major technological advancement. Thé Patraw
Compressive Pedestal for Microminiature Connections enables
designers of integrétea circuits to connect the integrated
circuits together in order to form unitary, on-wafer chip
arrays which have signal processing and memory capacities
that dwarf previaus;previous discretely connected, multiple
:infegrated circuit systems. The present invention extends
‘the current state of the art beyond Very Large Scale
Integration (VLSI) capabilities to the higher range of
Ultra-Dense, Extremely Large Scale Integration (ELSI) using
the wafer scale synthesis techniques described and claimed

below.

The present invention is, in its best mode of

implementation, designed to be used with the Chip ‘Interface
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Mesa, which was also invented by Nils E. Patraw and is
described in a copending patent application having that
title which is also commonly assigned to the Hughes Aircraft
Company. The chip interface mesa is fabricated from an
dielectric matérial and has a generally rectangular shape
having dimensions that are generally slightly smaller than
the semiconductor die upon which it resides, The mesa has &
rectangular cross—section and may be epoxied to the top of
'ghe die which bears the uppermost level of active circuitry.
The‘perimeter of the mesa is populated by vertical channels
.or hctches which are coated with a layer of conductive
material. The top face of the mesa contains an array of
canductive regigns or external interface pads which are much
%larger than Aéqnventional bond  pads. These  external
ibterface pads-é?e "electrically coupled toc a notch on the
gide wall of the mesa by a thin conductive pathway. Each
notch in the mesa is aligned with a conductive chip
;interface pad on the semiconductor chip. The chip interface
pads are deployed on the periphery of the top surface of the
“chip which is bénded to the mesa. A drop of heated solder
or other easily deformable conductive material is placed in

each notch from above the mesa and forms an electrical 1link
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between the mesa and a chip interface pad, since the solder

joins with both the pad and the vertical walls of the notch.

This microelectronic packaging configuration

. constitutes an important improvement and refinement of the
'Ratraw inverted Chip Carrier, which substanEially eliminates
long looped Qirebonds by redirecting intra—chip and
chip-to-chip interconnections to orthogonal space over the
active circuitry of the chip. fhe Chip Interface Mesa
eliminates wirebonds complefely. All _undesirable wire
éouplers are supplanted by durable and easily formed solder
droplet connections inside a notch which is in registry with
a corresponding-chip pad. The repositioning of intra-chip
and chip-to-chip interconnections into space aver the active
circuitry optimizes packaging space for integrated circuit
assemblies and'enables designers to approach the theoretical
density l1imit for semiconductor devices due to the enormous
saving of space which was once wasted by wirebonds between
adjacent chips. The Chip Interface Mesa reserves nearly all
of the planar space of ‘a multi-chip array for active

semiconductor circuitry, and banishes inefficient



WO-87/04009 PCT/US86/02509

25

interconnection space to a volume over or crthoganal'to the
plane of the active circuitry. That important new
integrated circuit assembly design not anly optimizes
packaging criteria, but also permits the stacking of many
parallel levels of contiquous chips with a minimum of costly
inter-:hip spacing. By connecting many chips together, many
semiconductor dies on a wafer can be combined in order to

realize full, wafer—-scale reconstruction.

The present invention is yet ancther evolution of the
innovative concepts disclosed and claimed in the copending
batent applicagions entitled "“lInverted Chip Carrier" and

- "Chip Interfaqég Mesa." The Compressive Pedestal for
Hicrominiatura Ccnnécticns is a body of conductive material
Vhaving a upper.pbrtian and at least three legs which extend
%rnm the upper portion. The legs terminate in +flared
contact pads wﬁfch are capable of securely mating to a
substahtially #1atr conductive pad in order to form a
reliable electrical coupling. These legs are designed to
mate to one of the mesa interface pads on the Chip Interface

Mesa. The pedestal is formed from a metal which is flexible
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.;hd will provide an oppositely direc&ed spring tension when
the entire pedestal. is subjected to a loading force that
-pheéses-it against a mesa interface pad. By using a
:ﬁopﬁressive pedestal with a chip interface meéa and chip
éséémbly as described and claimed in the related patent
:;ppiication, a greatly improved packaging array for
;ntegrated circuits whi:ﬁ enables virtual wafer scale
3rg;§nstitution lea&ing to system densities that exceed
lcgrkeht VLSI technology'is made possible. The compressive
”beééstal may be used to f;bricate chip interface mesa arrays
ytﬁat combine hundreds or thousahds of interconneﬁted chip
iﬁﬁer?ace mesa and chip assemblies. Single chip carriers
;hay be constructed using the present invention in a
-épring-loaded receptacle which provides easy access and

‘reolacement of the chip.

It is, therefore, an object of the present invention to
provide a simple, reliable means of connecting large arrays
‘of interconnected integrated circuit assemblies using a

device which is easily and cost-effectively mass produced.
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1t is an object - of this invention to provide a
microelectronic interconnection device which does not
destroy its corresponding chip or carrier when the
subcomponents of an integrated circuit assembly such as a

:bib interface mesa and chip assembly are separated so that

chips may be repeatedly tested, probed, or replaced without

destroying the means which incorporates it into a large,

complex system of integrated circuits.

A further object of the present invention is to provide
an integrated circuit packaging solution which does not

adversely affect the yield of expensive chips during the

chip manufacturing process.

It is an object of the present invention to provide an

apparatus for microelectronic interconnection which

completely eliminates undesirable and unreliable wirebonds.
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Another object of the present invention is to provide
apparatus for micro-miniature electronic interconnection
which maximizes the density of active, integrated circuit

devices in a given volume.

Another object of this invention is to provide a simple
‘and reliable meané of connecfing circuits within a chip or
cbnhecﬁing circuits within many different chips in order to
make previously impossible wafer—scale _synthesis designs

practical and cost-effective.

Still another object of the present invention is to
provide a means of connecting large numbers of semiconductor
dies using currently commercially available dies and

existing packaging technology.

Yet another object of the invention is to provide chip

arrays having increased system speeds due to drastic



WO 87/04009
PCT/US86/02509

29

reductions in propagation delay times which results from the

total elimination of interconnecting wires.

It is alsc an cbject of this invention to provide a
:ﬁip carrier which enables designers to take advantage of
-énormous reductions in power consumption, since the
élimination of a multitude of long wirebonds dispenses with

a primary source of wasteful, capacitive lpading.

Another object of the present invention is to provide a
method of installing many chips together on a chip carrier
which ‘may be easily tested, inspected, burned—-in, and

repaired.

Still another object of this invention is to provide a
chip deployment scheme which minimizes chip-to-chip

input/output requirements.
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Yet another object of the invention claimed below is to
ﬁrbvide apparatus for microelectronic interconnection which
é;cids the deleterious additional capacitance and inductance
that are introduced by prior devices which incorporate many

long wire connectors within integrated circuit assemblies.

It is also an object of the present invention to cut
down the mass of integrated circuit systems in order to
fabricate systems which can be economically placed in an

orbital environment.

An appreciation of other aims -and objects of the
present invention and a mofe complete and comprehensive
understanding of the this invention may be achieved by
rstﬁdying the following description of a preferred embodiment

and by referring to the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a through 1le illustrate a preferred method of
fébricgtion of the present invention by showing the varigus
réfages of formation of the compressive pedestal on a
QUbstrqte. FIG. 1+ ié a perspective view of two completed
_ébﬁpréssive pedestals on a substrate that are connected by

conductive pathways.

FIG. 2 is a perspective view of a multi-chip array of
chip and chip interface mesa assemblies retained imn and
yinked by corresponding receptacles by compressive pedestals

‘which are, in turn, linked to an interconnection device.
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" FIB. 3 is side cross—sectional view of a single chip

carrier using compressive pedestals to retain and link a

chip.



WO 87/04009
PCT/US86/02509

33

DESCRIPTION OF A PREFERRED EMBODIMENT

The chip and chip interface mesa assembly which may be
employed in combination with the compressive pedestal is
fuLiy described in detail in a copending patent application
entitled "Chip Interface Mesa" by Nils E. Pafraw. The
déscription of that invention, including the drawings
figures contained in that patent application, are hereby
ihtorporated into the present patent application by

reference.

FIGS. la through ie depict the sequence of operations
emplaygd to fabricate the preferred embodim;nt of the
'compressive pedestal. A substrate 10 is coveréd“cr screengd
wiéh wax, photoresist, thermoplastic, or metal substrate
”m;sk 12 which has a pattern of circular holes 14 that are
approximately 4 to 12 mils across. The holes 14 are filled

with a material such as potassium chloride or photoresist to
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aflgvel at which a positive meniscus is formed (FIé. iby. A
rounded pillar 16 is :formedrwithin each hole 14. The
';dﬁstrate mask 12 is removed with a suitaﬁle dissolving
'ggbstaéce which leaves only the pillar 16 on the substrate
46-(FIB. ic). In FIGS. 1d and le, a metal mask 18 having a
central body partion and four radially extending members 1is
éia;ed_cver pillar 16 in order to deposit a layer of
aiﬁmin;m over the pillar 16. FIG. 1f reveals two finished
;dmpressve pedestals 729 having four dcwnwardlyr depending
legs 21 that terminate 1in §lared, generally_flattened pads
25, The pedestals 20 sit atop a substrate 10 and are
&5nnécted by a éonductiye pathway 22. The pedestals 20 are
désigned to be deployed upon the mesa interface pads shown
bin-the related ccpend;ng patent application entitled "Chip
Interface Mesa". In order to form a reliable bond between
the pedestal and the conductive surface which receives 1it,
ﬁhe pedestals are coated with an indium alloy 1in an

environment heated to approximately 150 degrees Centigrade.

FIG. 2 illustrates a multi-chip array which includes

many chip interface mesa and chip assemblies 28 in a matrix
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1ike arrangement. Each assembly 28 1is retained in a
receptacle containing a plurality of corresponding
compressive pedestals 20 which are connected to conductive
pathways 22 that are, 1in turn, electrically coupled to
external terminals (not shown) associated with
interconnection substrate 24. The receptacles are arranged
on substrate 24 atop an alignment spacer 26. Each assembly
28,comprises a chip 30, a.mesa member 32, notches 34 bearing
Cbnnective solder droplets (not shown in this drawing), and
a matrix of oversized mesa interface pads 40 deployed atop a
élanar mesa surface 3& of their cc?responding mesa member
.Sé. The pads 40 are connected to their respective chip 30
yia conductive pathways 38 and are electrically coupled to

‘the multi-chip array 23 via the compressive pedestals 20.

FIG. 3 depicts a single chip carrier 42 using
compressive pedestals 20. A ceramic body 44 contains a
kecept;cle which holds a chip interface mesa and chip
;assg@bly 28. A removable cover 46 secured by a retaining
~ring 47 holds a conventional spring 48 in place over a

piston 50. The piston S0 provides a continuous pressure
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which ﬂolds assembly 28, including chip S2, mesa member sS4,
égé éalder droplets 56, against terminals 60 at the bottom
76} the receptacle. The terminals 60 are connected to
fiﬁternal connectars~(not shown) within the ceramic body 44
which are, in turn, linked to external terminals or edge

contacts (not shown) at the periphery of ceramic body 44.

The Patraw Inverted Chip Carrier, which is described in
defail in a related copending pafent application,~enab1es a
qésigner ordinarily skilled in the art to take a current,
Eéﬁmercially available chip, place that chip in this new
carrier, and realize an enormous increase 1in volume
évailable for active circuitry of &5% for only a tiny 3%
increase in planar area compared to the bare die dimensions.
The Patraw Chip Interface Mesa provides éven greater volume
to surface area ratios by completely eliminating all
wirebonds. Nearly all the inter—chip spacfng required in
conventional manufacturing techniques is avoided by
émploying solder droplets in mesa receptacles that extend

perpendicular to the plane of the chip’s active circuitry to
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form the electrical interconnections between thé chip and
the outside world. The Patraw Compressive Pedestal for
Microminiature Connections combines the advantages of the
previous two inventions with another great benefit of
designing large multi-chip arrays in which the component
chibs are packaging in an ultra-dense configuration and are

easily replaced or removed.

Although the present invention has been described 1in
detail with reference to a particular preferred embodiment,
persons possessing ordinary skill in the art to which this

invention pertains will appreciate that various

,mpdifications and enhancements may be made without departing

from the spirit and scope of the invention.
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CLAIMS

What is claimed is:

1. A method for making a resilient
microelectronic connective member including the steps

of:

providing a substrate for forming said resilient

microelectronic connective member;

covering said substrate with a substrate mask

having an aperture;

IR
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’ $illing said aperture with a filling material
which will form a positive meniscus at the top boundary
of said substrate mask in order to form a rounded

pillar on said substrate within said aperature;

dissolving said substrate mask with a dissolving
substance that will remove said substrate mask from
said substrate but that will leave said pillar intact
on said substrate;

impressing a pedestal design mask over said

pillar;

depoéiting a layer of metal over said pedestal
design mask in order to form a resilient

microelectronic connective member; and

dissolving said pillar with a dissolving substance
that will remove said pillar but that will leave said
resilient microelectronic connective member on said

substrate.
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2. A method for fabricating a compressive
pedestal for microminiature connections including the

steps of:

providing a multi-layer, dielectric substrate for
forming said compressive pedestal for microminiature

connections

covering said substrate with a photoresist

substrate mask having a cylindrical holes

depositing potassium chloride in said hole in
order to form a pillar having a generally rounded top

portion on said substrate within said cylindrical hole;

dissolving said photoresist substrate mask with a
dissolving substance that will remove said photoresist
substrate mask from said substrate but that will leave

said pillar intact on said substrate;

impressing a pedestal design mask over said

pillar;
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depositing a layer of aluminum over said pedestal
design mask in order to form a compressive pedestal for

microminiature connectiomy and

dissolving said pillar with a dissolving substance
that will remove said pillar but that will leave said
compressive pedestal for microminiature connection on

said substrate.

3. Apparatus for providing a resilient

microelectronic connective member comprising:

a body of conductive material having an upper
portion and at least three downwardly disposed contact
members extending from said upper portion for providing
a stable mechanical and reliable electrical coupling to

a substantially flat conductive pad; and
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said body being formed and joined to said contact
members so that said body and said contact members are
capable of substantial flexure and spring-loading in
order to form stable electrical connections when a
mechanical lecading force is applied to said upper

portion of said bbdy.

4. A compressive pedestal for microminiature

connections comprising:

a metal die having a generally hemispherical
1cqn£cur including a central portion and four radiating
eieetrical connector legs, each of said legs
terminating in a generally flared and flattened pad
suitable for making a secure electrical junction with a

substantially flat conductive surfacé; and

said die being fabricated from a metal which
enables said die to flex like a spring under a pressure

imposed upon said central portion.



. WO 87/04009 PCT/US86/02509

43

S. Apparatus for a compressive pedestal for
microminiature connections as claimed in Claim 4 which
is fabricated in accordance with the method claimed in

Claim 2.

&. A combination for providing a chip interface
mesa and a plurality of compressive pedestal for

microminiature connections comprising:

a mesa member made from a dielectric material

having:

a first planar axis extending parallel to the

longest planar dimension of said mesa member,

a second planar axis extending parallel to
the second longest planar dimension of said

mesa member,

a transverse axis extending perpendicular to

both said first and second planar axes,
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a top planar mesa surface extending
substantially perpendicular to said
transverse axis and bounded by said
longest and said shortest planér dimensions

of said mesa member,

a plurality of planar perimeter walls
disposed generally parallel to said

transverse axis,

a plurality of vertical electrical coupler
means located substantially near said planar

perimeter walls,

said plurality of vertical electrical coupler
means each having a vertical dimension which
is substantially parallel to said transverse

axis of said mesa member,

said plurality of vertical electrical coupler
means each further having a conductive

coating extending along said vertical

i



WO 87/04009 PCT/US86/02509

45

dimension of said coupler means,

a plurality of mesa interface conductive
terminals disposed upon said top planar mesa

surface,

said plurality of mesa interface

conductive terminals disposed upon said top
planar mesa surface being electrically
coupled to a plurality of conductive pathways
which are mechanically coupled to said top

planar mesa surface,

said plurality of conductive pathways being
further selectively and electrically coupled

to said vertical electrical coupler means,

a semiconductor chip having two planar dimensions
corresponding to said chip’s two longest dimensions of

length and width;
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said semiconductor chip further having a top chip
surface bounded by said two planar dimensions which

contains an uppermost layer of active circuitry;

said chip further having a plurality of chip
interface means deployed upon said top chip surface and
generally surrounding said uppermost layer of active

circuitrys

sgid plurality of chip interface means also being
selectively connected to said active circuitry and
disposed generally at the periphery of said top chip

surfacej;

said semiconductor chip being mechanically coupled
to said mesa member so that said top chip surface is

substantially adjacent to said mesa member;

said plurality of chip interface means also being
selectively and electrically coupled to said vertical
electrical coupler means by a plurality of mesa-chip

electrical contact means; and

PCT/US86/02509
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a plurality of compressive pedestals for
microminiature connection as claimed 1in ‘Claim 5
deployed on said mesa interface conductive terminals;
said compressive pedestals being adapted to receive a
plurality of external connectors bearing on said

compressive pedestals in a spring-loaded arrangement.

7. A combination for providing a chip interface
mesa and a plurality of compressive pedestals for
microminiature connections in a single chip carrier

comprising:

a ceramic body having a recess adapted ta receive
and retain a combination for providing a chip interface
mesa and a plurality of compressive pedestal for

microminiature connections as claimed in Claim &j

a piston disposed adjacent to said combination for
providing a chip interface mesa and a plurality of

compressive pedestal for microminiature connections;
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said piston being further urged into mechanical
engagement with said combination for providing a chip
interface mesa and a plurality of compressive pedestal

for microminiature connections by a spring; and

said spring being retained in compression against
said piston by a removable cover adapted to Ffit

securely in said ceramic body.

PCT/US86/02509
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